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h 1 RROC. KERR The meeting wili come to order.

2 This is 1 meetino of the Advisory Committ ee on

'N 3 Reactor Safeguards, Su cc o mn i_tt ee on Advanced Reactors.

4 My name is William Kerr.

5 de have as consultants to tne s ucc o mmitt ee Dr.

6 Seale and Dr. Siegel. We are continuing our review of NRC's

7 research program at this meeting. It is oeing conducted in

5 accordance witn tne provisions of the . ederal Advisory

9 Committee Act and tne government in the Sunshine Act, and all

10 epolicaole rules and regulations associated therewitn.

Il Mr. Savio is the designated federal empl yee. Rules

12 for participation have .an announced in the Feceral Register

-. a, 19e . .4 . - 2 . . s - .+ - *. .i s c o. .i n , k a n *. . 7+'so,i, .e s..-- . ,, r ,s . . . e> . - ... .

k 14 requested that each speaker use the microphone. Copies of

15 tne transcript will be availaole a week from today.

15 de have re ceived no written comments or requests

.-
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2D 2R. KE_SER: I nave no formal presentation to make,
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This morning and af ternoon, we will review witn youh 1

2 the arca. rams tnat we nave in olace at Arc.onne Nat iona l. .

r' 3 Laboratory and at Brookhaven National La bo ra to r y, with a

4 very brief review ct tne outset of the aerosol release and

-

* r a n s "^ '. - . ^.^, . = ~., a *. C a k .R i d g e .- . -. y . - . -

4 . 5 a. *a.* son 'o. *5a .' s '. - a. v .' a. w o 4' '. 7 a * ^ ~. o 3 . - .m .s--= i
. . . , - - . . g

7 ..a. .las* Nauam*=.,.
4' .f r a c a ll - a r. - a. . * ' ' w a. .h. a d a d a. *. a .i l a.d.-

v . , - .. s

S review with tne subcommittee. And the purpose of today's

9 - a. v 4 a. w . s a .' . .i v, * a. .' .' 'f o u w.ha *. w a. d .' " == = .- a c " 1 *. c' *ha*-.' *^~.y v. . w.. . . -

10 review and where we now stand.

11 .i wc u .l d .l .i .k a. * o .l a = " . "s ' " , *.s..*., w.f*5 M e . . . _ _ a c a. .- ~, ,w . . .. .. .. .

;; y.,.,co .' = * ". a. , . .= ~=~a.- c '. *ha* y-. *,. =m._ . , . .. . -

13 Dr. Silbercerg. Good morning. My name is Mel
.
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ih I of :ne A;.~ c rogram in te rms of the two key alcments -- source

.' . .h a.? . ~ .. .. . . i --- c... 3,s .3-,e .1 *a..hav.ier .i n r. o n . a .i .n m a. .". * , wr2 a * w a. -2

~

=di^1-2v.6 .i.=1 onsay'a.n e ass a. s s ..l a. .a. 'w ., . . a u s- * ^ - *- a. .' a. '. . a. .m. *.d. o . a
uv. . 4 . .vy-

4 (Slide.)

5 Lacking a: the source term element, the orincipal

6 f aci ity here a: Oak Ridge is the fuel cerosol simulant test

7 - a. .' e .-. a. d * o =- = ' w.e .:e.c7 * = .4 1 4 * v. . wn .i e. n .+ = .i .n a. e^ - o x .i ,. = *. a .l v.a
. .-. . . .-

3 one-tenth scale, the near-scale version of the reactor

; vo.e al. A ~" .' ~ 1 *. n. o w , * 1 a. '. a .4 1 .* *. '/ n a s " a. . a. c ^u - ^ .1 a. *. a. d. oin a.
-
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13 we'll oe using, ultimately, in socium.

( 14 Anc we'll tner procee d to the sodium tests. But we
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Sh 1 PROF. KERR: Excus e me. In wt.at sense are they

7 < oan i=?.
- d c-eam *yo u .4 v e .ma. =. 1 .' .- . .' a.-

- ,4 .- ., .ccoe a.4,, w .< . .w.y_.. , ...
.

. . . . - . . 3

7s
- m e .- o. a c. +. a .f .1 ?.e .

4 CR. SILSERSERG: Since the work at Oak Ridge uses

5 ele ctrical heating and condensor discharge, vaporization of

6 the fuel pin, what we want to do 23 compare tne aerosol,

7 at least the primary aerosols from that with the aerosol the

3 would oe generated in pile by neutrons by nuclear . heating with

9 tne special capsule tnat was in the ACPR around about two

10 years ago.

!! .a.n " .n a s - a. ' = .1 a a ...e^ l .i n c. . a. .k.n. i- u = s = r a "o *^
- -a ~-

- e . . . . - .w, .

12 inte r-compare oath the Sandia test, and tne same samoling

13 test was enne at tne CRI-Il! facility at Oak Ridge, and to

( 14 compare the aerosols and also get wnatever information we

1- 3.,i s v n, . a. ,. . y- a. . a . a. s .< s * r ' ' " . .' ^ . m- =. c a 's a. .' '. ' s '' s *. =- .'.'.'..la.- -
m.- . . m

-
.- . --

f. 4 .3.W ma .<a.n m a. . o -. 1' 3 a. .L. a. . a. s e . - a - ,J . a. w.d.. . L, + 4 m n n n *. .wae~<-- <mo.----a . s . .s v v

}7 .e .m._-an.v. . a. g . . .m. a e. 4p. .. e W .2 3 . v. ~. .$ a. r n i/ e. . , a. .t r.q..- .

*w - e .4
-s .

j; Om . i . a. n a. / a- .a .e. 4.. . a. T o ...y- g 4.ase - n .< y, ,n .3 -o am m m -m
. i-- yv . s 3.. -

| ;. --ng e. a. a. .' .a . . - e .- - g .m. a . . - es
e ,, ,

a. 2 4.... .s .4 .g . we a. .i .n.n a m2 3
, o u... . . .f yyv y . . . ..i. :e.

om . .m. a. a. ,. - a .n a. . . . . a. n. . . a. . . . a .i e n , ,- - a. .s e
-. y .. v . w - - - . .

-

<. I CDn: V : D. - .' a . .m. a. . o. :-p < h- . n C ,.,.c o. . n n ...a . ;. d. a _;e-
- -o- . 4... v.o....6 - s -

-

47 ..e o. . .m. g .o a- . i .l . a- y e v - .4 .q . i . A y o. . 0-.m1es . g w- .i * < m e.-v.e. a m q o,mo . a o m
e . g.. . v6. w .s .
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*

- .#o-o* aa . a. .-

..Jc ~..^.,Q a. a .i y .4- Q 3 (' F . V.: .c. N' a
* ~

* .j - j v - <*a s re as, s - . .

T. . h . . o. e a-.?. ;- '; - .? '- s - . . - _2 .D ^J ; './- m a. o. .q20: * .
; 444 ;-. -ca- oD w w ---Os w.s.. . *w

y ('. '

% G's
.

A.e
e

s ) 'J %



,,s.nl.a. 7-. e

-

.x. 1 . - .. , -=. h e .1 s .' v a. * o y .4 c a .l .a. c o . *. + 5 a * i s = yr--^ a c .h .i n y- gubl.4.a*. iona
v. r. .

.

. . .

2 at Sandia. It w ill probably oe out witnin a few months, I

' 3 believe.

01:v:_: c.cu.3d you expan_y a 01: on the resu.its3. ,, e.--.
- .. .

5 Are the condensor discharge particles. adequately similar to

6 the reactor-produced particles?

7 OR. SILSERESRG: Yes. What one looks at, Dr. Siegel,

S is ne primary particles tnat result from condensation of

9 vapor, whicn are the very smallest of tne crimary particles.

ja .o, ca a - =. -.m.*ny ou. '. a. . y s .i m + .i a . . T. h a - a. .~=v ^e- . . . . . ~

11 some differences, you kno w, in the amount of the source, out

1: .32. . . c. o, n o. . 12.e- , .. e u n - a r * a .i .q *. .' s. a- .' . * a. m. e- a. .- a * ' v a ....-.s . . . . . . . . . .-.

13 (Slice.)

( 14 i n a. a c .4 1 .* *. / now .i s ' 'J .1 1 y o '.' *. '. .i * * a. d. nd 4n=*=e1 1 a. d=
. .. .

15 at Oak Ridge. It's cuite a comprehensive facility, ~uite an

16 ".n d a. . +. = k. 4..3 h. . .' e ' a c 4 1 4 * '/ .i s ". a. a* .' y~ n a. d.. . o. a. - "w a .l .' ' .' a. d. #. v -*^~
. . .s y 6 .

' 'e _e s & .4 . .~..
w

,
4 *nc d a * a. v s a. q * s ..as*. 2.=a.e 1

1 v- .. . . . -. . .

] ,. 1"1 o w *s #. ^ * ~ . '."t.A # " *. " ". *a"" ''
.i . *.2.*.' - J**. .# .1 '. 7 a. **:"
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- w. ., 4 . -.
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:n I c.'operatioc with the University of Tenna ssee an acoustic

2 s ys t em that will ce aole to track the oubole, hace fully uncer

~

3 sodiu .m

4 So wnat one is doing is using the convenience of

5 water and pnotography to allow us to oe sole to callorate the

0 acoustic system to see if we understand what it's doing.

7 P R O .L . KERR: What accut tne oubble? Are you

5 tracking its location?

9 . .o. . sir, : n ' - __ .a _ m .= _= n 3 1 / a.4,a. a n d. w a i .n *. w .' ' .' . ._ea = _=2 - y

1J a 4e,n**.4 o- me s. .a m. a. .1 - . . u

Il In other words, is it, as it might condense as it's

j3 -n ..s way ..."'-v~i^. '. .n a. s ^ m .+ ' m .' n * a. - . . .e** v' a.i a. o .i s *. - - '/ ,^ - m ..
-

e , v . .. .

1 . , e . 2 . ~ .- o. n .43. y w . .e .- a. - o. 2 .n a. s *. ,h a. s u . '. a c a. c' * n a. y"co .lwo 4+
.v . -- . .. v.....y . . .-

.

( 14 and then ce able to model t''at benavior?

15 PRCF. KERR: What will one do with that sort of

< x. ; s ,--..2 . < o n o.4 .... .. .. .

I ,i ud.
e,, :nne-,n: -.inat i n * 0 rm a t ., o n a s we ., ., as *ne

- . .

. _ ns .

,

ja 32+r.<q, . c. . n _e .l e . a*. m-a. * a k a. .^. i.n *..^i.e " - ^ e . y* * * *. o .' *. .' .,
.- s - .. -. w . o -~~ .- .. ..

's ; r. . . a n. a. . , w a. w ^- - a- ^ = v s. =n ^--yo. -....v,
'

.-
^^ *'' '* *^ a a. .cw - ' ' ' ^'a ^ *naa- -.. ...- .. -

m - - - . ' d o. = ~. ~ - r,n . . - r. . n .- . .d ,e L, .1 a s.27. - o. n-. 0c.' .n., - <22 c ,- n ----..e4. w. - - - . - - . .

; =- e .' o. . a. s v, .3 .,c_ ya, r m''.' .d - m a. . .^. a ^ .# e '. s o n 4*< d a v, '- ***^"^^0
. - - . . . . -- . .- -- . . . .

'

--,.s-

22 One column of socium, and uncerstand the pnenomenon nat is
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4 Hopefully, sometime in Fis cal 'SO, we will move

5 over to the sodium tests. And , of course, working closely

6 with :ne exoerimental program is the source term, model

7 improvement at Oak Ridge, a bubble model which has been
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_ h I secuence .

2 And so cmis aculd allow us to make comparisons,

3 numerical comparisons of the particle size districution eftects'

a all tne way up to full-size containment cases, s o m e t.11ng that

5 we don't have the opportunity to do e x pe rime nt a lly.

6 PROF. KIRR: Go tnrough tnis again and te ll me -- wnat

7 you do is procaoly perf ectly straightforward, but tell me how

*

you coupie LRAs- t o n' AA N M -J" .1 ^ -

n

9 ;x. c i _r : x o n .o. a : :ney run in4ependent1y. dnat one
,, -. ---- -- -

e

13 d o e.s - u.. 4.3..v. _1 a a s u".m..a. s a n a .n a .l '/ . .* . = .1
' - 9. . *^ * " e a a *. .i .l a. s .4 ' a.. . .s. ev .o , . . .

11 d is triout io n , a .cre f e rre d f c rm , which, experiment =lly, has

12 .a.=... s . .- w n .' ^ . ..,.a. a v - a. 4 .i . . . . s . . . a * 5 = v a. - a. a n . u,m. ~ = * a. . ' . ,--g . . a *^
v .. em..

I .7 . .k. a. .' .4 * a. r.m * ,r.- o. .. -w

t 1. :nis is acceptao;,e, appears to ce acceptacle.
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2 method that's used.

''
3 In other words , it just tak es wnatever part icle

a size . tricution it computes in each time s*.ep and continues

5 on with that.

6 Anat one is dolag is tnat for the same set of

7 c o nd it io ns in a variety of experiments and accicent scanarios

3 in containment, com aring tne two codes, running ther tog e tn e r

9 to s ee whe:ner nere ar suostantial differences in oenavior

10 . ." a *w . n a. m- . .i .". *. no*a.y .

11 PROF. KEOR: And if you get differences or vou don'-

1 %. ., ^ w Y a. *. w .n a. *.. . a . v. o n. ,~ e *. H .i ' '. a. v a. n. - a. s .v . . . .

l' ' x' . . " . '_ _ C .0. : _2.9 ^ : n a. > . a. .i ". o . .i n *.o 1* now. n..d *oa.:_ .

*
.

I
la results now indicate tna: :ne differences do not aopear to ce
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h ! In other words, tne oootstrapping operation, we

2 take whatever information we have and tne numberical techni;ues

3 are checked against that. If it does a good job with tnat, we
''

4 say, fine. Then we just keep working together.

5 Hopefully, for the mnst part, for accident analysis

6 in LM.03Rs , nopef ull y we could use H AARM-3 f or tne workhorse

7 for the program. '

S DR. SEALE: Mel, could you refresh my memory just a

9 bit? ~ I n H AA.7 M-3, or in any of these, you mentioned the cnange

10 . .q r _2 . r. 4 . 7 .= S .4 ' =. d .i s *. . i o u' 4 ^ n ~ s a .a. s. .m. o v a d w .'* h ~..~.a. "u ".. .n< - * .v e . r

Il profusion or in its transport.

;p_ _no e s . .". a * p a_. *. .* c .l a. s .i .' a. .' e . . . _- " . . v r. .k. a n. ~y .* *^
J u s *v.. . . .

a
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:h 1 Now unce r transpo rt --

- Jn,. ot tu _r : vou.Ic you comment at al.i on shape
-.- - -7

3 factors? Are you going to do so?'

,y, a. . o- . . a r R o x u : A.33 I wouie say on snape ac*.ur is4 1_.:-.

5 that we have measurements underway, a numcer of whicn have

$ ceen comcleted f or the shape f actors. First it was for

7 sodium oxice . Then we're completing the UO2.

3 Now we n ave mixtures of the two together, the

9 combine d conglomerates, and we're locking at tne shape

.' c . w .- s ...a"a., * o. And * ".a *. a 4 .' .' 2 .' .1 o w "e s +.^ h _= / =. * n' a_ *10 a
. . - .. . . .

Il a v = .' .1 = . .' a. .i.n ~. ~ a. ^ome,d - ...g- = - a. w .i ' ., * " a. . o c a.-y_=.'.,2- *^
- n . .. _. .....

12 3 y ., . ,. . 2 4 , ,. * a 2 . s w .h .' .* .*. a e , .I. 3 on a rsak. n .4 - - a. =.~ w o .' . .^- - ^d
y . . . - . . - . . . .y .

t; .r w vo sn o o. v r. -.',' n o. x *. s .1 4 .d a. .. ue . -
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! la Two noteworthy areas in transport on the experimental
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17 Cclumous. Me are now releasing it for peer review. And
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h 1 PROF. KERR: Did you say that the report now exists,

2 or is it in preparation?

- -

o I *L = = =_ n s._n_ c 7. n e . a. ' ., - u..a'* -a.-c. ou*.-n. a d; .n . . .-

4 P R O .: . KEOR: You procaoly na given us a reference.

5 But --

6 DR. SILSERBERG: It doesn't nav e a numo er. But what

7 we will do , Dr. Kerr, is we will send the sta f f he re eno ugh

S copies f or the working group, i f you like. That will ce

9 going out prcoaoly within a week.

l,
. .3. ,.,n . t,: 0. x :
, .~ -Anan.p you.e .

.i i. sn. .c r r 2 : o. c _r .o. a : .N o w n. C,a_ .k .R .' " - a , 1.. cu- ^*.5a.-
-

. _ - . - .y- . v .

12 ma jor f acility on One ART program -- namely, the NSPP v e ss e l --

17 p a. n . v r.o. .p .N e c o.. . ur a- . e.

( Ia DR. SILSEREERG: The Nuclear Safety Pilot Plant.

,-
P n o , n n.a. : _i n a n.< yo u. 7 t's capacie of tota.3r . =

. . ,

io

.v .,wn- .1,.a. 2w w -..o:5 yy vo . w -v

1 ,I aM
- b , -- -mc: les.- LOOM :Mv -ine aeroso)s witnin acrP are

. . . - -

.
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+ . . m . - y s . ... .. .

I9 9 ee '. ing , Onere das some disCussio^ as to One na*ure of One

3
. _ . ..3 * a c ~. , . 1 . .tX ~.s n a .: .3 . m. .; e =- a. z. . n 4 m. .-

v .
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I at hign ma ss rate concentrat. ions for both fuel and sodiumh

2 oxide was comoleted.

~ 3 In order to do this , it required the generation or

4 tne develo.caent of a high ma ss concentration and rate fuel

5 aerosol generator.

6 PR0;. KERR: Now what's the meaning of high mass

7 rate?
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;h 1 DR. SILSEREERG: What one would like to do is deliver

2 a sufficiently high aerosol concentration, mass concentration

''

3 measured as grams per cuoic meter into the vessel ard fast

4 enougn so that it all isn't starting on its way to fall out

5 wh il e y o u' r e p u.t t in g i t in.

6 You have to, in other words, take into account the

7 f allout characteristics of that particular vessel which is

3 related to the height.

9 5 what one wants to do is in se veral minut es get

10 up perhaps tne order of a kilogram of material er s aethlng

!! of that order.

12 No w the eason wny we like to get to high mass

13 concentrations here of the order for "uel of, let's say,

( 14 ten grams per cuoic meter is that in containment, if I take,

15 for example, an LL:3R accident analysis, the one percent source

16 term that's used, tnat has oeen used in the past in the core,

!7 that amounts to acout two grams per cuoic meter.

13 Nhat one aculd like to do is get a higner

19 co nc e n t r a t io n in the test vessel so tnat you can get into tne

20 size regime -- in otner words, more concentration, la rger

21 sizes - get into tne aerosol size regime in terms of

22 agglomeration.

23 Th a t would oe like the containment ou11 ding, but

24 still oe in the smaller vessel.

25 Th e most challenging cart of aerosci phys ics nat

, ! G; ,n :tt' i n,

L 1:
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'h I we're now oringing together is that fact that as the aerosols

2 agglomerat' and grow to tne Tizes tnat one computes in

3 containment, you de part rapidly, severely, from spherical-'

4 cehavior.

5 This has been the most cha llenging part of the

6 Serosol dynamics, where the particle agglomerates and shapes

7 deparc f rom spherical.

3 OR. SIEGEL2 Now, you've just sort of cwelled

9 momentarily on the point which I was concerned about on your

10 previous chart, this issue of particle shape. You kind of

J1 went over it in passing before this dynamic shape f ac tor.

12 rom what ! remember of the story, the snapes of

13 the agglomerated particles are so odd and unusual that it's
f

! la very dif ficult to calculate how they'll behave.
.

15 JR. SILEEREERG: Well, using two types of technicues,

16 one the Milliken cell, the o tner an a ero. sol centrif uge , one

17 can get at the cynamic snape factor wnich is related to, in

15 9 ff ect , wnet we used to call e ff ective density. But it

1y gives you tnat part of, in otner words, how it's enanged

20 cue to, if you will, having grown in terms of density.

2: or sodium oxide aeroscis, this is suf fi cient

22 ceccuse it doesn't depart mucn frcm spherical, even thougn its

23 density changes cuite a bit.

24 In the cas e of UC2, we co have a cifferent snape

-
( :w 2.aw ;.m.. - %. c _ , < e = ,0 wl a wo. e,- ,- 2 0 . s. ,, . E l e O - ,e e

g-.--. s -- e
e w& 4 w e o g w.w e w ew es . 4 e dw eve g we l be & p w w we g

f' s ' #,,

% s
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h I form f actor that's used,. which is vary difficult to get at.

2 You're correct.

3 What one is trying to do 1s, again, by separate'

4 eff ects from data availaole in the previous vessel tests and

h5 some of t e tests that we've oeen doing at Oak Ridge, is to

6 try t9 work out wnat might be a reasonable range of values for

7 tnoSe.

c inat is dif fic ult. That is one aspect of it. That

9 is not as clean as we'd like it to oe, but it gets us close.

10 In other words, it will get us down to at least one

J1 value that will have one of the parame ters that maybe wi ll

12 have a little more lcoseness on it than others. Sun with :ne

13 interval tests that we're running and so forth, we'll at

I
la least get some confidence that it's in the suitacle r nge,

15 that we're not, you know, in some wa y out.

15 That's really the two areas that I think your point

17 brings out.

15 6e are in conjunction witn the CSNI aerosol experts

19 group. We're making the . international community and our own

23 program --

2! ?ROF. KERR: Excuse me. Anat's CSN ?

22 DR. S!L5EREERG: The Committee for tne Safety of

23 Nuclear Installations, s'onsored by tne Organization for

24 Econcnic Cooperation and Development in Paris.

25 To a ss e ss , to make an asse ssment of aerosol

'

"J O o . . c <d u .L
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:n I instrumer.ts tha t are used in our experiments, so that when

2 they oring togethe r tne verification procedures and the data

~'

3 acid the coces, we can say also our instrument errors are such

4 so that we have an understanding of what all of the

5 uncartainties are.

6 This is something that's actually been wanting a

7 long time, really, in ae ro sol te chnology f or the se aerosols.

5 ?ROF. KERR: Is this committee :nade up of committ ee-

9 type people er scientific types?

10 DR. SILBEREERG: Scientific people, yes, at least

li as technical as myself, and mayce more. Eight countries are

12 represented.

13 (S lice . )
( 14 We talked aoout the NSpp. Th is ls , just briefly,

15 a schematic cf the flow sheet. It's an I S f.co t hign vessel

16 by 10 f oot diameter, and capacilities for sodium experiments

17 and CO2.

15 (Clide.)

I? Now our near-term plans for transport are 50

2s complete tne c ompa risons o f H AAR V-3 and CR A3, conplete

21 eeroscl croperty measurements cdding a :nirc componen

22 constituent, r amely stainle ss steel in '50, a sse ss with the

23 codes co ntaini. en: mixing and perneps multicle species. The

'

accountabill:3 of multiple species which are now nanalec ir-

2: an everage ~ay.

USINUIl
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h ! Containment mixing at this point, I don't think one

2 needs to be very prof ound aoout it. But the assumption in

3 the code is that e verything is well mixed.^

4 And so one is looking at, we ll , in the real world,

5 things don't become well mixed that.quickly, which is e

6 conservatism in tne code.

7 So one has to look at cases if where, let's say,

3 during the first half hour most of the cloud stays pre tty

9 low to the floor.

10 PROF. KERR: That's the second time you used the

l' term " conservative" wnen referring to the code. Are you

12 trying to design a conservative code or one that shows you

13 what's going on?

/ 1. DR. 01LS Ro- n,v de nave had to use the conservatism
-,

n

15 in the code because of lack of .nformation, lack of data.

15 P R O.: . KERR: Wait a minute. If you have lack o f

17 data, you're s ur e y o u k no w -- we l l , I in te rru p te d.

13 3R. SIL3EREERG: Let me s art cack again.

17 When we started out with the code, a numoer of

20 areas ware to be conservative in terms of lcoking at tne

21 formulations and so fortn, and now they comcare, now :ney

22 describe accident scenarios.

23 Some of tne items in tne code like properties end

2' things .ike tnat, anc some of the codes wnere ceople were

: , , e .< .,. y ...,e2.w.0 , wasa'- ' =. =. - ' n. * '- '.a'.e s a. w a. - o.
4 ,

w, e. wwy, . . .. .- .w 6 A .. .

. f g ; .# ,T j''
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h ! conservative.

2 That's why we had to go into and make aerosol

' 3 property measurements.

4 Now t. example -- o ka y, what we would like to do is

5 where we can get the realistic behavior, the physics

o experiments and so forth, we will use th'*, We will use tnat

7 cehavior, where we understand it, and that is verified --

8 we'll use that oehavior.

9 Where we cannot get at something, it may very well

10 stay conservative.

11 Now containment mixing, for example -- Dr. Kelber?

12 DR. KEL5ER: Let me co mm en t very briefly.

13 Mel is going into a lot of the details. Our position

I
la is the f o llo wing . de would like to have a code whicn gives

15 realistic estimate for asse ssment, but where we know the

16 direction anc size of error introduced by various

17 a:proximations, so that licensing can, in making neir

15 a ss e ssme n t s , kncw wnen they are erring on the side cf

i? cverestimating the dose and . ave some idea of accut now mucn

c .1 . g o v. 2. o_ o_ - . 5.,.,.
-

. - .

21 No w it's nct always possiole to ao that with great

22 precision, o ut I tnink in nis case Mel is coming closer than

23 we have ir most areas in the past.

24 And tha: is wnat we me: cy a conservati ? coce.

25 ??c:. v.EPR: A e _1, y o u' r e n u t .8 more f amiliar witn :ne

cE. :: . , , , ,
Lv u'' s.s 's , r o ./* J
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4 bothers me about conse rvative codes is that it's easy to get

5 to a situation whe.e you don't knew what's going on.

.u, s e .3 , , t .1 ,s __.= - .rt:- :6 n. . .
. m

e o ..
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3 puolished soon and we see the collaborations with the foreign"

4 countries as oeing very complementary and very helpful to

5 our program, and continue to pursue these as we can.

6 ?ROF. KERR: Just for my own curiosity, tm.3r FRG,

7 you have some tning called "sourc e te rms." Are there experiments

#. S .4.m .# .1 a . *.a . .h.o c a '. 5 = *. o u d e c . . .' ^ a. d. w h .* .5 a .- a. " e .' .n ^ = - . .' a. dv - - . . , -. .

9 on there which would acmit ;omparisons?

10 DR. S* LSEREERG: Okay. In one area, like in the case
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'h I what they do in that area, how much sodium oxide burns in the

2 <<,..e.

3 PROF. Kr.R.D This is some combination of an^

4 experiment and analysis.

n.R . c.,1_ :n' G Q. :. n"G .- .P m ' " . a c .1.4 ''/ , )'a.s. r'.. *.. L'.' a' .1 y*d *
v , 7 _ .. -. . .5 -

6 9.. a. 1 = ~. ,' a. s v-d .i "m. .' .i . a. s '. a c .i .l .' '. ' **w 2. A M N A. '. _= .1.1 .' '. v, ., ..

7 Le t ne say that the largest sodium fires f acility

g . .

nappens to De over 4n urope.- .

9 Inat's just tne way it is.

10 PROF. K:.RR : Okay. Now in France, is there anytning

* a *. 4= ,. .l o s =. 1 v.ll * m a *. . . = . . ... a . =.* .i a. ',. o '..h a. .O'.S~. ' a . 4 1 4 '. '/ , o.<
e ..ie. .. y .

12 complementarv?e

DR. a-.. -., - ,,: ,f e s . ihe close'y comp,ementarv,

le2 t_ cncena t

14 part of tne Frencn work is work that they' e coing on the

15 HCDA butole with water only, a series of tests -- tne

14 : x,.v,g.. a.s.s ='. v-o..o^.la., wh.i 1 P . o '. a. 2 s o . ; a. ',/ ~ c. 1 ." .=. w e .e.
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'm I condensor discharge.

2 s g . o I : :c._o r_ a g : v. a. s . I +e > s " 4 d. .' .' - " I '. a. a o '- h .or -

. _ . . - . ,

'

3 characterize tne fuel sources. I..&.%'og using thermite, it's~

_

4 even more difficult in this ;y,ne o f tes t .
.

5 PROF. KERR: Now is there close enough communication

6 among these groups that they are reasonaoly aware of wnat

7 is going on in .:rance and what's going on at FRG and cak
,

3 didge, in yo ur view, so that you're ge tting any input from

i them tnat would be nelpful?

10 DR.SILSERSERG: Let me say something, and tnen

31 Dr. Kelber would like to say something. It's my own personal

jo . o. o. .t 4 ., , .<
-

1w n o. 2. o.7
- w . .f-i n- to "ava..' - . .h a. . a. .l a. . * c a.s .h. 4 - .".a . w - ". .' w"y y . wy w

la allow us to do more than jus read reports because I don't

la . w 4 .7k *..h a '. j".e* .m/
' - a = " .4 .1 -,-ayo..o, y^.u =q . . a. a. e s - . . .' f'a' '-

- . . . . . . . .m . . .

1e ,=~. ~ . ^ . = * . m...u c .". a u . ^ ' '.5 a.4
. . . e. r . - - - a . .. .

-
,.

17 Ideally, if they were to -- if, in other words - .f

13 w a. w a. .- a. a c .l a. .- a'.".."., ."m=". .l a. - , a. a..,.m,~5 -- ,- = ..- .- a.=
- . . . . r.. .

10 - - .' a. . o s a. . m" p a. _c r.. . a * * a. - a. , '. 5 = . a c u .1 ". - a. -

.a. - a 2 '.$" -

. v ... . . . -

20 s itua t io n , and vice versa.

21 In the meantime, we try to e rr ang e for periodi

22 visits, for exemple, at m ee t ir.gs wnen the y're ne re . We

2~ .. v, ' y- a w- 1.' a w-. n . .' a -- er2 . a. p a. ~.s ^- r s , = v, ' a. a' .a.-. a. ws '.' ".- sa. . -w -
a - - ^uw - - w- -

4~4 c o. .n.d . . o.. *w, m. e. . . . . . c- ..w o. - o. .er
v s. v . , .

25 Dr. Keloer?

- G'Y ?" #, * G, > Li w :%



. 3.7.no.1o _o ,- % .

o- 1 .n o. . .v,e_ _ _ .q : da. h a v a. a. .- , .l a m . ~'rta 2 .=. '. a '.':
- . . .

-

o . v .i .: 2_ _- n. . 2 4 , , w .< ., . .g g v_: A .i s .' o- o n a .' d a - a " .' a.e c ; e r r _ . d. v. a. . a u 2 a.i -a r -

..... . . . .-

.no.r ..- ,. e .e :-.-/ a ., ,
" ; c' a d. a * ''.'. a. c '. a, . a c. m.. a. n - a *. w a. a n . .n a. -a a. . o. , s. . .. .

4 the CEA in Craate to agree on the details o' a safetv exchange.

5 I don't want to go into the complex diploma *.ic

6 n' 4 e * .- ' .h a. -a , *u*. 'na. . a. s .1 t'*. .i o n c e .i *. 211 .t _e * h a *. = . ...e. .. - . -

7 y . a. s e . . '. .i .m =. , '. 5 a. ": A ' s " r .' . iv .' n , - r a ss u - a. n o * *m o " ^% ' a . = '. =.-- * -
. -. - g.. .

3 extens.ively with us, except within the framework of the

9 CASRI-NRC agreement.

10 'M a e^ n a. *. ^ ^. n a. b a 2 .' s , w a. .". a v e ,~ ~ o d . o .' a * * ^ . e . . .* e .,
-

. ..s. r

11 officially, we have no relationships.

12 T..h.a. . =. ' . - a. , w a. .h a v a. d ' '. .' .4 .- " .' 'm v, .i . .
'

2 a. . . - . . , .-a. ri a. ' . . - .- d'. .. . - ..

13 any prolonged length of time.
.

14 Now I am told that the DOE and CEA negc-iations
.

'a :. w i .t . 3.a *. U" -,a..'., a 'v ' e". a a nd. ^# '. *..* .e * ^ n '.h .e . ?ih a '. '. .n a.a'
. . .. . mvr. .
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h i Th is is a n instance where tnere is simply a lack

2 of internal collaceraticn on the U.S. side. And if there is

3 a f eeling, which ! celleve there is, that tnere's consideraole~

4 tech.71 cal advantage to be gained f rom mutual collaboration

5 in the safety field internationally, then I believe that a

6 recommendation from the ACR$ that the co mm iss ion t ake a more

7 active role in insuring that _this collaboration is enhance d,

3 would be very fruitful.

,

Y

) 10

\
JI

@

12

13

( 14

15

16

17

18

j,

me
dV

ulO

u-

23

.

d9

.-

w

D L' .k) . e i
- 1r



337 03 01 29

> 1 PROF. KERR: W ha t I was trying to determine was.

2 whetner, in your view, activities and people in the FRG anc

3 in France or sucn, tnat meaningf ul collacoration did or

4 coulc exist.

5 DR. KELSER: Co ul d , yes. Does exist, no, except

6 witnin a very restricted field, such as the CABRI/ACRR,

7 where we nave a written agreement. It is being nonored.

o un. o :G:7 Joe s DO: have some sort o,. 3 e g a .)
- -- -.-

9 assignec role in this, or can NRC pur sue this indepencently?

10 DR. KEL3ER: We pursue this ma tter ince pencently t

11 5. owe v e r , LG E ba s the ac van t age o f a 5500 million budge; base

12 to work from. And this i s a oowerful attraction. Their

13 safety program alone is consicerably larger than ours. We

i
la have pcin tec ou t, in fact, that so far as One safety program

it s concernec, if the CABR I partners were eacn to contricute

16 s5:0,000 over a period of two years, we coula duplicate at

17 :ne ACRR T.cs cf :ne test capacity now in existence at

-- ,_, s_ in:ni.i

iv W na: :ney are loccing fcr, nowever, is wna is

2C ccm:ng mainly ir One upgrace c a pa c i ty .

,, - . , _ ,_-- . .

ci rno.. s.:nn : I :n.;ns you answere: ano:ner

22 cuestion. I interpre ted hi s remarks to mean :na tney don't

23 have any prcolems :na money coulcn't so l v e . You saic

24 some:ning accut UK on hat slice. I go the impre ssion :na:

25 ney were doing some coce develcpment, out no expcriments

'on
./ L)' n. s " _

,

\ s_J )
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7 I were mentioned.-

2 CR. SILBERSERG: Very li ttle, yes. UK is just

3 over the last two years, just been ge tting inte the aerosol

4 area. They nave developec a code of their own, u sing

5 naturally some of our tec hnology in the coce. They nave

6 some observations, some iceas on experiments. They're

7 trying to get to some of tne separa te ef f ec ts measurements

5 cut they're Kind of starting f rom square one, as I

9 unde rstand' i t .

lu- .n
.

K.- R: anang you.d, . . :n
.

-

11 (Slice.)

12 CR. SILEER5 ERG: I just want to close oy just

13 noting two comments f rom One Ccami ttee on the program, anc

( 14 on ne first, the 1975 report, we agree with the comments.

15 tie woulc like to proceed in that direction, but I mign say

10 :nat in view of our current oucgetary uncertaintie and

17 constraints, long-range planning is in fact very cifficult

1: for us.

19 And sc, we're pre parec to acve into this area, anc

20 as our cucgetary situa tion clarif _e s. perhaps :nen we'll ce

21 acle :c in a future meeting ciscuss snat our plans are in

22 :nis area if we are indsec acle to proc-ec fruitfully in

3, ...a. 2 2_2 n o.u. - . - .r. c 3. a .. .. -. e-. .

2- Su: I believe : na t we .s ve the tecnnmicgy na:

25 alicws us :: proceec in:0 Or.a; are a ve r- *eli, anc 1 's ju s:

u 3. t . n a.1. . o J
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'

) I a question of program support.

,, - i-n: Are there quest 4ons7
-, ,

2 .- n o r . n

~

3 (No response.)

4 RROF. KERR: Now, you mentioned the collaborative

5 agreement, and Charlie dic, between you and the FRG and

6 F r an c e . Do you have any collaborative arrangements witn

7 0057

5 CR. SIL5ER5 ERG Yes, actually. Very good

9 arrangements. They're an active part of our aerosol review

10 group enc excnange of cata between facilities, visits anc so

!! forth, he information :nat they're getting in the CSTF,

12 w hi c n I just dicn't have a chance to go into de tail -- the

13 cata from that facility plays a very important ro le in our

I
14 verification crocecures.

l o- r R,J r .- ,

K, - _ .3. : I snou.u- ,now what CS_. c_ is.K:n

16 CR. SILBER 3 ERG: I'm so rry. The Containment

17 Systems Test Facility at HECL, wnich is a very large

16 facility wnich is primarily oriented towards air cleaning

19 activities.

20 PROF. KERR: Is :nere some relationship ce: ween

21 :n& anc :ne work you're ccing a Jak Ricge? Couic you just

li ttle cid about wha: :ne relationship is?22 say a

23 JR. SILBER 5 ERG: All rign:, the relationship is

24 :na: that's .arger scale sodi;m oxice anc :ne tests at Oak

25 Ricge are primari2y fuel aer sci anc mixec fuel sodium

a'. . %, ' ,t. )
.. 9

L
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i 3 1 aerosol crientec. In c:ner norcs, what the CSTF coes, it

2 gives us anot.9er chance to tes things at a .arger level.

, -- . , - - .e n d, e . t, ., R : N,ow in p., anning tne exper.4 ments.

4 involving nese two f acilitie s, is tnere a deliberate effort

5 to make the work complementary? Dc you plan toge tner in

o some meaningf ul way? I'll stop there .

7 -e e-n. -.n :::= o.G: We exchan#e test plans, we-s-..--.

5 ciscu ss te sts at meetings, inf ormal discu ssions. I think

9 the remaining te sts tha t are planned for CSTF and these for

1 v, .y .O p a vi,. e , . .,q
.. . 5.'.c '. = .' .l a _e y= *. c '. 51 s v e . .' ' .' c ' ~. .i o. r.- . .

11 proceutre, we will get cown to the table and actually,

' c' e ..=-c. ,e. ...vc.<av c. a . . .' c 'l .' y , I ' .". .' n u' ' , ~..^ - a. v"-
' ' - ^. r . .. m c. . .. .,

1.7 , e *. *. .i .+. , ...v 3 .1 v a. d .i .n .k.e .' . *. e s *. .T.a *. . .' x c - .1 = r. s a . .."~o
<

a. 3. -^=..'. g -.

( 14 facility anc nave sucstan tive ciscu ssions on things that we
10 woulc 1: 4e to see in :neir test matrf v in :ne contex cf our

16 v a. .' ." .4 c- o .' o n - .' c a. r '.' - a. .. . . .

17 c. * .e . a ' .e .- =. a. n 0 c' .- . . . ". r. ." . a *. .' ^a n. a ". -.v .. 3 . . .e
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! 2 I most of their effort is in the large facility, operating

2 t ha t in :ne tests there. The COE is not dcing any T. ore in

'

- . . 3 .t .o. r m u e e , e, y u *. . .h a *. 4 n * 5 a. .f .- O,.b. 47 w
_ ..e- 2. 2-.2 -

v -. .- . ... .. -

4 categcry, and as you look at that, i t enjoys pernaps a lower

5 priority th an 3 o r 2 o r 1.

o And _;, they're satisfied to move en wi th the

7 ecnnology as it i s ar.d l ook a t things like the air cleaning

6 dnich is.certainly very important and very meaningful, and

~ow a=. .- e .' s o.4-". " e .' e . e .' r.e .1 . . 4 , ,,-

..w.o. - wo./s ,e. 2 --y v vo - r. . e r .. y .. . ..

IC a c:i cent sc e na rio s.

11 What we would like to do i s get a ccmplete handle

12 o.n oe r..y e .i c .e , va.4'/ ...( - ~. s .4 e .
--

.. r. m

13 CR. SEALE: You've indicated that your 'uture
r
! 14 plans with aeroscis are scm e w ha t hostage to budget

15 uncertainties, and you've also indicated that COE has at

10 leas: some o' : ness activities on a relatively like, lower

,- - .< , ., 1 . ,/ 4.. .-,4- ---n.,...4 / g. s . ..a... r. w y. .
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JJ/ CJ C6 3 *,

i , 1 own blanks?

2 DR. SEALE: Well, botn.

'

3 LR. SILEER5 ERG: First of all let me say that

4 tnere isn't one aerosol program in :ne worlc :na puts

5 toge ther in a planned wcy tre experiments and the analysis

c and .actually gets going down the roac towarcs completing .ne

7 joo, what I call verified technology. They talk abov* it

a but it's no: visicle. Curs is visible s we put our carcs on

9 the table anc we say, vou knew, we're pu tting -- in te r:ns of

IC verif ying -- wha t we're ceveloping.

Il Ncw, too, in the case Of .:rance tneir aeroscl

12 program is really minimal.

l a, P n., o r_ . . senn excuse me, V. e ., . You mean tha t you
.,_,, _

!
l- think :nere's ac tivi 'y going on :nat isn't available to you,

15 or :nere just isn't organized ac tivity?

10 CR. SILSER5 ERG: I con't celieve : :'s a s precisely

17 organizec 3s ours, as well organized.

16 ? RO. . KERR: I wa sn ' t sure what you meant.

,, n- c - :- ,<. -n. - .r :n .= = . . v : -, .2.: . s .t y - . a . .s .-
_ 2 2-....n...-..--- . ... .,

.

w
s ,n 7...e .'- . . ..i .n c, = v c u . ...a. .: - a. .n .". r- v~ 3. = .. -- w c^ .i l , .' a. . o. =-

. . ~ u= /us w y
4
.

o
i ...< s, . . , . : - a.., .. a - a. "e<.4..~ ^ "u - ca- sv.' .- v.da u. r'..a. n' ." 7 ' o .-s e . .. v -. . .

22 licensing along witn one of :ne German ccces. Tney're ".apoy

23 to use : : anc :nat's very well known. They are acing

-

. - .t .i,, n o . . . .< .,. 9 .ee.. e-.- . m. a . e . ..n..,.,n . 2 . , .m - , , co-2. m e .4- .w y -.. --y. -..

3;
m. a. v e n ., . a e . a- ~...z . . .+. g ,y, e .i n ~. ^ g e e 2.,. - .n , .-. ^=~2 nn.u.a.

m
.

- .e-s - - - . . --- ... .c-

s

1
. .
#

,X %a 4**

O J . . u s>g d
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' l 1 rictly cone, agein, mostly f or sodium fires and f or air'

2 . .i s. ' . . .' . . y . 7. ., e : s .m. e .- a .' d a ' a c. '. . .i * " , w n.i c h .i s ' ' n a. .-.j.

3 construc-ion now at Cadarache, wnich is a full-size mock-up

e -4 of One secondary system o. cuperphenix. ine socl um e. 4 r e

5 crientec, primari2y, they will aerosol measurements. Oney

C w .i .l .l * . "j *^ ^a* . .ri v a '- Vs" .i n *..h C .e * 'e he 'y W .i .l .l * . V, * o y"".a_ d .i "*
. .v y-. o - ...e . , .

7 tne aero sci tests.

6 Eu: the r e is no concerted effort in terms of
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e n, r . s : n.g : ..ie y w e reconvene, p l e a s e ,.-- , ,

'

3 Next on :ne agence is a cascription of AM.= fuel

4 failure stucies,

m
s u... K_t _e rx Ies .i .: K e o .4 . . -od , , c o. .c s.4 .,

- -2 4 .,. .4 . ,m e .. .

c from ANL, wno together witn Terry Hummel ha s ce en

7 instrumental in the collacorative s*udies both with the

8 European communi ty and wi tn the Unitec Kingcom in tnis

9 area.

-- - . , - - - . .10 e n a, r . .s e n., L a n v. o u s c e .3 ., n;s name, Det v. o u.

11 can't.

-- -, -,le, on. .s:_ :s A.e can, ou; e can cc 4: even center.

la, M .q . 3 . - ,. C n. : he nave cean .,nv'.3vec in cooperativect1
.

!

la studies cf ce: ailed comparative whole core acciden; analysis

15 studies witn two main codie s in Euroce, one, :ne United

jv, .~s .4 n yc o i.. n . ... 4 . . e . y. j . o . 4..... y,: .ain.;y wie., .ne- - 4 4 . o ,, 2, . e.og._e . 3 . . . -.

1 ,< n;stey, :ne o:ner ceing ne ruli Core A ccident voces care )
-. . . . . , , - .
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.

2 .~ C n t e X* --
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r .J. , Arnn: Yo ' Sa i d ', we had CoCperated.n
. , -

.-J

1 -n . ,,,m so rry , ARd,, f or whic h i ana
-,,, ,

Mn. riccILA.
-

5 Dr. Hummel are the re pre senta tives.

.i na n.,< yo u.,- .- . , - - -, . nd . n:xn.

7 MR. PIZZICA* First cf all, I'd like to hi t some

c nignlignts a s to wha t I :nink we're getting out of the

9 programs en a tecnnical levE . We're pursuing Onese

10 programs and we ex nange idea s anc moceling cerf orce , merely

- = .' - ' l = *. .i a .n s .4 . .;; of ,ca ..-4.ca.in3 ..a. "a.*=i.'ed o.. a .ison-. ' - '
- ..y . .
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.

.
. e -

l e- . n e s . .a. ,c i . e e r o. 2. 4-o.n.
<y. ,.- .., .o. .- . n . . .-

13 Also, :nere are c ner areas of acceling that the

( 14 Europeans are perhaps somewhat le ss so phi sticated than de

15 are in :erms of fast reactor safety modeling, but tnere are

16 m an:/ a-a. a c .' .n .v...'... ..^.e y a - a. .'..c - = = _c .i n 9. s . a .' .- _co .i.4 3 .i a.ien
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' ) 1 P RO .: . KER?: When you say modeling, I could come

2 tc :ne conclusion :na; you nave all the cata you neec. You
-

3 just naec to model it.

4 MR. ?IZZICA: No.

5 0 R 0.: . KERR: I shoulcn't craw that conclusion?

6 MR. PI ZZI CA : of course not, no, not in our

7 cusiness. I con't mean to give :nat impre ssion oy any

8 m ean s . We werk with of course, we build mcdels Occcraing--

9 to any existing data case f or particular ce: ails of ne

10 calcula icn. Ocviously, we can' have an integrel data base

11 for reactor calculations, but we must be satisfied at tne

12 presen- time anc f or some time to come, I'm sure, with

13 parametric variations and testing sensitivity f or the
#

14 pur pose of wncle core a ccicen ts studie s.

15 Tha t's simply a f act of life.

16 DR. KiL5ER: Pnil, may I break ir? One of the

17 topi cs I woulc like to discuss with you later is ne

l- - a. c .^ .....e n - a . .d. r. . e 3 a.-~' ,,^ ...a. e " .' .n .i . .' ^ r. ^. '. .'.7 .' . a. =. c . .i r -. .

"^
-, .. - ,

], , . , . a. u u .' ", a ^. ~. s . ~^ae - s . .= . s .'^-*^a, ,,/ y^ o. s o' '. -s.."^..-..=..a.da..'^.,.^.* w o.
^a '

. ..i., ... . . - ,

20 wil. make comes ou cf :ne sensi-ivities anc insignts

^ - 721 g e c .i.n ^ ." o ~ ~ " "..s O 'w w .^.4| -o u .c ~ . . ~ . . ' .e .
~ ~ ay r v. .

49^ - 7 t.y . . .;
e . 7 7 ' u^ .~a. wv u.: r o. . 2 4 . 1 ,/ a f.- s. o. ,9.< ., . .c- o .en -

l A w . . - ..w

S- -

.o. w-,' o.a .' .a. n. , .: < = .;. h 'e r . L.w o. T , , n v- o. . .c. . . o 4 .. .p .q . . u .A i . ... ..

3< , . 7. 0 w" ^. *. , o' 'u' ~. T. r" ." a. c ' ' .. w" o . 'y' w .' . .I* ' . . . ". e ' s '. - . . ~ . a. ." . 3. .*
^... . .' . .'* "^ ' '"" "m* u.. . . . .
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i MR. P I ZZICA : We can broacen our perspectives witn

2 respect Oc safety proclems, whicn depenc on certain a spec ts

^

3 of reactor cesign, since they have ciff erent cesigns than we

4 cc. I've given some examples tnere. Also, as in any whole

5 core accicen calculations can test the sensi tivi ty of final

o results througn parame tric changes, we will gain

7 uncerstancing anc an idea as to where modeling improvements

e are n eecec.

9 enu.. . senn I th., n k =c , .s_ b ro ac en , n g an d-- - .,_,-

10 . perspective are goed worcs, out can you tell me something

11 t ha ycu' re coing ?

12 MR. PIZZICA: I cid give some examples. .or:

13 instance, very prac tically, s.ce ci f i cally , :ney have bo::cm

la fission gas lines wnica increases, of course, :ne inertial

15 resistance in expelling slug in the voicing proce ss.

16 Iney'll nave a smaller u ppe r slug , decreases its inertial

17 resistance, so you can cicw cut :ne upper so ug a lot faster

16 anc jou can voic :ne .ower one, c cm pa r ed Ic a L'. 3. de sign ed

,, -. , - ae < <iy . v.,., .=... ..2- v. ...o.-,e... .. o .o. ... . c. = - w v . ...~.w.-._e,- -. ,
.. .. w .-w . . e.

2C :ROF. KERR: Have you conclucea :na: :na:'s good,

<,i<<
.l .ac, v.

, -.
s. . .

, .- . , ,,c .; u n a..-..~...e ,ow,. cJ
-,.. ~ / ,. ,n,. . a ..ev, . we... , . . w

22 ,MR. PIZZICA: I woula .1ke o oc a 10- more

w w .'
-- w u . C w .' v^ .q s w w .-a"--a 7 ..e a- a a< h v, - - ^ a w-- '--- = -wew=eo_I w s 'w w-. 2- w. .a wdd w a. e

- -J ,w. w w- w. v

-n-41""w.- .i.. .,a . .a - =. = . n' .' .' I?' ="- = ~. . .' .c = v,w* -vo.. a.c - . . v= w-Awv a. w . .a w

C .' . - . .w. .m. y . .e .^. e .".aC c . ~= . .i ' = . ~ .' .c = . " . o. .Y = o~. .' ^#s *c *- ^
a. v. .^v.. w c. ^=7c.., w w w - .. .-
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o i pressurization, yes. sir.

2 PROF. KEORt b r. c' , thank you.
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] I "R . PI ZZIC A: Just a last point to emphasize t ha t

2 unie ss you ac :ne se ce:ailec calculations anc compare 't

3 witn scmecne else's incependent ce: ailed calcula-icns --''

4 now, I can' meant :na their mcceling is all incepencent of

5 ours or ney were inspirec oy the U.S. , I can't mean that

c cinc cf :ning. I mean :na if you take a carticular reactor

7 calculation anc :na 's an inde pencent calculation, you can

S o f te n s po t cifficulties in your own coce that you would no

> spo just looking a t vour one ca' culation without any t hing

,e < .,n,-a..o oris ... a. .. ..

^ u .- u ..c .m " .4 _e . c '. a .' .' . 7. .m. e;j .- g. 2 n . . . ,
sw . . a. .e . . , a.v . , . ....

-

-. uy- . . = . ..$ a. e *. s i .n _: " _e _c a .' s y ..". a. w = "y , t' w i .1 1 " ^ o .- =. v ' a 'e .i c a,.s . . v - . - .

13 anc call, since 1 's :ne whole core accicent coces working

( 12 group, I'll call it WAC frca now en, since that's a

}. .. C . , . .a.A w .i.,
. u .

|v- (' s; .1 4 m e . )w
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w7u, as ~ .:
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'

: I .mean cf course -- I procably don't nave to say this -- out I

2 mean :na voicing in higner powerec cnannels will oring the

: .-,-. e ...a . g ,. y .4 - 1. s .+ . v. c ' e- - a r.. g . ve..4 =.1 en .o *2 < s , .53^s
. v .. . . .. . .

a power levels sucn :na t pins in mid anc lower powers,

5 suo-assecc.,;es will excer:.ence e s s e n t i a., ., y _c e, conc :.,cns. . . .

i
.

o and :nere may ce some or all of the sodium in :ne channels

7 in :no se low or r.ic-power sub-assemblies still.

_.. ne:'e wa s a. so a cne co .3., ar a s e conc 2 0, P,-

c

- - . - e .! u, . < ,. n-2, ~, -n- r e .' m.s-..s_y ...a 2 3 4 1. ^ 4 v 1 3.ew.~4 .w2Mr e- - . .. . .- ..

1C (Slice.)

!! Eigh; now, I want to begin to ciscu ss the loss of

12 flow ca.culaticns :na; we cid as cart of the

13 J.5./L. ;. bilate ral studie s. :irst of all, we cid a loss of.

,

la flow calcula: ion, wnicn is a flow r un down , a pum p runcown.

i :s . .p. e< c. m 'i a .' 1' a. x . .l u ^ =. ~ * * e v^ s s .' " .* .' .4 '. ' c '. .' o s o .a '. 1^wm 4ei ..._ - ... r . e

]% . .e d. y 2. .n. . 2 n S .i e. .n. . .m y o. . p0 g e .w 2.q m. .l o C a ?. _7 C .^. a ".n e .i s, .' ". '

u^ u ' .- a.f. ;y .

l '4 .es .a .4 1 ., C . w ., . m. z.q_qr -ece. -e ., 3. a . a. m. .t., .e .A . e. p ~ ~ v .j .o /c fu2 .

. m o..4 wn- .s. .. -v . . .. . .
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3 i you a ssume tha :ne wncle channel is availacle for the

2 movement of materials. Before we allowec any LOF-TOP

3 f ailures we ran the LOF with anc without actual exoansion
^

a reedcac4. By with actual expansion feedback, I mean 80

5 percent of :ne reactivity f eecback, which would have

6 corresponced to free :nermal ex pansion , anc that f eecback ,

7 when it was inclucec, was wor:n about negative one collar.

5 No clad mc tion c ccurred before pin failure, if you

9 e xcl Jced the los. of flow TOP, you got mild voiding ramp

i : rates in the vicini ty of 10 to 15 dollars a second. There

li was a quite small potential f or LOF-TCP condi icns in :ne

12 case :na c incluced axial expansion feecback, because if you

13 incluce 9gative a collar from the feedback, you have to
.

i 1, increase :ne voicing of :ne core to get an extra dollar cut

15 of the socium -toicing.

lo
, , - t n: ca==n G: vou.c you brier.,y review w ni c h

. .-. . . . _ - , , ,
-n. .

17 reactor ycu're analyzing, you knew, wna: the fission gas
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3 ne ga;ive plus ne core po si ti ve to the zone core Pcmogeneous~

- anc wnatever else.

5 cray. inere's a significantly greater potential

e for loss cf flow driven TOP if you excluce actual expansion

7 feedcacK, because you neec to nave voidec less of tne core,

5 remembering tne nega-ive one collar nere. At the point w nen
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I r e pl a c e c , we also ". ave includec o:ner options f or pin
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. .. . m . _ . v_

, -

e ssentia,ly i t's qAo-a, wi tncu t.2
-

. s

, , ~. t A n e ,e,. K . peo p.3 e were using a code- me. enJr. A .n e-

5 tr.at they had de velopec ?

23.pr_uIun.. n .4 .,. . , ../., .a..ed r..A _cX2 I..yL: . - :- -*
. . .v 3

- coesn, cc.mcare in so phistica tion witn cAa ,u. As long asI
. . . . -

o you raisec :ne sucject, I'll point ou t one of :ne major

ceficiencies in moceling of :na: coce, tnat is, it does noty
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/ 7 1 MR. PIZZICA: I really can't think tnat's a

2 question for me, not naving run SIMMER.

-s 3 PROF. KERE: I;'s a question for you. You may no:

4 Tave the answer.

5 (Laugnter.)

o MR. ?IZZICA: Aosolutely right. Perhaps I could

-

leave tna: to ur. K.eloer.i
-

-d-en, e. aann : .r , your answer is, you con,. k,now,--,e . .

,
2 " a c *. ^ -"y .e.e .7, s u, . .d.3 . 3 -

.7 -. ....w. .

10 MR. ?I ZZICA : I'c rather say I con't know, since I

11 naven't r un S I Mt.(E E .

| .9 n. u= v, ...

1, _n. .:n::R :
, , - - -

-:ne .iates: quarter., y . rom r os A.iamose

I 14 :nat will ce out in accut two months will have a cescrio ion

; o- ot a C;.?arlson oe: ween cAO se or aA, one o' :ne cAO-J
, . , . g, , . . - -,
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) 1 suo-assemblies. :ney were treated witn :ne EPIC module in a'

2 Kinc of cu. s t failure moce where pin geometry was creservec.

P 3 Currently the only choice is either SL.JMPf or EPIC

in tne cAS-3J/E.:IC coce. SUJMPY has .the majcr limita tion.

5 :nat it canno: ce triggered in :he .cre se n c e o f liquic

0 sodium, such tna; if you wanted to use a code wnich mel ec

-

t.Jougn anc there wa s .1 ui c. soclum at a part,cular noce,
,. .

I

6 wnere you wantec to 30 -his i t would be imco ssibl e wi *h

SAS-3D.y

Ic. . . . _ , 2. .e. .e. . . .,. . 4 ^ n " a. ." 4 n c .C n' C ' s' . .e * h. = . w o u .' md *e'
-. . . v .. v

11 u n 1 .' .s. a. .i -y, w . . .i ." . .aav, .. a. ."., u . 4 * ' s n c * i ... ..~ e - 4o. 7 a. .' ^
. .

12 ?RO?. ' E ."R : dow, I coul: concluce from somtning

13 lige :nis tna; you'c nave to know a gccc bit accut #nat is

1,
-

-- :. . m, .., r,e.n.in ,, .o ...a. m s .- ,. ... c ee. .o t,s e . .u rus ..se., . a . .u.e . ,c, n,
. .- ,

.
.

15 vice versa, whicr woulo ce tha: :ne ccce wculc tell you
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i I corde rline c nannel s, aomi tteoly. And tnat is, in fact, O ne'

^

e purpose o. :nat s.1ioe. .Cor some channe.1s, nowever - .ind

<^ 3 fac- I woulo say the majority in most of the cases I have

4 lookec at, in all ne cases I have lookec at -- the

5 majority, it will be oovious wnich to use.

o Tnat may not be t he case for all reactors, for

7 he terogeneous core mayce; I con't know f or our homogeneou s

S calculations that is tha case. You have a fair amount, for

9 instance in :nis reac tor, of quasi-coherent voiding. In
;r- a .. c u '. - '.' . . . .i . . a - o w a. - a d .n a a.n e .' s ...a. - .' a- 4s va..v. ..o ,

-
3- . r . . - .. - .

!! .i . ' s ". a. . y ^ - ". .' - ' s . . .a - = ' o- .n o a v d .' " . *ne.a. 7 '. ' s v a. ". "y--

.. . . .. .

;a- es ,umy.4 v u, _e .-..e . . .a . 'f ^ " ' w = . . . o "se a - c "o m" .O v. "y e ..o e u .' a .o
. -

13 It's very obvious in some other cnannel s that you
/

( 14 wan :: u se c e r. . -inere is one ana; is rign in :ne
--.,

: 3,=.11 a. m' b e .'..y- = ' 'v" o v e . . .iG a. .n a .n e .' - 4n 'aw- , .=r so .:e.-- -- y , . w . , . .

}6 "e Ow w m e s V.' .' ..". .. - -.D.I", _c ^ ~.. e - S ' ' .". O V ,-=- *
ai.u y* *s u ' .- 2 . .# ^ * *: C maw v. 4 y..,

17 l''s ocen to c. ue s t i o n ..

10 P E O.2 5 EE: .i c W , dna: WEs i :not you Were
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4 European ecuntries, Oy the way.

5 Eut we wCulc want 00 make an estimate Of what the

a ". .i = _= c e .'. C ,- w0n-i.'..i n. w~o 4s . . .< o p. _e wa L.1 "o .e .~u". .. 3' ' - a .n d a ". . a. ".
4 -

. a . -- os . -

7 t ne t is a promOt Ourst wnen the power '.s rising very
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sh I pre.ssure dif fe rentia ll y, app 1ving it uniformly over the fuel

2 region on an average basis.
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n i PRC.C. KERR: Have you thought about wnether anybody

2 will e ver ' e acle to cal: alate gao conductance in ac

"
3 satisf actory way?

4 MR . P I ZZIC A: Yes, I've thought about it. Mayce Dr.

5 Kelcer --

6 CROF. KERR: I'm trying to get an idea of wnat.your

7 group is u.o to doing.

3 MR . P I ZZI C A: I do n't know. I'll give you a oersonal

9 answer to that. I've thought about s imilar cues tions . This

10 isn't tne 0,1y thing that we had difficulty calculating.

11 PROF. KERR: No, of course.

12 MR . P I ZZIC A : There's a wncle category of parameters

1: 1 4 > =. '. .m a *. a n " .* *. > 2 v a. -' d. .' .' '. 4 - u .' '. . .A. l .i 1' a., s a v. 4 .5 * m a *... -
-

. . ..

( 14 we have to do tne cest we can with what we have. I don't know
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h 1 PROF. KERR: If it is, then no ma tter wnat sort of

2 model yo u assume, unless it has some sort of statistical

3 cha acteristics which say, you know, this is the averager''

a beha vior , or i t's .:ne typical cenavior, it isn't a mechanisti:

5 cehavior.

6 MR . PIZZICA: C e rt a.in l y , you're talking aoout the

7 average pin because you have thousands, tens of thousands of

3 p ins in a reactor.

9 , . a. . = .' n.' 'f , v. o ' .h = v a. a. s '. = * .i = '. .i . = .' * a. h a ". .i a .- .i .n;
. . _ --

10 your favor. You do have th a t working for you. You do.m': nave

11 * o w . m..'. a_ _ o " *. n =.i u ' _= c ' u . .' . *, a. '. #. a. . s and *ha* k.ind o. .' . ' h .i .n ^,. . . e. . - ..
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13 Su -- we re you going to add something?
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-h 1 But the whole picture has to ce s een, I tnink, oy

- D.. .'.a..'^a... A' n "w I'm .q ^ +.0 ,~= n 'f o' ~.5a. o . .*. a. .y . o . .i .' a. n . ..a.e-
.
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(~N 3 areas. :or example, aero sol transport r e l ea s e . So he has

4 to calance funding.

5 PRO:. KERR: Wisdom is a commodity that is in very

6 short supply anywhere. And I'm trying to find out wnat tne

7 source of wisdom is in this area?

S JR. KELSER: Bill, you just missed a source of

9 wisdom on'tne preceding slide. Pnil, why don't you put up

13 . .n a. .- a. - a. d .< .n e 5 ., .< u ,raap w y

11 (Slide.)
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:n i PROF. KERR: What is the ante ceden* of tne "tnis"?

2 sn. .< = L ., n Anese calculat ions . n oow tne reasonv-, -

O,

r~s 3 that I'm kind of interested in this is two-fold: A, t ho ugh

a there are sone possibilitie s by using a type of . Courier

5 transform theory of neat conduction to get some dynamic

6 measurements of gao conductance, these are very difficult

7 experiments. The prooabilities of a success are low and we

S are evaluating that.

, - -,7 . . . .

v ine ,r. n. program is consigering it, but we are,

e w

l v' a s .e '.. 4 ". .i r . 7*'2 a- d .' '. ' .4 - .1 *. .ia^ o , .i .n. c +u9 a. . wo."s.s w . - . wu -- .

11 Secondly, it i s clear that in a ma ss calculation --

10 " " a *. .i _ , .# r. a . w= .' w e' .! = *. .+ o . . *. h a_ * v a. r c s s. q *. s * .". a. m_v a-=~a. o.o"av1 --a i^
.. .

--
. . . y . . y .

13 of several thousands of pins, you are no t inte rested in tne
,

-
la .crec ise oeha vior o f e ac n .oin 9 out in their average oehavior .

15 And it's very likely that knowing all of the deta'Is o f what

15 haccens in any one pin 4111 not tell you a great deal aoout

17 w a *. .g = y w g.e s .i .n ". n a. .= v a - =. ~, a. .o . . .
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7 held con tant over the transient.s

3 No w f rom a very naive point o f vi e w , a constant
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1C that * would expect..
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n 1 to assume, as they do in the lightwater codes, a cons tant

2 value for the gap conductance, and if you tnen vary that

- 3 value, you don't find a great deal of difference. It tells

4 you that the re is some lack of sensitivity Pere.

5 Now we will have to explore in greater detail tne

6 lack of sensitivity.

7 RROF. KERR: To you that says more calculations, more

3 pa rame tric s tudies .

, ,. . _7B:R: _.

.ne y are r e.at ., ve.3 y cheap and f a st ,,K:y _n

10 compared to the experiments at CASRI. If we have to co them,

11 .d s .t .1. o h 2. .. .s
. .

12 PRC~. < ERR: But no:ning is cheap and fast if you

13 don't get any information out of it.

k. 14 DR. KELEER: I agree with that, Bill, out we ha v e

15 to kn w wnat experiments to do. It is just as dangerous too

16 convince yourself tnat a certain outcome is desirec and is

17 needed anc do an experiment wn i c n is designed to produce jus

.: .n2 ,.. .-u,.... . -. .-.

I? ae have to know wna: is :ne crucial thing 0 test.

20 ??CF. KERR: Please proc eed.

--
ci ( 2 _1 .,' s. m. 3

,

22 VR. ? I ZZI 2 A: Our studies nave led us to conclude

23 Ona; we have many areas Of imo r o ve m en t , The mocel-loading

-

c4 of ciec oy sclid fuel exoension is an area we would like c

7: i-
. s* i . ,- .- v o. . ^=. . . = .'...: v, , e u. -.v 4=.a- . = ~< a:-

. - s nv a n .. s = . 4. .= / - a.c -
us s .

, .< c .
Q Lb , , * "E
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h I impcrtant transient fisslon gas release, motion of fission

n . *. - .o.i o. a _y . W ,. .r a a d c o. . *. a - da'a, w h .i .9 is? ,2_ 3 < n. .< , .e - . m .. g- . ..

~'

3 an cbvious point, on clad croperties and the new low swelling

4 allovs.

5 And the bo ttom line has been thoroughly discussed.

6 But an additional point with respect to gap sizes on whica

gao c nductance is also dependent is that failure by7 o

S d ifferential expansion or mechanical loading of glad is

nighly sensitive to . is.^

IJ PRCF. KERR: . tnat last statement, failure oy
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13 de artificial wnich would indicate that result, whicn would
.,

la not take into account tne oo ssicle re-ad justment nat takes
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in i C o c e W' L< e h was cevaloped.I

7 --

.. a. . a ". *. c '.*.a. - ". " .l '.' '.' .' " ~. .# o n. a , .T o a. .' l a. y o. , * g a +." . . . ..

-- 1 1nC.1u 2 + . .f g . T. h .s i o s .a..t a .. n. s . u o l d
4 .l u v.a. .nWo, A A. , a. n e-.

4 e aw. . . . 4 -- -

4 others.

5 Tne calculations showed tnet this can ce a possiolo

6 cause of clad f ailure le ss than . 003 centimeters. That was

7 .m a. c o a.u i n .e .' n o '. *5a. s ud.fas. 7*. w=s = ga-=..a.-ic .e*'ay. - . m. . - . .
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. - . -- - s . .

, ey c. .2.. -.

13 PROF. GOR: What does one mean cy "need ce :er
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n 1 clad is very significant.

2. PROF. KERR: The ceoole T. akin; nis test, tnis

3 r e c o mm enda ti on , view this as something nat is attaineble in

4 some fashion.

5 '4R . P I ZZI C A J Passibly, but a ga.in , I think that

6 that's be tte r directed at an experimentalist. I'm sure it's

7 attainable to scme degree. I wouldn't be able to judge the

3 degree to which that data base is attainacle myself.

9 PROF. KERR: Thank yo u .

IC MR. PI ZZI C A : There's some other material to review

11 on the TOP and the ri AO round one , wnich I won't go into. It

10 w=s - -a. c a. ..=. u" a. '. ^s - a. . = . ~ '. .^. a. r a. ' z- g . " a- - .' y n.o n, a. a d.. u .
^d -- - *^

u .
- u..

13 re-enonasize it he re . Ine re is a viewgraph telling you the

la present status, which is essentially self-explanatorv, about

15 the present round of WAC studies. And I will skip to this

16 last slide, however, since I'm r unn i.,; o ut o f time .

1, ( c .: .4 s . )o

13 Anc talk acout tne modelling n ee ds anich nave oecome

10 oovious as the result cf our calculations, ano I think this

0, --,2 -awg. .,2, .2.:..o.. , , , o. .e . 4 3 '. a ,. a ,a..a.- n. a. c . = . A .4 .= . .- .
<

av yw .. v v wa s. . w w . . -- wv ..

- <c3 ..a=.., .c.,, -,4.~ ., .i.,. ..,o. ..--a..: <.nn- .. -i -- . - .. .

22 PROF. KERR: What is the significance of tne

,
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4 Just a ssuming that there's a co rrelatlon cetween

5 75 percent melt f rac t io n , that kind of thing. That's not

5 me chan is t i c. Loading by fission gas pre ssure, assuming tna

7 the hoop stress you calculate with the fission gas is an
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Th i No w that ~1ves you one value of parametric studies.

2 It shows you where you're modelling needs perhaps lie.

~

3 Yes, we do lack the resources. Everycody lacks

4 the resources to go into all of the areas of mocelling that

5 are needed. It's a matter of time and priorities.

6 This is our laundry list. The re's an adequate

7 treatment of ejection of fission gas when the clad is weak;

3 for instance, in a partially voided channel, LOF, the clad

9 temperatures are very ho: at the top of the core. There coula

13 be enou9h f ission gas pressure to ours; tnat weak clad and

11 release 'ission gas into the socium oucole, wnich would have

. a y .l i c 2 *.'..s '" .72*a.- -ij_, < -
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14 that less fuel fission gas is availaole later on to,_

15 pressurize and, thus, expel it into One cnannel.
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n 1 temoerature calculation, which nas a bearing on pin f ailure,

2 and also, disa ssemol y conditions.
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4 SAS-3D/ EPI ^ code is totally inadequate where pin geometry is

5 tota lly lost. In other words, tne EPIC model, at least, if

5 not tne SLUMPY model, must assume pin geometry. There is no
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.n 1 since spoerently tnere was just a study done of the :omcarison

2 wi th S!'/V.E; and SAS-23, cne only difference in sucn a

3 calculation would ce the extent of the reliance en SAS-FCI
<

-m,. as orocsec to cr.7,v.

5 .No w ;f nat calculation,.which I haven't seen, really

6 aces rely on SAS CI very much, then it mignt be fruitful.

7 If not, it would not.
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JJi V/ ,l 3Jv

'r 1 DR. SIEGEL: Bill, I'd like to ask you a

2 ouestion. You say the exercise of examining the relative

{~ 3 acility of the two sets of computations to do sometning, I'm

4 pu zzled by your use of the word ability. I' m lost as to

5 what has oeen compared, they're two different codes

5 a pp a re nt ly , two differen.t comouting approa ches that come up

7 with some different answers. Has that dif f e re nc e led to

S illuminating the modeling needs somehow?

9 MR. P I ZZIC A: In certain res,cects, definitely.

10 :.or instance, I didn't really have t ime --

11 DR. SIEGEL: I gue ss I don't nave a good feel for

12 the whole process, in its entirety. I have a f eeling tnat

13 these are two cness playing co des compet ing ag ainst each

14 other, which can't even tell wnich one won.m

15 (Laughte r. )

i, s n. :
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1 In the U.K. Instance, or were Venus in the Belgian and5 -

2 Gerr.an insta nc e s , a code called CADUS. Now tnose 2-3 codes

' 3 make certain a ss umptions. They assume, for instance, that

4 if in a certain cell, a 2-D cell, and rememoer you're go in g

5 from one-dimensional representative single-p in gecne t ry to a

6 2-0 mesh, wnicn is a radical cnange and it's an aroitrary

,

/ one.

3 Just nalf way in the calculation :ney assune that

9 if there is sodium in that cell, tnat the tnermal exoansion

IJ of the fuel, once it reaches zero vo id f ract ion, car

J1 pressurl:e that sodium a ccording t o th e sodium bulk nodulus

19 =nd -. a. = *. a. a .4 r.y' .' a. . n *. . . a *. . a. .' .i'.r ,' .
*-

^ n _= _ a_ r . a ss u-a.-
.- .

13 DR. SIEGEL: Can create what?

14 MR . PI ZZICA : Single pnase pre ssures in tne sodiums_

15 liquid. And those are very hig.H pre ssures i mmediately , as

l$ soon as that zero vold frac-ion is reacned. If tnose

17 pressures prevail, all -he material again at the switen-over

I: -n<,. 4 4. . .3 . . 0 7 ,. , =. 1 1 ..,. ,. 4., ,.1 , . ..ie . .i _m , ,. .- . n ,.- ,
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3 1 Ae haven't gone too far along that road, out I'm'

2 just saying we did this comparison in the disassemoly pnase

3 and saw radical differences in our calculations cue .o the

4 different modeling. We still preserve the single

5 represcntative pin SAS type of calculation even af ter the

6 so-called disa ssemoly switch-over point.

7 They switched to a whole otner code, a very

B radically different code and we saw drast ic di ff e renc es

9 coming out o f that --

1J DR. SIEGEL: How do you proc eed to try and resolve

11 these difference, by simoly pnysical plausicility or what?

12 VR. P ! ZZI C A : nell, I succose we're net going to

13 have t oo much of a whole-core data base. There is a certain

14 element of that, certainly. (ou have to rely on arguments

15 such as, it's very artificial to move from a calculation

16 which does a single-pin tyce o f geometry and sucdenly wnere

17 tne clad isn't acving, the fuel is not a s f r ee t o no v e ,

15 since it's oeen constrained oy tne clad.

10 co.. aus .. 2s-.. o4n , , n ~- .1,. , . - . . . .

- se 4.e-. .. .. . a s .- ..

20 limited mainly Oc one-dimensional motion. It's a acical

21 difference tc go to tnet, a 2-3 calculatior wnere suddenl.

22 everything can move and it can move radially as well as

23 a xia lly , and tnere are no constralnts on its motion

2; radially.

25 PRO:. K~ R.4 : Co ul d I in t er o r e : your answer to mean

Us vcg
/s t, (_i
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s os,- -, sem,sas,

) I that it isn't really clear as to how one resolves the'

? m .4 .e < o. . , n r. o. .c .o- - . . .

3 MR. PI ZZICA2 Well, Onere is as I said, an element

4 of judgment, a judgment factor in saying that it's

5 physically plauslole to resolve it in the sense of set-ling

6 a question in pnysics experimentally. I think it's very

7 diff. cult to do this on any kind of large scale.

3 One ccn do it on a single-pin scale, and say :nat

9 it stands to reason -- I mean, even if disassembly

ID conditions could ce modeled in something like TREAT or ACPR,

11 you don't sucdenly see a radical change in ne confi;ura io-

17 -.a*. .<a.1s a.. . a c a * , .4 - . u, ,1 . m, s .e eee e .,*,on <-
2_ 6. a .4 . . o g .o

. .... .2 .mi ... ... . . . . v

13 I sucpose tnat's the kind of argument I would
.

. .: resent there. It's a limitation :na: nas oeen nroolematic,14 e
.

15 a computer coce limitation.

1$ P R O. . KERA: Mr. Kelaer?

1 ,/ sn. ,: _ o n . : One c,. One siae cene,,:s that nas
,, - -

-
. .

15 ccme cut of SIMMER, wnicn, as yo u 'now is basically<
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; I a large class of accident scenarios wnich are like tnat, and*

2 they are very useful. I t's an inte resting e xerc ise in

- 3 judgment as to whether you nave to acandon that scenario for

4 a more complex one involving the more classical data tape

5 t ype of accidents.

6 It's a little early, Sill, to decide what the

7 criteria are. These various comparison calculations enter

8 in to that. SIMMER /SAS calculations that I've told you

9 aceut earlist are being reported on now and will enter into

10 tnat, and I would gue ss that we will, within the next few

Ji years, be sole to get some cetter judgment as to now to

12 divide the scenarios in tnis area.- If we have to divioe

13 them at all.

I. 14 PROF. KERR: Thank you.

15 MR. KASLEN5 ERG: Witn respect to your shooping

15 list of modeling needs, some of the needs are ce ing

17 addressed at otner lacoratories and some of tne lacoratories

IS are NRC contr'ctors, I cresume, since I know some of ther.

19 I just wo n ce re d, are you pl a nn ing t o go ane ad and to make

23 all of the se changes in SAS-3D, or will you just adoot

21 something?

22 VR. pI ZZI :A: To the extent we can a do .o t it and we
23 agree witn it, we certainly would. I have no objection to

24 taking over c:hers.

25 M?. KASLEN5ERO: S u: you do clan to continue to

26 tyr

e r ' <. . n
O ss SOD
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1 try and improve the code system?1 -

2 MR. PIZZICA: The long-term plans, I supoose are

(' 3 something I coulcn't eddress as well as Dr. Keloer, for

4 ins tanc e . To the extent that we intend to improve t..e code,

5 these are tne areas that we would start to work in, at

6 least.

7 It's not my place really, t o a ss e ss long-te rm

a assignment of priorities, but this is where I would suggest

9 putting one's effort. If one were to improve the code.

10 ?ROF. KERR: Are these recommendat ions made in the

J1 context of ceing familiar with what's oeing done in c:ner

12 modeling activities or in :ne context o f wha t you'd do if

13 SAS-3D/ EPIC was the only code around?

14 MR . P12ZICA: Sotn.m

15 PROF. KERR: I do n' t understand that answer, I'm

16 sorry.

17 MR . PI ZZI C A : Some are cased on comparison with

13 c:her codes and knowledge of c:ner coding efforts, for

19 instance, :ne mechanistic modeling of cla failure is caseo

20 on the knowleoge that there are codes that calculate

21 diff erential e xoans ion in mecnanical loading of :ne clac.

22 So we mi;nt want to introduce that into :ne modeling.

23 A numoer of tne cJestions wnich have ariser with

24 respect to disassemoly modelin; f. ave arisen due to tne use

25 of our own coce oy itself, out nobody tnus f ar nas tried to

., - o
-o uAsy
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P s I calculate the accident in the same fashion as far as we

2 have, with a representative pin model. And some of the

- 3 questions whicn have led *o our need f or f urther modeling,

4 in our view, have arisen out of the process of just running

5 our code by i tself. That's wnat I meant by both.

6 And disass emoly is a good example of that, since

7 there's no other code that does that kind of. thing.

-

7 , o . k. 3. n, : ahan,x yo u.o .n r r.

O Does that conclude your presentation?

'n u.;. . ci7~r'A: Yas, .d '. doas.as . . - - - - w -

11 PROF. f.E RR : Are there further cues *1cns?

12 (No resconse.)

l s, . n Gs -r.
mm ,,- a,n,: .,n a n x, you, sir.ss.

F

14 DR. KELEER: The next presentation is cy Ecos_

15 Curtis, Chie f of the Analytics Brancn, wno will discu ss scme

!$ Of the modeling efforts that we are sponsoring at Ar;c ne,

17 :ne sc-c alled FRAM code.

15 DR. CURTI5: Vy name is Robert ^ur t is . I'i. try
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, 1 exoerimenters at Argonne 1.9 that division.

2 Certainly tnere are some other activities , cut a

d a ana- l ": * 4 . a '3 l a , e . . a. + *. .' r a. c ', *^e e x. e- a .' m a n *. = 1 w o . k = .a. d '"4.-. . ... . .. --

4 work that has oeen done by that division at Argonne is

- s .< _c . 4 4. 11as. 4n .he OA.q . o d O. .-
s .

6 P R O .; . KERR: You are reminding us of this

, .

e occause --

3 DR. CURTIS: Secause I thought that the phycical

9 oasis f or many of the assumptions and alternatives with

.CAC w a. - a. .l a. ' '. a .' i ++1 a. v a ^ u a. a v, ha. 'r=.*.1, m a. s - a. - . **=* wa.. g .
*^

. . . - -- . . ... -,..

e1co<e. a. a .w i .a.)] 4 .,. ,u. a 2.ae.4- au/ s a 2, e c .- ,

. . .e . . . . . .m-

12 alterna:'ve formulations. And tne noice Of these

13 e - . 9. " .l a *. f a r. e .a .a. ". ~. 5 a. j u d,- .. a. n *. a s *. o w n .4 .k. a .' * h a. n. " s a. , .' '* *
.. . . e . m .. . .. . .

.

la o n a. w a. .- a. s .i .n c a. - a. .l / o .i a. , .' i - -a..=*. a. a- .d . = *. e . i s -- . o * w- 'w .4 * a.a
. y e . .s

l' as open as our parametric study T.ignt i nd ic a t e .
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'. I _c =. .t a - *. a d. , = *e 1ea_c*, .' . o v a. .- - a. d .i . e s *. .n a. .a. s u .l . s . Ru. one. _ . _. . -

2 cannot a priori be sure cf this, particularly wnen :ne

' r a. s " .' *. .i .q ~, .=..p, s w a. ' v a. s a a. n , .o * 1 a. s- e' .' . c' . o m. . p =. *.1.'. ",*-,~ ..
a- .. . .

k

: a. .n. a. . ~s s .

5 A numcer of investigators have l ook e d into tnis

5 y r ^s " .l a. m. n '. . .M a. r a. n - a. _= n . - a. . . a . .nl v. C. 4,a. .r a. ..s a x s . .4 ..a ,* a .'d ' 'a - . a. . .v . e . m .

7 evidence in the SL5F and other experiments that the

: 4.4 c .o. - o. ~ o. .i n .s. e 4 e y o. .i - m a. .r. . c' boi.li.,v a.n d . ' . . * * v a .i d .' a. ~yw . ^ ...e v e .e . . y. s. --

9 does extend the time scale and thus reduce the reactivity

- s .i , s a . +. .i n ,i .
.

il This inconerence nas not been adequately looked at

to .i.,. + c. . . a- e. .e _ r. s . y - a. a r. a .' '/s .' s . I'd. .l i k. =. * * d a.*a .'.i va. -'/:
. . . ._ .- - .

1: .- .' a. ' .' v, ou ..'a.ns 'o. ' <* ..na. g-a ..'v-'''a.- -o-la.....v,n.'....,- =*. . . . 3 _. . .

. ~

14 PROF. KE'AR: What do you mean by :nat caveat? I.

;: -sg4 .r.....-.a.. . ' ' . a s .. a. m ..' ,." 'ha* . ' * . haa- b a. a. n ' cok a. d a. .i .n. . . . . . . .. , .. .. .

16 os me kinds of ana'yses out not in SAS t ype analysts.

1/ . v- . , __7. a : It as oeen -- wnat mean .i s . .: nas
. ,;- u,. ..

ta
6 . , c. o , .? g . g 2 4 -. ^^ ... a. x - a. .' - a. n '. a .' .' v, and = .q w= 1 v, . .* .= .' *' "/ .' -w .

2 wv y . . se s - e . .

,G . .= v .' _m a..i n q w a p. * m.a. a. a .' g i.v.i p =. .' p q e4( d
v .. . .. - . .

. . .q o. e c. s e. *. .i y .i * sj o. o. m h a e. ). .
dm

. . ., . ww

4 h _( T . h. . O. . O. - s. . . . , y.- _ . . . .. .. w
9 O W-O. MN. . , O . .m. O. .N
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O. ( . .N Qww
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s -., 6

7-) - a .J .im. m m * a. e. - l o. = H. s .= m a. a. i .' g *. . a. d m *. a. d -
n

.
> - 2 a. 4 d. . c. e. - . %. o.2. g g = 2 .2a

.- y y. . . . ., .

07
. y - s v .. .s .-- j m. .i d .i .g m 2 p. H i,r e .i s .1r,. en.2.a 1q4
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I Clearly, snapsnots o' reactivity have ceen taken

^ 3 in calculating them; in other words, a particular void
,

4 pattern has been calculated. But the proolems have not oeen

5 linked together on the same time scale.

6 PROF. '<~RR: By any method, SAS or otherwis e?

7 DR. CURTIS: By any method, to my knowledge that's

q
. o . . o. . .-

..

9 D R C.; . KERR: Thank you.

.n ~.ne ...a. ,s c. i ,'< .< n ,-e ,l u, m .:. . en- I o . Ano ;+ .s ; <
. o . .

a <v e. . . .m.

il these effects together, ' the reactivity a ssocia tedcecause

17 j i +v .ST -m. a. y s .4 4 .3,, p .4 n c i ,- 21 4,*<m' a.iv.'n3 - a. a r 'e .4 7 .4 * v,< ^<a-<- 2.i..a . . . . .-i - . e ..

13 o f the acc idents tnat we are most concerned acout.

(- 1. e n O. .,, - .,

R : v,ses 1. One Ta..< es .o hy s i c a ., ar^Uments,Y

la. s~s.s ene a. v. ,' a. c *. '..ha'. . a.a+'4 v.'* v. '. a.a. d" a r. k w i l .l .h a v a.-. . . -- .

;4 .e i - . .s e < - =. ,. . . . . . . .l u a a. ". =. o .n '. 9 a.<,e
- v . h e . a. n c a .i n c. o r'.a . a .n c a. ?.~^ +-

. v. . .. . -. . -

3- ,, - . , - - . -
sn. evn.io: yes, one can me.<s a pnysica.3 argument

. . .

. s

;: ..2-. . . . , . .o.-...r.-2..,.. 3 a. .< . . .' ^ u '. .' +^ 9 a ' a- '. a. a d v, a . * *. a. . w . 4 ..9 .n a .c
- -*,. . . s ...

1c k a. a. . g a. .' .' - a. .' r T 2 + a. a 4 .9 a. .e u - n. e - a. v .' y ,a a-
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1 development of boiling and that it would stretch out the

2 time scale for the voiding of tne channel, and it might very

^

3 well provide a c ertain amount of reflexing in :nis colder
,

4 area, and perhaps a certain amount of spray ccoling and a

5 auch slower drying out of residual f ilms than would oe on

5 the hot pins if tnese separate conditions existed in the

7 same suc-a ssembly.
A

3 PROF..KERR: That's an argument which says that

9 one nay expect inconerence. My question was, give n that one

10 hae s m m a. i . . u . a. c '. * 1 a *. , =ned .- a. - *. 4 v .4 . v. .' .4 u *. a.ou.aa us ~. i5 a.- =
. - - .. r ,

;l .-a-k. in*.. .a. .< . *. o r a. , i s *. g a.. a. s o m a. p .h v. e .' = .1 a ,-'e m a_ . *. . . . a *.
-

-m r .. .

w
. -.

12 says that tnis may or may not have a significant influence

13 v .' . a. . a .' v r.."i. ^ " a - - a. '. *. 4 h = * a. v a. - o . . u' . a .^a . ^'
.

^^ o ".- s a.a .v., m ..

, . ,e -,,m_. -

: n.,n,< the key caramete. on :ne
.

a- an. mantic: .,

15 severity of the accident is tne ramp rate at the time tnat

15 '/ n u = - a. - .a. a - *12 - r o .i a . . . - = . a. . 1' .d y o u W a..r a. o /+s.< d. , --- -. . .i . ri . .. w v.

|7 . a .' . ' ' a . a. aqa. yo" ym.i 4, .c m q. o. q ,o q .- a. r 3 3 m _2 .e a. m e .7 .f a a- .i .s k. a.
e

.- v v v . . e. . a nio,

[O 1] . n.1. - . m m. .a .l a. *. a .l a/. - - m a. w a. o *. da. .i .m 7 , gg/ya. .f .e. e. w.
I m4

. -v 3r.a.4a e m a
.- ..o . .-a

|Q. .? a w m a. - .- -. + ~ . ~4 * | .ea9 n -m.va.-...-y .: =. yp~* me n- . .ma a s - . a. zsw 4 -.an g .4 =. .m.2*amm
.

o an-. g . a. --

*3
.m 2 m m a. m. . e m m a. .i y n* * q a. . a..n.~. a. v. m'

-4--9 . 4 3 c . .' a. . . a. w* A-1*
. i

2" ~gi.~. .c- m a. e.niya o.s ;y s. -. .. v.
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| earlier statement. I oct the impression that you said onek -

2 had a f airly good idea of wnat woulc happen to the voiding

e'2d . - . . .' " u '. .' o n .4 .m .i . .' = +.1 o n o *. w a., - a *e * =. .- . - i .r =. n '. .h a. + a. . . g e . = . " - a. --

- . ...yty . . . .

4 accident and some history of the development of the

5 transient, if one ignored reactivity f eedcack. But that

5 nobody had done a calculation or anything, which would now

7 take the reactivity results from the voids and f eed that

S b e, v s.. .he .ae s e . .< - . .aon..
+nn

.. .. .

9 Did I misunderstand? I thought that's wnat you

ln 224s.-
e m

W
!! :R. CU.ET 5: That is essentially what I said.,

W 12 ?RO:. KERR: Nod, ny question was, given c'. a t tna:

13 nasn't oeen done, is there some physical reason or some

14 clausicility argument tnat says, if I . inserted this
s,

.

15 faeoback, : expect to see something quite different or about

16 tne same as waa: I have s een ditnout putting the reactivity

17 ' s_o. - =- s .'<. .' .n . . . . e y .' . " . c .-
. - . .

ic . .e y -u a. = . .' ^ ^. -.' a a.- ?.r
- . -

,, -. ~..-.: . .o , s ir , . 's not. ,et me see , .
..

-un. :
. . .

4 - sn _

20 : .".1 - > I know. 'et r: e try._
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I Certainly, there have been calculations, and therei .

L
r

20 is a fairly good understanding of this incoherence frca bcth

3' experiment and multidimensional calculataons. Clearly, the

d| reactor physics problera of the worth of voiding sodium in
i

5 selected regions in the core and the static problem is reason-
|

6 ably well understood. It's as well understood, and there is a

7' substantial data base of critical experiments, which again are

8 static experiments, not that the calculations are very close to

9 the experiments, but there exists a substantial experimental

10 data base, and there are calculations which are reasonably

Il good. Certainly, there is rocm for improvement in this calcu-

12 lation of the sodium worth.

I3 ? What has not been done is to find a simple way to
d
1

I4 | take what are essentially two three-dimensional calculations

IS and find a reasonably simo. le wav. of incorn.oratin- the generalv

16 conclusions that are drawn from them into an accident analysis

I, !
'I code, such as SAS, which will allow repeated examination of

|

2 |o ....,,.4,. = s e .e . 3 .d ~..". 4 s 4s '..he "dec 4 va. w #. -."a" n- abou- =a -; ----e-. - ->
|

1' !
. b..w o. e m.. s .m. e .J J e. .w s... .

36 Aw m e e.n.e 4
.m. D .* . U. , ,. ..m o 7- s 3.oun, . b. a . * ~.o , , ' Af -w

e.. . . .. . -

20 | bring to your attention.
!

I

'l'" Cur main emphasis here is on the relatively s10w

,,

.' w . .= ..e =~~-e..,w--. -k.e ^'aa m.de s =..d.'..c. *b.=~. 4.. e. . ~ 4 -4" d -"
-

--
- . - - ..- .

23 dents chat happen fast encugh, incoherencies are of far less

.

importance because they disappear so ~uickly that it's not~

Wede'ai R ecor'ers. me.

:$ .,.n w k. .. . . . a_ s . . ; c. ~. . . 3 . % p ,. .; : -~ : n
.. s__..a.J; u .n. ..

; ;e.a:.n .z..e
- - A

. .- - . . s a .4 ya.< .. _.. .. -,
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ll plan to devote abcut three man-years in this next year in an
n

2 effort to develop a module called "SIFLO." 3IFLO will attempta
I

d
3 to introduce the multiple dimensional effects of boiling in the

~ i
i;
o

8- S AS to improve the estimation of reactivity feedback during

5' this psrticular phase of the accident. We hope that it will

6 be sufficiently simple that these effects can be introduced

7; into S AS calculations without greatly expending the running

3 time and destrcying the usefulness of the basic tool.

9 In conjunction with this effort, we will benchmark

10 1 tne BIFLO models against the f ull multidimensionsl~ codes such
,

II as CCSRA, such as COMMIX, which we have out soon, against the

12 work of Ishi anc Chen, and their as yet unpublished work on

13 sodium boiling and voiding at Argonne.,

I4 The purpose of this code comparison is, as I said,
I

I

I5 to see if a relatively simple treatment of incoherence can pro-s
1

16d vide assentially correct neutronic feedback and still beccme

l '' ccmratible with S AS and the running time that we have an inter-i

1

,,

:e es.. 4...

19
' ' I wculd nct like to go into any of the details of

v
the modelina.. I will save that for cerhacs either . ext s e. r i n c."

. .

4

41
-

1 cr next year when these ideas are a little firmer and a little

e,

better del _neated."

,,
So, in addition to certain improvements that we plan--

-'
in EPTI, as Phil talked about, we are locking at the sacond''

4Co ~6Ceral A epor*ers, l *C.
..

WOM }Wg3 h.. . e.-..Mw- .....-a&9 M M.. .%. &.n e .M>.$sv9 _AMM gM p q @ } q 9,

7.A g A6 a w w .M6w*. e.
MW ...%..& y --u,s . vw

43.s . 3
uz u n .
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l' area of the incoherency of boiling and how to properly repre-

1
2' sent the neutronic feedbacks associated with this. And this

3 work will essentially occupy three man-years for the next
-

4 fiscal year.
.

5 Any questions?
,

.

6' PROF. KERR: Questions?

7' (No response.)

3 PROF. KIRR: I have no further questions. Thank you.

9 I am going to declare another 10-minute recess at

10 this point.

11 (Brief recess.1

12 PROF. KERR: May we reconvene.

(~ 13 We go now to sodium mixing. But before we do, will
\_

14 somebody remind me what "FRAM" stands for?

15 DR. KEL3ER: Fast reactor accident modeling code.

16 PROF. KERR: I think I knew -hat.

17 , DR. CUR"_':5 : FRAM is used to account for those
i
l

13 i modules in different treatments which we have inserted into
i
.

19 : ---
one.

;

20 ! PROF. KERR: And it says "HCDA transaction." :

2' assume that's transition, or do we now have a transaction phase
t

22 a for fas: reactors?

m _s <._as ,.~ =... = . . = . ~ ~ = . = = . ..gh e_ _-a_ ,s.-

24 MR. KA5 2.ENB ERG : Cn the agenda.
3 n tral R fDO r'Trt, I nc.AC9 t

25 PROF. F.E RE : ::'s not your typo. If it's a type,
n - . ,

b' . +
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,

14 it's curs .u
-

!.

2, DR. CURTIS: We don' t have an agenda with those
,

j

3 words on it.
i
|

4' PROF. KERR: I En told it should be " transition."
i

i

5 DR. CURTIS: It probably should be deleted altogether.
|

l
6 PROF. KERR: Perhaps we should have a transaction

7 phase.
i

8 Ckay. Sodium mixing. CD code development.

9. DR. KEL3ER: If I knew what kind of transactions you

10 ' had in mind, we might talk about it later. That probably

11 should have been deleted altogether.

12 _ I would like to introduce Bill Sha, from Argonne

.|
I 13 National Laboratory, to discuss the family of codes in thiss. -

14 area.
.l'

.

15 ! (Slide.)

16 ' DR. SHA: The objective of this program is ta develop

17 3-D __-=__c_4a_..~_ -^deo- #m- _.".c> .u = _' ".v, e _ a "m _' _i c 2 . , _' " - d2s_s- .v -- . _ . _ _# _ a_ a . . .--

.

13 ,, compenents with specific emphasis on the natural circulation

10 mcde. I deliberately put the " rigorous" in there. I think

i

2C that the code I am j us t about to present to you is probabli

21 the most ric.crous code available on the market as of todav..

22 PROF. KE RR : Is "rigcrcus" synoncmous with "ccmpil-

" -=~e^"'.-- .--

24 DR. SHA: Well, not necessarily, because the code we
Ac..s.e.,.i a .wr en. i,c

*t are dereicping is pret:3 clean-cut. And we have added it te--

(,ay,.,
v i) .i ' . V ~
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Ih clat failure at this acment. So, we clearly have defined the

9 ' geometry, so in t,nat sense we can ---

a

3
_

PROF. KERR: Tell me why you particularly need a 3-D

4' as contrasted with a 1- or 2-D here.

5' DR. SHA: I guess the previous speaker mentioned

6 about -- vc , auch emphasized the incoherence of the boiling,

7 and this code actually eventually leads to that calculation.

8 PROF. KERR: You don' t have a lot of boiling in a

9 natural circulation =cde , or do you?

10 DR. SHA: In some cases, it's possible.

11 PROF. KERR: The reason you need the 3-D is to treat

12 the void location?
.

13 DR. SHA: Yes. Another thing is this code is speci-
.

14
.

fically for rod bundle calculations. Now, in any rod bundle
;l

15 4 calculation, vou' re dealing with very complicated geometrv. and
| -

16 the uncertainty of the gecretry mixed up with the uncertainty

l ,' -|
in chvsical model. Now, we will show you the code we havej . .

'I
1

, o- I developed. We completely remove ancertainty from the gecmetry,'

i

l9 Therefore, we can concentrate on medeling the fillings.

20 | Of course, this work is in conjunction rida the SSC
;

2I code, and this is a component code, and that is a .ystem ccde.,

,, !,

(Slide.)-- ~

23 Two codes we are dereloping- One is the COMM:Z code;

# cne is the SCCYFIT code. Of the CC" MIX code, we have two
ace sea-w a.oor en. inc.

9C
./ o. .w s .4 m.m.s ., v ..e 4 5 . J.gA g* * Q - , . *

m* * '

v
==

v . . .
7^^ * m e w *.b. p w -s_.t . .. P S .Nfg* * Q .O. . r o Ne %* * *g-- .. .

'
vv ...

(233100
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I" is a three-dimensional transient single-phase ccmpressible

-.1
2j flow with heat trans fer. COMMIX 2 is the three-dimensicnal

a
|

3| transient; we use a two-fluid model, so therefore we can treat

4
i the nonequilibrium temperature and inhemogeneous velocities.

5 The formulation we ase, again, is different than
i

6 most pecple use. We use a porous medium formulation. This

7 code can treat the two classes properly. One that casned a

3 continuing problem, the single code can treat the reactor

9 inlet and outlet plenum piping system. The same code can also

10 treat the fuel assembly. For this discussion we are concentrat-

II ing on the fuel assembly. And this code has been extended to

l '' o thc r components , IHX and steam generator applications.

s' I3| PROF. KERR: Let's see. A continuum.
l

I# l DR. SHA: Let me give you the definition of what I
a

1c ,

]
mean by " continuum" here. A whole sclid structures, internal-

14 |
i external solid structures are treated in the continuum. For
i

1

,,I
''

| instance, you look at the rod bundle. Each rod you treat as

IS| the boundary condition. This type of condition, I define as a,

1 ^'
continuun.

,

20 New, a quasi-continuum, internal structures are
,

i

,';
hemoegenized inte #1"v And then I call the type of circula-'

+

i

,, ,| tien a quasi-continuum. With numerical technique of the use"

--
" of staggered mesh -- that means we treat the pressure densit;

2*
s . w.r., a.oon.,s. i nc.

- the center cf the mesh 2nd the velocit. atanc temoerature at
-

c

the side of the mesh. And we ase the IMF, which was develcped

. ; a
Ot.ae /.. %
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4
1; at Los Alamos.

4

2j Recently, we added a rebalancing technique which
o
1

3| speeds up the computation, and so far this technique looks
-

i
I

4 pretty promising.
I

5 (Slide.)
|
t

6 The next code we developed is the BODYFIT code.

7| DR. SIEGEL: Excuse me. One question. The two-

B' fluid model, is it liquid and vapor only, or do you consider

9 anything like ideal gases?

10
i DR. SHA: At the present time we use liquid and

Il vapor or a water system and vapor. It can certainly easily be

12 extended just for gas.

,,

13 Our next code we develoced is called the "30DYFIT"
d

.
.

14 ' code, and this is very unique to me. New we can claim after

IS ] this code is developed, we can claim for laminar ficw and red

16 bundles, for the first time we can calculate without any excep-

,,

'' I tion. This I call the " benchmark" tv.oe of the rod bundle cal-
, .

IB i culation. All we require is the gecmetry of the rod bundls
,

1: - , . .

- anc :ne therma 2 physica_, propertaes, without any assungtions

20 for laminar ficw, because for turbulent ficw, you involve the

21 ' turbulence T.odel, and you have the enclosure model.

,,
'e At the present time we are concentrating en develep-

23 4- 3 n n .f r. - . _ voda. . '. ' s .'_...4 .e4 . o a s _" .. _' a.. us .
, -

- ,'-n=se, .a . .d _'n a_'
-

,

. . h. O* M MA Q -.M. . h. W W Q M. * S _Fm.d -Q . _E A M.d#
. .N...$._v.., *p 9M k

._ -. .v w w. .
W MM

* *O 9P. mSWfha -*. wv ww. ...

D brut *3: 4900Nefs,Inc.

)$ * sb.31 _' o. < ,- . _m _; =. . b. _4-
*

- ...._7s_ __.

9
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1 We transformed the rod bundle, ccmplicate the rod

,

21, bundle gecmetry into rectangular coordinates; then we solve-

i
!

3l also the equation from the chvsical plane to the transfounder- -
_ o

4 plane. The reason we' re doing that, therefore all your boun-

5 daries of the physical system are correscndinv to the crid. -

6 line. And that's the onlv wav. vou can solve this problem. .

7; vigorcusly without any allowance made for laminar flow. And
,

3 I think this is the first time for all the calculations that

9 we can clain now for laminar flow we can calculate without any

10 ' -

ac. o. rcxima tio ns .

Il PROF. KIRR: What are the cases which one needs for

12 the Incunt of rigor?
,

I3 DR. SHA: For instance, for the experiments, the
.

s. a
't

14 i small rod bundle experiments in there right new, they're really

15I all mixed up because every code you use you approximate the

16 gecmetry, and those approximations , for exa. ple, mixing between

17 the subchannels, the subchannels are so complicated, so allI

l
1: !

i the uncertainties in the c.ecmetrv. are ,umc.ed into the e,v.sica-l .n -

1
I*' model se you don't know what's gcing on to the end.

20 So, this code at least can clear up this end. We

,,

en ,,,31
a.. u, .. 3 o. ., s . A ; .,o - e .t o. c .- n . . 4., -..A C G .- a.; .. . a. n.k. ..; 3 e s v .,

. . .
,, n:.- < .. . v. .

m.

y e C ~...A. *. .**;* '".a*. V^U ..C ."...a .' ' "; . ' " - . . , * b. e " ". . " c .' v~ ' ' * ^ d e .' . D^24 ~- ^
.

-" ****, ....v . ..~ v.. f ;.

23 .wa. 4 s a ve. .-., . . . . . - , . . , ~.u.., s . a. - .c g--- .. ..k. 4 g; w e ,-A * 44 -n
--- C-....a y v . - . . .. .-

". . . , .

:ne sma.1-size roc cuncle ext. e riments ,tion ror ana veinc
. . . , , ."

. -

:.a.w n nwomn.me.
I,c -

especially two-phased flow.*-

,,e.. nn
.jen n-
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I] Like I mentioned before, we are only emphasizing.

,
Now in this kind of code, you remember, new, I consider this'

3 problem in the fuel rod bundle as a continuum. In the crevious.
_

.

4 slides, in the COMMIX code , I characterized t!'is as a " quasi-
;

1

1
-

c'
continuum." The reason now is in this case all the fuel rods-

,-

6 are treated as the boundary, so it's a continuum problem.

7 (Slide.)

8 Like ! mentioned before, this talk is more or less

9 emphasizing fuel assembly modeling. But let me just show you

10 scme capability in our modeling efforts. We can treat wire

II wrap fuel assembly. We can also treat the grid fuel assembly.

l' I will show you some of the results later on.'

13 We also assess the fuel rod uhermal model. Wes_

Id actually attack the clad temperature and fuel red temperature.a

l
#

1 -( 1 Again, I would like to emphasize, although we have fuel rod
J

l
16j modeling, our primary objective is the cooling dynamics, so we

1

1 '' f cannet develop a verv. sophisticated complicated fuel rod mcdel.;

!

!

,-
' .! That is beyond the secpe of our code.

,

" But we do develop -- we have the most efficacious

2C model for the fuel rod mcdel. We also account for the duct

,I wall te=rerature measured durinc the transient. Alsc, in some-

. -

**t
experiments, you have filler in the test sections. We aisc'- -

--
" model that.

*4
'' We aisc model the gn=ma heating. We have a turbu-

Aveccc acoonm inc
SC

lence model.--

ux . "~ x. .n : ' .

-
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1, PROF. KERR : What is a " filler wire"?
|

2| DR. SHA: Filler, in some of the experiments , the !

3
-

hexacon in the rod bundle, we have more coolant at the edge.
-

# I

\

4, PROF. ERR: This is an experiment, not a reactor?
,

5 DR. SHA: Yes. You will see the wire analysis , why
,

6' we developed the technique to analyze the experiments, to see

7, if we can get agreement. But this is optional; you can remove
i

3 that easily.
-

.
&

9 (S lide . )

10 Now, I show you some of the numerical results of the

II CCMMIX 1 code.

12 (Slide.)

13 I present here -- you know, we did a lot of calcula-
,.

14 tio ns . I cannot go over all calculations, but I selected

15 three areas which represent the capability o f our code. We

16 analyzed the P-2 LOPI transient, loss of -- this is a very

I7 ] fast tranient; we analy:ed that, which also compares with the
!

13 i experimental data.
,

l9 The next one is the same test section, and then we
,

,

120 analyzed natural circulation transient. We also can compare
I

21 the experimental data.

,,
'.! Finally, both those two fuel assemblies are the wire

22 ' wrap fuel assembly, and this is a grid fuel assembly. And we

24 | just have the experimental data from Germ 2rf, Karlsruhe. And
ac.a.cer.i a mnen. inc.

,e
the seven-pin grif assembly is the near simulated--

~ ~ -,. . :
u.'.s - %J
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i

l' loss-of-coolant transient.,

2i MR. KASLINEERG: Do you mean fast thermal transient?

3
_ DR. SHA: Yes. Also the velocity. Yes.

i

4 Then, also, we recently made a W-1 pretest predic-
!

5 tion, and I think the results should come out fairly soon.

6 ( S lide . )

7i First, let me represent the LOPI transient in the

8 19-pin rod bundle. The initial power is 730 kilowatts , and the

endd8 9 velocity 6.4 meters per second.

10 i

11

12

13
_

14

15
i

16

17'

13

.

.

20 |
4

l

21

22 |

23

24
,

Ace Eedef 91 A fDor'9f1. Inc.
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.e r i g.n. w .qo w .i q ...a. - gwa. .c e . 4..,. . -L6, .v w.' - g g . s .- . .v . r.a a na.- -
4 . . . y. . .

* W o - ^.q a .c a. ' l v" W *a.''.'u.' a ' .i ^ n 2 *w r""i c . n '* * i m. a. .? S A. '.' e_ ^ ." .4 n. *w .".a. a~a w.av r A .. .u .

J nCperuliy, neX: time I Come here 1 Can pre sen t One r e su.3 ; s
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' 4 on tnis.
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5 Now, we taix a~out anot."er coce, so tni s conclucesc

o m v, COM.VIX code pr e se n ta tion . Tne next coce is une BO DY.:IT

7 code.

to ma, e a run- , . , .. ).s r . . : r.o w .ong coe s it take
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e enor. c
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me .v .
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Kap i existing coces?

.- an,y IA,2 an. onA: -.nis is just aoou t in 20Lw. 11.r- -.. . . . -

r .ou.r

3 I really celieve this is tne only way to go in order to

(^ 4 understanc two-phase flow and to analyze the experiments.
\

o L3 : n.erwise we are so conrusec, you know, ne su o-c na nn e l
_ . .

o mixings, suo-c hannel aroi trary civiced , and you con't know

7 wnat's going on.

e Pnor. A cc.n : .t : is the .aOuYrit that you f eel --
- ,,--, -

V coes that a ccura tely --

10 DR. SHA: We use ne boundary-fi tted code in the

,l tran sf o rma :., o n . Now, i :ning the worg wi tn w n4 c n ou,,t y -.- .s
. . . .

3 .riii .

... s . - . ,..l s .4 n 9 , . n ..), , - 4 n .4 ..,n , , o s . - 2. 2.,. 4 . . g . . ,1 - = = .1 .' v. , ou..-eic, -

-
v y. .y. ... . .o v. . - v..

" ~- a s . a ~- '.v a .m.a s o ". .l o w. . 0 w h a. . w .i c a , 7i- --
a. '. o . - 2. -

- -wv - .. . -v .. . . r . .

14 can'- believe anyocdy has analyzec two-pna se flow.
-

15 Now, go cack to COMMIX. COMMIX is essentially ans_

16 acvance version of sub-channel analysis. All sub-channel

17 analy se s , 11<e :ne CO5RA coce, they have difficul-ies to

1 trea: :ne transverse momentum equation, cecause sub-cnannei

. . e 2 n. y u .t '. ' .= a...i ^ ^ ;^
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kap i PRC . KERE: That puzzled me. You started off --

2 this is very grave. At some point you mace a transition to

3 a porous medium. I thougnt you started with tne

4 Nadia-S toke s equa tion and you con't make any otner

5 assumptions.

6 DR. SHA: Now, I co not treat in the COMMIX

7 calcula tion, I do not treat each pin as the internel

e bouncary. So tna;'s whe re the porous mecium comes in. W hen

9 you use the porous medium, some kind of averaging process

10 comes nrougn.

,,J- K. ,, : out that,s a more rigorous11 enn
-r n, r .

12 em piri ci sm.

13 CR. SHA: Com parec to existing cooes in t na :

14 class. Then 500YFIT, for laminar flow this is a benchmark
.

15 calculation, acsolutely no assumptions. The firs; time.s.

10 PROF. KERR: Wnar about measurement?

17 DR. SHA: |4 ea su remen t , we've go: to have, for

15 turculan: flow, f or iaminar flow mayce you can': need a

lv measuremen . If we nave enougn, in terms of comoute: ion,

2C enougn mesr flow ;c resolve ne councary layers anc so

21 for:n, yes, I woulo :nins that :nis coce is oe::er : nan :ne

22 experiment.

23 ;4 c w , let's see, on :ne SCCY.:IT coce, like I

24 mentioneo cefore, :ne reason Oc ceveloc BCDY:IT coce --

25 (Slice.)

, , ,

L/
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kap 1 Again, I'd lige to mention there are some

2 limitations. 50LYFIT coce cannot ce usec for cesign

3 calcula:icns. Tha t's im po ssible. Computer time you would

.

4 run orever. .co c o u, f ._ I _l coce, I see arp;ication c,. 0 0,D v. r 1
. ,

-
-

r.
- ,

,

5 code in seven pin , nine pin recurrent maybe up to 37 pin rod

o cundle, po ssibly it can handle.

7 But beyond tha t is just not po ssibl e , til the

5 small roc ouncle. Fortunately, most of the rod bundle

y experiments are small rod buncles so we can analyze lots of

10 cata to understand tne real ohysics and the purpose f cr tne

li cooroina tion f ormation is really - you transf orm tne

12 ccmolicated rod oundle geome try into a rectangular coce and

13 your computational gric line exac tly coincices witn the

14 councary.
_. .
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1 So, then, you can specify whatever appropriate

2 boundary conditions on the boundr.ry. Without this, there is
I

!

_
3 :! nothing you can dc. Of course, everything you do you have to'

i
N

4 pay for it, too, because you're now so much more complicated.
!

5 You transform the Nodia-Stokes equation physically so that

6 you have to pay. The balance is : Now I can treat the boundary
t

7: condition correctly, ut using a more complicated equation
i

a than the regular one.

9 So, we tried to validate our code. We have a numeri-

10 i cal scheme in our oc. eration. So then we'd like to establish
,

11 some confidence how good this code is. Again, I tried to vali--

12 date this code.
_

13 ' ( S lide . )
i

14 ' We have to analytic results we can compare with the

simpler ~eometrv. We have annular pipe. We knew what the15 w .

lo velocity should be, and we have analytical results to compare

17 '! our calculation. This is the annular pipe, and this is after
1

13 L|Itransformation, one transfcnned here and two outside boundary

i

17 ! ::ansformed here, and this is a branch cut AA. AA is in here.
,

I

20 J; So, in other words, you would just cut over here, v.ou flin.
,

i

21 ' over to form like this, transformation.
'i
l

22 Now, let's see, our calculations with analytical

23 ' results.

74 (Slide.)i

ac.sec., p,x, .- ,e.

25 First, we compare the radial velocity region. This

v: '*
s 'd -

L" L L e w-+
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1 is inside the radius point five. This is outside the radius
a
il

2 || normaliced to the one. So, velocity has to be :ero at the
,

3' solid wall, and you can see the situation. Analytical results
,

.

.

I

4i is the solid line, and the calculations are the circles in here..
1
i
i

5{ The next one, comparisons of the axial, the center
1

6 line and velocity distribution, you see the velocity is

7 developed. You reach a certain length. So, this is the ana-
. ,

1

3 lytical results. This is our calculation.

9, In here, we are not doing too good, but not bad. The

10 reason is we should put more mesh points. We didn't put the

Il ' mesh points in this particular calculation. When we redo this

12' calculation, we add additional mesh points.

13 ( S lide . )s_

la ! The next one is in the rectangular duct. This
i

15 transformation is so simple. You start with a rectangular

16 duct, and then you transform it into here.

17 ( S lide . )

13 Now, we compare the analytical results wich the rawq
I

19 | calculation. In this case, we vary with respect to ratio. A
.

I
!

20 :| is,if we took a cross-section of the rectangular duct, A is the
|

|

21 l dimension of size, 3 is the length of the duct. So, we varv
*t

t

!

22 j this ratic. We have analytical results, and the comparable
1

1
22 calcula tions . Again, we vary from A over 3 frcm .25 to one,

t

4
| a wide range of variation. Again, the agreements are fairly4

ac.-;.c.,.i a emr ,s. i nc.
t

me
d' ccod.

-
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1 Now, we do the seven-pin calculation.
.

2f (Slide.)
,

I

3~ This is the seven-pin. We actually transform it. It
, . .

i

4 looks like this. You see, this is one in here., and two is out-.
i

!

!

5' side, representing this line. And all those mesh points , the
,

I

6, corresponding mesh points, are shown in here. So, we actually

i

7; perform calculations and transform the plane. !

S Now I would like to point out that the results are
i

i
9 presented here, just the week before, and Dr. Chen has started

10 to redo his calculation. This turbulent flow involves turbu-

II lence modeling, so in there you can sometimes just do the
.

n

12 modeling to get better results, because we don't really know

- . 13 what kind of turbulence. Turbulence modeling, by definition
o
6'
i

14 ' -- this is no universil turbulence model.
>
l

15 So, in there, we try to understand, ccmpare the

16 h|data with the raw calculation, and try to understand the
!

-

i

17 j physics, what's going on. So, he tells me he's right now in
,

13 the process of redoing this calculation, but agreement actually

h- I is very good so far. I show you some of the agreement in this

20 ! table.

2I j (S lide . )
!

22 l What I labeled the " preliminary results , " and those
,

23 are the actual nodes, and this is the grid. Those are grid
!

*4
fuel assemblies . And this' raw calculation compares the measure-'*

Ace Federal R epor'Tfs, Inc. I
i
'

.ec .. .

cc= pares tne measurements.ments, precic lons,--

U 3 i, . n o~O
.,
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1! DR. SIEGEL: How are the grids included in the cal-
!,

12i culation?
|

3 DR. SHA: The grids are included. You see, we do not

4! know exactly geometrv. of the grid. This is preparatorv informa-
, . .

'
?

5' tion. So far we cannet get that, but we know what the resis-
i

6 tance is. So, we model in the resistance for the grid.
:
I

7! DR. KEL3ER: Let me break in at this point. This is

3 a very annoying part of our international exchanges that we

9 hope to be able to negotiate out of existence; and that is,
,

10 ' information essential to safety-related calculations is with-

11 held because it somehow is proprietary. That is a negotiating

12 ' -- I feel that is a negotiating ploy on the part of the Franco--

''
13 ' German combine, and it is one of our key problems.

14 DR. SIEGEL: But the crid is assumed to do what? Is-,

q
15 that assumed to produce complete mixing at that level?

16 DR. SHA: Yes. To promote the mixing , not complete.

17 1 But the intention of the grid is to serve as the suppcrting
,I

I,

la! structure for promoting turbulence.
I

lc I -- v.ou some ow inc,ude some turbu;,encen
-

-. s zGca:s .s- I .

.

I

2C ! promotion at that level.
.I

21 DR.SHA: Yes. We did a model, but that's, again,

22 you see, while we have to compare experimental data, compare

23 with the modeling and try to unders tand, to improve our model-

9
' ~4 ing.

A:e houerai Recomrs Inc.
. ;. So, this is the seccnd intervention we ' re going-

_ s ( }-'''SU1 s s .n * -= 1



_ ,D
. _ _ _ __ _,.

C*

. 1 ., ,4,

,

|
,

&

l[ around. This is the first intervention results. Not to- aad,

, '3!

'h but we have lots of room for imerovement.
1

-

3 Now, I just show you -- they probably won' t add.

:

4; any thing , but this is the sophistication of the data -- :

5 (Slide.)

6i -- This is actually the 3-D velocity plot. This is
,

7I the seven pins. Unfortunately, the viewgraph is not too good. -

8 Those are the seven pins. You see, this is the gap between the.

9 pins. The velocity peaks up and gces down. You see, this

10 calculation, the hot-spot factor is given you right away; you

II don't need additional calculations. It gives you the hot-spot

12 factor right from this calculation.
,
.

.

I3 i Now, I shcw you another, J' us t to refresh v.aur memorv...

,
.

1

Id Crcss-section 33 and the cross-cection CC. 33 is the center

15 ' of the pin , and CC passes the three pins .

16
(Slide.)

I '' This i the velocity profile for 33. This is the pin
,! -

1

13 right here. The velocit; actually is zerc at the pin edge,

" i, is the velocity c.rofile. You can see velocity develop. The.

|
t

2C ' velocity profile. And this is turbulent flow. That's why it

21 , is still quite flat in between.
,
i

22 ' (Slide.)

,,
. .w. o . , ,. ..e - ss-sa- 4 "~ ynee - ",e . ". - =- =c- "".,-.

-w.. - - - -- :~ -- - ..

.
"

pins. You see those are velocity. This holds velocity to
Aca Eederai Aeoorters. inc.

S .C6

g .s *
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2' (Slide . )
y

3' Then I show you some temperature distribution at the-
i

i !

4! outlet. You can see the nearby pin is higher.
,

f

5| (Slide.)

6j Again, the temperature distribution through 33. Here

,.

'; is the drop.

3 (Slide.) i
1

1

9' And through CC.

10 (q,4a..me.).

II DR. SIEGEL: Could you de this calculation if you had

l '' wire wraps?

I3 '( DR. SHA: This calculation is a grid calculation.
:

} 's |
'

Now, wire wrap, we have difficulty because d.he transformation

15 -- so far, you know, we're still investigating. So far, we

l' cannot ccme up with anything to solve this problem. But-

l '~ j because it's so ccmplex a gecmetry to make that transfcrmation.
.!

u

.- i
'* DR. SIEGEL: Could you include a flow blockage?'

1'''
DR. SEA: Oh, ves, that's very easily acccmplished.

i .

|

'O |' Flcw blockage is no problem. And the wire wrap, our current'

,,

"' thinking in ci approach to this problem, we use the resistance,
o
!

,,
model. In thec. y , I can meke the transformation for wire wrap,"

~,
" in theory; but that transformation is so compilcated, we just

'd" don't know how to reproduce it yet.
Ace e,eders, Reporters, In:.

*c
'' PPCT. KEER: Maybe we shculd :ust eliminace wire wrap.

''

er ) . J ' .'. Y3) Ej. r
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,

l| It's too complicated.
!

2| (Laughter.)
t
;

3 DR. SHA: Okay. Right now --
i

'

4' D R. SIEGEL: You say that this turbulent flow was
t

i. I.

S' somehow, in my naive incerpretation of the pictures, it looks
'

:
,

6' like laminar flow.

7| DR. SEA: In the laminar flow, you see the velocity

8: profile.
!

9 PROF. KERR: He didn' t show a laminar flow case.

10 ! DR. SEA: I didn' t show a laminar flow case because

Il ' the reason is I analyzed this data, and this is the turbine
i

12 flow throughout the transient. The reason we're doing this is; ,

i

s, 13 ; I have the experimental data. We cannot do the laminar ilow,
i

la but the previous experimental data, the previous two calcula-
'

r

i

15 tions I showed you in the bcx in the annular, those are laminar.
i

16 ; In this we've got good agreement with the analytical results

17 compared to the calculation. So, we feel sort of confidento

la , we're doing right.

I9
And now we move to the turbulent flow region. The

20 reason we choose this is because we have the experimental data
.

21 J and also seven ein, you see. Our purpose is to demonstrate our
i -

,~

code capability, you know, to develop model to see if it's"'
e

22 doing the right thing and to save computer time.

^4'
i Now, I think this is quite important. I show you

Ary.Eaceres Aepor*ers, Inc |
9C

the las viewgraph.--

I

f| Q? Ik./ D . j .'., M e'
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1; (Slide.)
i

2 COMMIX code has only a three-year history. It's a
,

,

3 relative newcomer to the field. We already have many recuests
_

|

4 and many have actually used our code. We actually interact,
i

5 for instance, with Westinghouse for use of our code for design,

6; but they're interested, like, AI also has a code.

7 PROF. KERR: You don't feel uneasy knowing that

l people are using your code for design?a

9 DR. S EA : Oh, no. We would encourage them. The

10 reason is we'd get a tremendous benefit cut from them. They

11 may point out a certain direction we may overlook. Sometimes

12 they can debug our code. So, we are very much in favor. We

-

.

press it through NRC approval, and we send it to them right-

Li away.

15 Those installations have our code , and many of then

16 have actually used our code. And I think the spinof f benefit

17 of this program --

IS (Slide.)
i

19 ' -- Is really tremendous , since we started SRC pro-
i

20 ; gram to develop the COMMIX code. Now, the DOE actually picked
i

i

21 i up this code and applied it to different areas. We actuatly
!

l
22 have now developed the CCMMIX IHX code. This is really the

23 first time we cackled f ast breeder IHX three-dimensional

24 temocrature, chree-dimensional velocity.
Aae,e er ., n - m u.inc.

23 This code has actuallf been developed,1f anybody

< > , so
GL.Ne . . * U)
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requests this. We are working on the SG code. And we alse now!1 i

|
|

2y use this code as a base to working in the solar energy area.
t.

1

3h| We have designed the thermocline storage tank, and now they

\ t

4 i want to promote st:Atification.

|
. .4

S i Now, I forgot to mention there is another spinor:__
I

6 from the benefit fren this code. Recently, EPRI asked us to

7; give them additional work in the BODYFIT area , to analyze the
.

'8, PWR fuel assembly. Again, they're experimental data, I forgot
,

9 to mention here.

10 .;2d that concludes our pres entation. Thank you.

Il ' PROF. KERR: Further questions?

12 ' (No response.)

,

13 ! PROF. KERR: This would seem to me to be a convenient.
:
i

14 ; time for a lunch break. Is r.here disagreement with that con-
!

i

15 ; clusion?

16 (No response.)

17 PROF. KERR: We will reconvene at 1:30.

18 (Whereupon, at 12:30 p.m., the meeting was recessed
,

endd10 19 '
{

for lunch, to reconvene at 1:30 c.m., this same dav..).

1

#

20 {
!

21 1
i
!

22 j

*1
se

b

AceJocerai Aeoor ers. Inc.

25 '

n*:q
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2 (1:30 p.m.)

~

3 PROF. KERR: Mr. Kelaer, may we proceed at this

4 point?

5 DR. KELBER: Okay. As you can see from the viewgrapn

6 package before you, we do hava an experimental program in

7 tnermohydraullcs directed toward certain LMF3R croolems at

S Brookhaven. And it's a small orogram, out we think it's

9 produc ing some very useful insights.

10 To describe it today, Ted Ginsoerg is goin; to make

Ii - .4 c. e - - ,
.

2<. s o. n - - e . e n .2
v. . w.w

12 m .s . n . . -- , G : .i r.a n .< yo u .,,, v.ao::n
.

Iw; ( O .l .o s o. . )
-

. ,

s__ 14 I'd like to describe tne program at Br ookna ven

15 national laos directed primarily toward experimental

16 simulations related et the noment towards physical mecnanisms

17 involved in core disruptive accioents. ollowing a orief

1:s o v a. *- v .42w .' 4 v . .< v . 4 . ' .1 .' .'a c .i a . a. . . . a. a v v o a. + "s ow. wo. k , A'w . .".<a.
' -- '

-

. . w .

;) v .f e . o c _e y.i*w y - ,w gaya.. 2' m .e .32 e .- 4 , . .m m. . .e 2-~ * , 3. .r. .c o -.- 2. .5 , 2- a , a - m. s w . 9 . -,v w.2w- w.6 s m .-w

2* q, 9 m. a. . * . sw. . 4 m m .4 mm = 2. a4 an. mm-lg]. . '
1m= . , -

. n m.. a. .m e.3q -

ws ! w yw 4s s

me r ~n . s

cI (011g.. e . s

^2 re y . q, a. . g .1 n - 4 . . .i y o. a- e2 y. w . . .k-o -w o -.-g .-2
. wuw i , wo. swa w - w

77 .i c y c. .;. *. .f y=6. s. y 25. .f ai d ". 'a e ." "o o ." V " ' a. " .' . ' . ' " . ' . '2 w^ ~. a. .*. a. A'."..' w .n ". . a. w' A"
= r - ' ~

. we , . . ..
"

<-w

, - - . * S S. ." $. C 3. . J. *w . - *.% M y *eP.M. f . .f. a . ' e' a* g [ .$[
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h ; In general, the work tnat we do at Brookhaven

2 proceed 3 cs fo llows. Th is is the way tnat things have

3 de ve loped historically. We identify a CDA phenomenon which

' we think is important. We then do some preliminary analytical

5 modelling of the chenomenon.

6 Us ing that mo de ll in g , de try to develoc scaling

7 relationship s wich which we can take a simulation experiment

5 and extrapolate to a prototypic system.

9 We then set up our experimental model or exp eriment al

10 s imula tion with which we acquire our data, see how well it

il compares with our model. After we have a model nat seems to

12 agree reasonaoly with the data, we can then use our model to

13 predict wnat's hapoening in the protypic circumstance.

(- j. exOr. .<: .3. n, : Mr. v.,nsberg, I co u.3 d co nclude that yo u-- .- -

15 have oegun this investigation de nova, and I sort of douct

15 tnat. It must nave sone rel ationsnio to o ther CD A wor k.

17 MR. O I .'lS E E RO : I'm so rr y, I dion't catch the

i. s m. ,,.< .n <n c.e ,f v . . .
-

., , , m. e . l n .- . , . -i ys . e

jg :w: e. x.: .n : L .= = y ..,2. . . - .~o- . . , ~ .' u a. "...."!u"-
*

.

, -- . . . .

20 cpening remarks tnat you nad cegun this in ve s t iga t io n ce nova,

21 and I don't ce lie ve that tnat's really true. The pnenomenon

22 at wnicn you're Icoking must nave some relationshio to tne

,, - a .' .~y i 4 v o s *w . y - . a. d v'f.

*-a- .an a. D e v~ -a
. v'n~- o. n o,n o. n w^ : ' -- .-y: Lb. -V. 6 ww i.Ow vv- v . y

4" a . , . 5' .e .m.~=y2
2 - v,. v.4 n/,. ;34 n. .' v e r. .= . . . , .s .4 * s.g g ,. a m..a - ' . .e

. . .. . j ivo - o - .

~ ' r'. 1 m. 4 q 2j y. . z .. yma. .v. - mi...- a. a. 4
4 y a . ~. 4 - 2 . 4 . . m .-a

,
n - 4 s y y

a 2--

.20sil' G L
.. f l. . ') 4
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:h 1 That's sort of what it sounded as if you were doing.

2 MR . GI NSEE R3: That's correct. But wnen I say that

(^ 3 we identified phenomena of interest in CDA analyses, this

4 iden tif ic at ion is not done in isolation from the rest of the

5 LMFER community.

6 P R L.' . KERR : So you must have picked some or had

7 some a ssigned to you. Could you give me a little ait c e tte r

3 insight -- mayce you're going to do that, and if so, I will

9 wait, on how your work fits into that ceing done oy others.

13 10 . WRIGHT: A li.ttle nistorical background cef ore

J1 Ted arrives on the project.

12 3r ookhaven starteo out aoout four years ago primarily

13 concerned with heat transfer proolems and post-accident hea
,

.
1* r emo va l in convection, natural co nve ct io n pcols, coiling

15 pools. And they applied -- tney were e ssent ially wor king

15 on two-phase heat transfer, two-phase flow heat transfer ano

17 an e xtens ion , then, into tne transition phase phenomena

13 a c o ut tne tine Ted got on the scene was a natural developnent.

1^ So ney, anoer our direc: ion, moved into areas

2: wnere their competence fit our n eeds . They oidn't tefine tne

21 or:blems f ron scratch.

22 MR. GINSEERG: I can ce more specific new with nis

:^. slide.

. ,: 3 ,s
4* (w A w ,w .s/*

CN *..e..'.q a .I .i m s. m e a. S c . i u q .. 3 aa ag e .4 '.- a m e *W - - vy.
6ong m y o m .e m m.. aavas s .. y. y .

W. , ' # % I 9 9">O Ad .
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:n i currently extant at B r.co kha v e n . It's a variec program.

2 Experiments invcive mechanisms in the trans ition chas e of

'

3 the loss of flow accident, post-accident heat removal.
,

a in acdition, we are starting up an experiment

5 related to a ccident energetics. What Bob was re f e rring to was

6 tne fact that the program did get started at Brookhaven witn

7 this program, which basically asks the cuestion, how is

3 energy transf e rred f rom a boiling pool s ystem which is confined

7 in some structure to the bounding walls of that s ys te m?

1 It was a post-accident heat removal problem at

11 the time related to the surv'vacility of retaining structures,

12 wnich are holding boiling molten pools. The program cegan

13 with this and it oegan witn this particular experiment cecause
..

s_ 14 it was related at tne ti.ce to a prcolem tnat came out of

15 licensing efforts; ir pertic ular , ps eudo-l ic ens ing, ::T.: ..

15 At the momen t, the way tnings have develooed, tnis

17 o .f' .i..y . oc .i .i .n ' ^ r m. = . .i ^ i .' s a .' 2 c u's a. ' ".1 . ' - . . . . a = c *. a . .' ' .4 . y. . . . s.
-

. . ..

1. r.a.w 2in asaa.c'.s ^# * h. s. **'s.'. e. # *. .i a ". gimsa..a
. -- g v. .. .. v4 .

jg ". .h a. e 6 e.a. w. v o y t i .1 .j,.am. a. 6. .m.s. a 4-a v.yu.
a w w a3 2- e g m,,e .

a. g a m. o.wm..-r
6 vw. ..i -9 w

,

fw33* * R. Q. ] 'w' .I * ' eh' s * I] Q g:--..T O. d * ' O. l. w3 .I v . 2. *. .iC .a OnN M. wQQ9. s .i .m
*mea -F *

.. .. A w .. .~ . s v . . sy

*uj e j .=a - . . . 4
- a w n g .i c. q. . , ,e....-

*

~, 2 e .- . 3 .' .' y. a. g .>. .q .q g , j Arg; 'n.... 7 0 .1 . a. .n.
4 , 2

_a
-

a y. s . um. . -

77 J'w'e .l #'*W '.9 " ^'e'y'.h - * ~ .' .' J '.' v' 'o s *. ." 'J " *. ' ' ". o. ','*
. 4 Aw i v . . e vc-

23 Th a t also ess a pol ie d cc bas ic .ssues inve' vec in

" < -e. 2 . ..o. .w ..iy.

o=
as
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O t_t . ; m W



JJ/.ll.c) IJ 9,---

h 1 P R C.C . KEER: If I am not mistaken, .srgo nne .4ationala

2 Laboratory has also done some experiments related to *.e

^

( 3 transit ion pha se volume . Is there some identifiaole

a relationship between what you're doing and what they're doing?

5 Are you, in effect, doing work that gives you an

5 inde pe nde n t icok at some of the proolems on wnich they have

7 worked, or can one comment on how this is related to that?

o 4, n,. vii<ac:nG: ,( e s , there Oerin.,tely .s a r e ., a t io ns n i p- -.,,- -, . - ,
. .

9 The relationshio comes about in the following way. Their

10 experiments primarily are protypic material experiments and

11 we believe, as sucn, provides them with a relatively limited

i 2g g.e .,,1- a v =. .' .! a n .' a. .' ,. - = - , u .d . .i .a. , da.a.--
. . . .a . . .. .

la ine e x per tme n ts that we're doing are witn similar

i
s- 14 materials. It allows us to use wnat we feel are more detailed

15 instrumentation using similar ma terials to a ttack f unoamer. tally

l$ similar systems.

17 I can ce more specific as we get to nese various

4 . .r . 2. s . I .2n .2.,.o. 0 . .4 .: 3. . . m2.,-. .s o <,

. _ .- -< 2x
. . . v m ..-~.. . . . -.i. . a J a. .c ,

-.,

a. . .

y o. -2-. ~3 4,., .,2- 4 ., ,u,. . . m. 2. .- .! .2,, ,- e ,.,aes
1 . .<. a.;; ,

ys , , .-u ~ ..-... . . - - ..

20 ? ; C.C . KERR: As you discuss tne various items, I

- ~. .na..'y"u .
'; ,< , is s , . .. .,: . .< e, y . .n 2 . 4 , , . .." ha

.....u.. s - a-. .. . w .

-, , . , . . . - - , , , ..,

.44 g1:: . u.i.cd:nu* uK3y, *,ne.

23 (Slide.)

02 c- . . s. .a .s _.-2 .,. a. - , * 2. . 5 'v .9 5. '. w o. = " a. " ' ' "* s. .*i .' y- *
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th ! question of recriticality during the transition phase. It

: - a. a . d s 4 .= s u a _c .- a. - a . m" .' n ~, '. u a. .l .. = ". .i ' r. =.7 -d '. .a. a .i .' 4 * v. -f^ *
- . -- . v

--
. , y- .. .

(~ 3 the steel vapor to keep molten fuel from collapsing on itself.

4 This mult i-pha se fuel relocation again is a

5 transition phase-related issuc involving recriticality

6 potential. The potential of reactivity loss of molten fuel

7 as it flows out of the core region. It also involves

S considerations as to whether or not you would form a bottle

9 coolant during this phase of the transient.

13 RRCF. KERR: In line with your earlier remarks,

11 simulation phase is a pplied to a multi-locational chase

1- .'. =.e .i q^, + f o- =. ^....' s .- ^s ^ .1 a. m . . ' * . = . s ' *~ . = = n. s '..".a*. v. o u ' .- a. uc4.1y'
- . g . . .

13 simular.t materials rather than fuel and, say, sodium.

<

(m . l. v .m .
,,, -.h_, .,sv: Ab s o .3 u t e l y.v. oor that's correct. If you

1:s gn.?"s o. n ; u s ' v n. a_ .T. ^ 9. a. . *w , I'.l.l ^ 4 v a. 'f o u = '.'f y" .4 . = .1 a. x = a r^ 1 a. c'i ^
. m . 9 - . . .

|4 k. m y- p p a. y.nn. a m. , - 4 .q 4mse.k- d w.em pen.i 4 e n *. .E eq *Q. v n e m. e ". f m .e.mw
. 6 . v-

*^ *ns - w w w y s .vwy -yy w w

1 '/ "w e
1

m * m. ". <[,m .s .k a. e. w. e -pe-
v .- v .-sC __l

,

;a. . .< e 2-1 1., w en . .z
~ i 4
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.h I what we call a transition phase as s e ssment task, in which

2 we are trying to a sse ss wna t's oeen done with respect to

3 phenomenology in the transition phase and to put the issues(

4 into. perspective, how do the se various tas ks or how does

5 e x is t ing inf ormation fit into the overall picture of the

6 transition phase accident as it's hypothesized to develop?

7 So nere we're trying to identif y k ey safety is sues .

S RRCF. KERR: Is that primarily a look at experiments

7 that bear on the transition phase or experiments in anal ys is ?

10 MR. GIllSEERG: The a ss e ssme nt includes a look at

l' experiments and analytical models wnich are used to

12 characterize those experiments.

13 What we are not doing in this assessment is looking

A- la at w.'.oie c ore accident codes. We are not looking at that sort

15 of a::1 dent analysis tool. We're looking at phe nome no log y

16 and the models of : nose phenomena.

17 Joes that answer your question ?

13 PEGF, KERR: I gue ss it does. But I am pu;: led tnat

19 one is restricting one self not to looking at wnole core

=~ - . n. .e a.a. n ,. s e n a_ e s .e .an n a. a -2-
. am . n e,t, ... .,a. o n a. o< .na. ,<n .< a,-s es . o . , . m.. . . . . . -

ci purposes of scae of t,e se was to a ttac k tne transition

c' o ...,.a = a. .--

_ .2 v..:.. n. .r s _= = _= ..3 ;&. . a . a a. s - a. 1 - n .v .< m, ,, a. .
,

an. _ . . -e - . a. . a. ..a g. . .

24 indivicual necels uni b are in : nose a ccident analyses.

:: v::; -

..,:. -,_....: 3. . . ..<..i.. ....-a. n. --><.y< ,, =. a1%c .,
. s. sv... .. ..4.
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n I total part. You are l ook ing at that part of the code that

2 might ce in the transition phase.

3 MR. GINSBER3 That's right. The re .mignt be a model

4 descricing the flow of molten material through the core.

5 We ll, we can take a l ook at what the model is and see whether

6 it's sound, physically sound.

7 That's the approach that we're taking.

3 PROF. KERR: I think I understand the cistinction.

9 Thank you.

13 (511de.)

11 VR. GIN 33ER3: The purpose of our core dispersion

12 investigations are to characterize the flow dynamics of fuel

13 steel coiling ocols and to evaluate tne impact of tne se

k- 14 flow dynanics on transition pnase recriticality potential.

1~- We have oraken these inves tiga tions down into two

16 parts. First, a series of ediacatic simulation exoeriments

17 in wnich we are using diffe rent fluid pair conoinaticns to

17 .' - ..> =.- v. . a. ''.w d v. . . =. ~. .< c o' . n o ~ .". a s o " . . . .' x . '. - a. 2 . .' ' .' .'-
.. e . . . -

IJ descrice tnose e xpe riments i e mcment.

22 Second, we are also invcived in a series of volume-

2: neated dispersion experiments aitn simulant fluios ano also

22 simulant heat sources.

- =, ,,, < . , n. r. u n. , g n a. n . s o <. . ,o. --- ., a. , ,os wv - s-, . w v .g . . ywa -w w vw .i. y. sw ...

^

4 .e.,. . . v .a, + , - 3 ,. v;. 2 . . . - a .w s . ,o. 3. , n.y a r e.s y n g . < -...2 g-or . c. .2 .g - o. . . _c 2.i-.. .v ..s. ... ..a , .-- w ...

c ;. >

.'.4 a.)~

(w s.

* r F1g,
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h I Wi tn espect to the hydrodynam ic aspe cts , we have

2 two tasks. What we eventua lly would like to do is inject

[ 3 gas in the neavy liquids in a volume-distritutec fasnion to

a s imulate tne boiling process and ask, can we characterize

5 the flow benavior of, f or e xample, mercury air systems and

5 we'll try to relate the behavior of mercury air systems to

7 systems such as molten fuel with st. eel vapor o udbling :nrougn

3 1 w .

9 de> 11 try to make that identification.

10 Th e se cond ta sk arose out of the first. As a result

li of designing the volume-dis cributed gas in j ection test s,

ii certain basic issues came up and we decide d tnat we .ad to do

13 some preliminary tests to see whether, i nd ee d , i t via s wo r t h
.

la going on to our concept of districuted gas i r. j e c t io n.s.
.

15 Because our time is limited, I will in a moment

!$ describe tnese preliminary feasibility tests cecause i t does

17 .crovide some useful ins ignt s into One flow cynemics of volume

., . ~a n . , a a-< , .,, - , . , . = .- a. s. y. -. -

,; 2 _an_ .. .;w._yi..,o. u- s o. .- w 4 v o. .c , ,. o. 2. 2 .~2.
2s - ri _ s =_-- a,,

m .... w

o e. :. ~ ,
..e. w .= vs '. a. m. . m . a .' . .' ^ . c .# r. .d . '. 4 -

'<m . . = ,. . . e 2 ~-v- -. - < c a. r. . s:- -- v w - w

21 wnicr we celieve are rotyoic in some sense.

22 " ext, dispe rs io n i, internelly heated coiling c ools.

--o, ,,2 ..o3.,.,s - , vo u .'= w 'w.' . = , ' o. - a. s w' .' . s ^s 'a 3- *nvaD- - 'a w= *w2 c' - ' a' s n^
..a ws ..s w w y

C. .I . e * w ' * 2 .I . y n. O 3 * J. M=), , : 3 .d . a .- 4
.I . .E w f. ..al .f c wg . y. w y6 s s .ws .

9W--w2m I*;r e *a 2n 3^3 w .. .w -
,

4 a w s a ww Cw g .6

7. ,7
. .m ma .' a * 2 t.4 N a, -272 .sr a.w - A .? .= .e 7' ; =. 4 m - a n. . d. * n a..
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:h 1 inf ormation nas oeen used outside our iaocretory.

2 Next in tne series of tests ne . ave clanneo are

- ? the microwave nesteo nipn power dispersion tests. I'll(

a describe tne rationale of those tests in a moment.

5 So we f eel that we have a coupled program cirected

6 toward the thermo and nydrodynamic aspects of boiling pool

, , . .

s cenavlor.

3 I'd lik e to now s klp the next couple o f slides -

9 they're in your handout -- and go on to snow y o u --

Iv3 (21.<v .)a..

11 -- O n e 3.cparatus that we're using tc do our

17 s .i m u .' a A' o .*6 a.x a.. .i- a. . *w a .- .r .-i

13 In particular, the series of experiments wnicn are

s- 14 preliminary to actually getting into our volume injection

l'. .= v. s '. a. . . /r. a ". v. n u s a. a. " o. . a. .i _c a_ * a. s ' .* * ~, , = v a. . * .* ~ = 1 .a.--
* e*- .

. . .
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i .
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h I tne axis c'. tnis test column. We nave the capability of

2 inserting a gar.ma source nere and de tector nere and make

,' 3 void f rac tion measurements and we'll get void fraction

4 distrioutions along the axis anc along the transverse

5 d ime ns io n .

i What yo u s ee he re is a transversing system capable

7 of moving th e source and detector system both axially and
-

: t r a n s v e r s e .iy.

9 So we'll be looking at void distributions. What

10 *e've do ne so far is to make stati: pressure measurement; and

.11 t' use those measurements to interpret what the averege void

12 f rac t io n is, or the average void cnaracteristics are.

13 Wnat you're seeing here are the followings Inis

(- la c urve presents tne void f raction versus tne vapor velocity,

15 the dimensionless vapor velocity in pro oortion to th. volu'e

15 flux of ? r tuccling througn tne system.

; ,- .a.a. - ,. y a. .u. a y a - p ., n . ,s ~ .;a . ,. .i u ~.1 o s ,-~
. - m y . a. g a ,v . .--- - , , ,

v w* u . i
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h ! versus vapor velocity proportional to the vo l ume flux of

,

4 vapor.

(~ 3 What one finds is that, in it ia ll y, at low veoor

4 flux, the data inc re as es -- tn e void f raction increas es ratner

5 sharply with the vapor volume fraction. And one notices,

6 visually, a buboly flow regime, something that you woulc

7 characteri:e as butoly flow.

3 Ho we ve r , you reach a point wnere the nature of the

9 flow cnanges. Sucoles agglomerate, become larger, and you

IJ get an abrupt change of flow regime together witn an aorupt

11 crop in void fraction.
,

14 .nis type of cenavior nas been observed before in

13 this type of exoeriment. We also nave obtained similar
-

k_ 14 results with electrically heated tests.

15 What this means to us is that one has to

16 a ppropriately cnaracterize what the flow regime is and anat

17 the coupling is between the vacor and the liquid cor.ectec

13 to tnat flow regime in order to acequately characteri:e

17 :ne fuel vapcr d is t r ina t i o n .

20 P R C.: . KERR: The gas and ne fluid usec in this

21 exceriment nave oeen --

22 V.R . GINSBERG: This is water air. We are coing to

23 use mercurv air later on to mark uo ne lioJic vaoor te sity

24 ratio more closely.s.

25 50 :nese are oreliminarv test rec _its.

: ? 4
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3n 1 (S lide . )

2 On tnese hydrocynamic tests, what we found is tnat

s *w a o .l a. *^rou,.1 1 a. = .c + * 1 .- a a. . ... a c**-

3 ~ 7 a. C a. u". ., ' .l o w r a. ~, .i m~ a. i-s =* . ..... -.. .

(

4 * h o. hu o* 12s..a. 1 4 m .4 +. - ... ..

5 Those of you who are involved in the process

5 .- o r. o , ., .4 ., o .n. 4 s .", "*. a . a. .l a d ' a. .l i . .. .i * I *w d e s c * .i c a. s *..h a. a. o *. .i ^ n. e- .. . .

7 that a boiling steel f uel pool indicate heating conditions
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I m e s o., e o 2 0.w..o. . = . . .-~.o + p n .{ m ,., a.dd.o. .s.q ,wi ~e **=

w. .o s .

2 CR. SIEJEL: :s :ne re any qualitative definition of

3 wnet churn flow is?(

4 ''R . OI.NSBER3: Churn flow is charactericed oy an.

5 o sc ill a t ing, chug 0ing flow benavior in.which you ca nno t re a ll y

$ identify individual 'eccoles.

7 It's a m.uch more random-type of 11ould vapor flow

3 system :nar bubcly flow, where you s ee individual outble s.
N
\ If you ccn i.magine a dense packing of ouccles breaking cown7
i

N 13 into _erger buccles and tnose larger cuboles then oecome

i l cnugging. They start to cnug and tne column starts moving

12 very dynamically.

13 This nas oeen identified with a churn flow regime.
.

\- la One of the things I was trying to do that we will
.

15 cc, one of the objectives of tne program is to icentify flow

10 regines. Jne of our tasks is to use :his gamma system to

17 pernaps cut a cuanti:stive estima.e on wnen :n e flow regime

i :. . .n a n..- o. c 0 w- . . .s g . s. .
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n 1 The implications are, we celle re , tnat tne

2 aisperseo flow regime is more limitad tnen it is in the

3 literature anc :nere are butcle stacility e f f e'c ts on t."is

4 coiler potential.

5 PROF..KERR2 What do you mean by tne dispersion

6 regime ceing more limited?

7 MR. GINSBERG: Going oack for a moment to tnis

S curve, if we look at the void fr action versus the quantity

9 proportional to the volume flux, if you u:e the Kutatelacce

cri eria, whlch supposedly telly you wnen the churn flow10 t

11 regime creaks down into the dispersed regime, you'd find that

|2 it woulc.tell you that that transition shoula take place

13 f urther down here -- let's say cown around this region.

\_ 14 de have operated up to here in the churn flow

1s- - a. ^g .du. a. ..

16 ne conclude from this, and we also have da a from

17 electri: ally heated sysems, that the churn flow regime

1 ~. s.is *. 2 .". .i a, .n a. .- v a .l ' a. c o' ' vaan- v ^. .' "v m. a. '. .' "x *. . ,: - - n. .i ^ * o. "*"a. - *^
. . .rs. y. .. ...

}Y my *gp .s .t* 2 * o. .l 2- w a s. .l i .m...i *(r... A
, .. . . ..

*
. .. . 4 . v . y . . .T . o* *. 3 ^O. .C O. . O. , .T N. S P.Q . .] " O. .- M. .Q^Q -- ..

^v . v.

21 this volume flux parameter.

22 V .o . .Y. A. .c .t .. .'i : .:. .:.G : w v u .l " ^'*=.>.a. . ' * . .e. a c * a. y^ '". ~.^..c. ,
^^

- -. .. . s . 4 .- .
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h I Let's imagine that we go f rom cubcly flow into

2 churn flow and then into disperseo flow.

~'

3 (Slide.)
s

4 Su ppose we go f rom o ucoly flow to churn flow to

5 dispersed flow. It turns out that in cuboly flow, tne

6 coupling between the buobles and the liquid is very tignt.

7 They tend to move together. It tends to want to make the

a s ys tem more dispersed; whereas in enurn flow, tne vacor can

9 slip cy the liquid much more e as il y.

10 So if you put it in tnose terms, it c a n' t c oo l the

.11 liquid uo witn it.

12 DR. SIEGEL: It c a nnot ?

13 MR. G!NSSERG It cannot. It's less easy in tne
-

%. la churn flow situation than in :ne bucoly flow s ituat io n .

15 Okay, now when you go f rom cnurn to dispersed,

16 we don't have any of this data yet in the dispersed flos

17 regime. If you use previously existing models, slip models

13 for tne discersec regime, tn e /' ll le ad you to the co clusion

19 :nat wnen you go from churn flow to disperseo flow, you wan:

20 to go to a more comoact situation. Tne vaoor slips even ore

21 easily oy ne droplets and you would expect tha: the fuel

22 vapor distribution in that case will ce even more compact

23 than the enurn flow or tne cuccly flow.

24 So as you go f rom bu ocly to chur- to disperseo,

25 it wou'd ecoear :na; your potential to -a int a i, a los fuel.

e,.:

h)ar*td
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.h I density oecreasesi the re f o re , your potential for recriticality,

2 it would apoear from these types of arguments, would be

3 more nighly procable as you go into tne dispersed regime.

4 It's a ' ton of coupling bete.een vapor and

5 liquid. In the bubcly flow reg i:a e , the coupling is very

6 tight. In the dispersed flow regime, it's very l oos e .

7 Therefore, the dispersion characteristics are diff erent. And

3 you can see that on.this plot wnere I'm showing what I call

9 a pool average vo id f raction.

10 And the pool average vo id f raction is merely,

J1 Imagine that the liquid level without colling is rou;hly up

12 to here. Once you start it oubbling, if the level would go

13 up to twice its initial height, the void fraction would ce
.

L. 14 50 percent.

15 So if you use that as a definition of average

16 void fraction, then you find the f ollo wing.

17 Here we have our data, and I don't want to go into

la detail a: the moment, out wnat we do get from :nis is

19 baseo upon calculational results, cased on models whicn we've

20 used to preoic our data, wnat de find out from the churn

21 turculent flow regine, :ne pool average void fractio- for

22 a given volume flux is much lower nan it i s f o r c u bc l', f.ow.

23 This means :na: oucoly flow is more disperseo. I:

24 tends to screed 1:self out more .eadily : nan oces tne cnur-

== <,na - a. . n, .< _, a_ . n.n ~. _ . ' * w =. - =. 'o _ '. ' .=_ 2 _= m.. . a_ _ = ~ . ~ ~ . _=.. =~..--*
. . y . .. . __ .

- '' * '. '
-. .. . .

.o a s,
D L1as AD
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h I for dispersed flow, you would get a curve. Tnat's down in

2 this region.

3 So butcly flow does tend to give you a more dispersed

4 fuel configuration.

5 No w I should point out that during the CRSR

6 licensing process, their arguments were completely beckwards.

7 The implication was from their arguments that the dispersed

S flow regime was tne flow regime which gave you the least

9 fuel density.

10 It turns out tnat tnat was completely wrong. !

JI think that's recognized now.

12 P R O .: . KERA: You :nink it's recognized, out you aren't

13 sure.
_

\_ l, MR. Gid,o- env:r -inere nasn,: ceen much done. There .s,c

15 one paper whicn was presented at tne ASME meeting in A. lanta.

16 PROF. KERR: If your data are valid and are

17 extrapolataole to the core materials, there wouldr.'t s eem to

la ce any douot.

19 VR. GINSEERO: The cuestion is anat's acmitted to

20 in the puolisned liter ature. And in tne puolisned _iterature

21 Onere is one article whicn coes finally seem to put ne story

22 straight.

23 I can oisc uss tnat article witn ycu later f cou're

24 inte re s ted.

25 So I celle ve tne work :nat se're ocin; has neo en

u g.. 3>,..
--~>;
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n ! impact on tre community.

2 ( 511 de . )

3 I'd like now to jump to our program involving
t

4 dispersion in internally heated ' olling pools in wnich wec

5 have dor.e some electrical heating tests in coth large aspect

6 ratio geometry and also small aspect ratic geometries.

7 And we have planned a series of microwave heater

3 tests for a reason that I'll descrise in a moment.

9 (Slide.)

.1 rs t, just for a orief moment, I'll refer to --10 :

.11 what I nave here is a description or a pi:ture of an

12 a ccara tus which we've used in ne past to study the dispersion

13 characteristics of volume-neated pools. I t's an e le c trically
,

\- 14 hea ted s ystem, two electrodes penetrating a vessel wnicn is

15 filled with a conducting fluld.

16 de apply cower to tne system, and e f f ect ive ly,

17 these initial tests tnat we d10 witn this, whicr we nave

15 reported in the literature, in tnese tests we coserve d

Id onotograonically enat the flow regimes locked 1. ?. e . oe also

20 octained a measure of tne 0001 average vo id fraction, ag r i- ,

21 "a'..*n oad " ' *v, ..".e - o. A a *. . v a. .n a. ' ". w .,.u-s.' .' .# . 4 ,- " = . . ' . . . . = .s . ., , . . y

u2 Y' .?. C 's t .9 :.v._ .0. n^ : - . . . .' s d ' - a. r . ..-o... c. .' =. - w - i -
' ' ' ' ^-a - . .u . . ..!,

2J u.n o
- m - rec:a n. -.n.4 h Rue

<- - -
J das .% J .< w

24 P R C. . KERE: At a .a t f equenc v?

0: ,y .a. . 2 . .,. s v _ .:. : . . < .c .:.c . - . . .
car

. ~;....V .eus

,4 '*Ois t l e )/ , _
.

i L?
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-A n a n ,t you.
, , - - ,33.L. . AnnR:;n 1 .- r

2 V.R . UI N535EG: So we did study tne coiling

i 3 characteristics of this type of s ystem and my ourpose now is

4 not to discuss these experiments with you again in detail.

5 What I would llke to show you is *.ou we used tnis

6 3xperiment, how we used this simulation experiment together

7 with various assumptlons and how we've applied the re sults

3 to productivity materials.

9 (Slide.)

10 Sa sic a lly, tne question I wanted to address is

J1 what's tne pctential for dispersal of colling pools of fuel

12 and steel, and now do we use tnis data to make that

13
-

preciction? If we a ssume tnat the a ssumptions are One

b- 14 following, that tne steel is uniformly mixed with the fuel

15 and at saturation temperature, tne vacor production is given

16 oy this cimension-le ss vapor flux which we saw or ie fl y

17 cefo ehand, nat the pool is open at the top and na: one-r

13 cimensional drift flux mode ling acclies.

19 We useo one-cimensional drift flux modelling tc

20 descrioe One experiments.

21 What we f ir.d f rom tne se assunptions is tnat we end

22 uo with wnat we feel are two scaling paraceters, Thi s

22 dimensionless volume flax croportionate to the power density

V 24 of tne fuel ano anotner dimensic.less vapor flux wni r

o= v.t2-...<,os..4 . . 2.ia.4 4,, ..-. = . . . . - - ei a .- 2 s --o e2-e-
.. .

c :u, ..s.. . v . ._v - - --cy-.---. . . . . - -

,. '#) iu d* - ea su
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- 7 . l u,. ,,,, ,
-

;h I flow regime.

2 pRCF. KERR: Now do you nave evidence that those

3 a ssumptions make any sense, or do you just not know vihat else
s

4 tc assume?

5 VR. GINSEERG: At this point, we don't have any

6 evidence. In tne first, for example, we don't have any

7 evidence regarding the separation of steel anc fuel. What

3 *e co nave is information wnich tells us, for example , tnat

9 in the cnurn turculent regime, we expect a very cynamic

l' mixing situation and perhaps it's reasonaole to say tnat the

.! ! fuel and steel are nomogenously m.xed.

Ic, g ,. ao. s . n n y a. , n ,/ w .< - a n . a ,/ < aE i,. n a. ~.8.,. ...a s - a-.
8 e

. e _e .-

), y = 1 4 s. 2 - u .. a. n * .-.9 .

\- 14 And one would like to, ln the future, addre ss that

15 i ss ue . What's the effect of a second component? There are

15 experiments wnicn are currently ceing develooed elsewnere to

17 a cdre ss the two-comocnent i ssue .

15 FROF. KERR: Okay. I Onink you're saying tnat tnere

19 is some .nformati:n tna leads you to celie ve the: Onese

om .n 2 S ,w, w .< v, n. .c - s a v, . . a .; o. . : ..- ..^.a. - =. .i s - -=..=.'.r.2-2 - o. , a n .c 2-a . . .--a w.r .. r v ..

s]0 a-..n..,. m. a q. w, .4 , y .< e s/ .
e

-..u - -.

22 VR. GI.NSEERG: Yes, Onere certainly is.

e3 (a, de.)
-

i 24 .M.;. . C .' .N ;: :R. ' : .i . . .n a. ..=. x . .e .l .' " a , .i > ' a- . .'--.<.'is- =--v _ . . . - - -.

-
.,

40 Onese two carame*ers 3 gain, w9 as k9 d, de.3 wna! ar9 ne.

<: 'n
LvLb . s mLJ ]



__

337.12.8 150

p r ot o t yp.ic conditions and what are the conditions of our:h a

2 experiment, present water experiments and prototypic single

3 a ss emole and core-wice molten UO2 st eel pools?

.:irst of all, our present water experiments are4

5 admittedly single component experiments. In the prototypic

6 situation, they are mutil-component and mult i pnase.

7 So one has to cear that in mind.

3 Now the se two scaling parameters which we derived

9 f rom our analysis, in our experiments the value of Onese

10 parameters range from zero to 19.

]! PROF. KERR: Eonenew got lost. I tnougnt that we
*

.

12 were telking earlier aoout air sater experinents. .Ne're not

13 any longer.

\~ 14 VR. GINSEERO: The slide :nat I put up previously

15 was tne alectrically Seated pool system.

16 PRO. . .<E RR : Okay, and water is always solid. No

17 vacor.

:: : . :::: .2./_ - - 4., . n. ,, cv e .o.... g o i . 2_
.v. . . g . - _ . . g : 1. -

2 < . .-

,; - m .:--~.4.,, 2--,.. 4 ., . . a, s s .: 4 .- r ,2.. , __v
---- - .. .

.

23 .D .;. 0.= . ==
- - . . .. . . ' =.~< - 3. : . . o. . . .. .+ ~ =. . . . = ~ . . . ~ . .,=va v = .- -

' '' '
,

m1 > ,,4. . 2 n, ,-,/ g , ,
2 + .au. . , , = ...s. .a.,, , , c o, . , : ,;,,

. . . . . - - .- ,.. ... ,--.. --. ,_-

-,

ce system.

23 VR. GI.N555RO: Yes, se are, volume coiling syster.

: :. . cn: : :.v. _ . . .a. : 3 .c .e.. . ., --m. .m.... 0 2 , .<. 4 e .e. -.'. >H 2 2, 2s. . -s -. -. .. ..

7 :... emm 4 4*
. .r- - . ~ - 2,. c -. m a. |.2,- .

:

-a s . p. - -o- u . . . s. e.
-- --- -- - --. - - - .

~'s
'O **4

' sb.
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n i apolied to orototypic *ransition p.isse condi t 'o ns , tne

o a .< ,. o. .a s< r _ .1 0 --ce v o. .i o - < ,/ i s to.x 3 p. s. + ,i s "4 v a r.. 4 . v. .i s ;^*
- - . s - -i. - .- .

3 And ou. a *. a 14a ,- i *. ,*. 4 .9 * * ' .s - = n. . ,' a. c .' ". .i . . =. ^. s .i o n .' a. _= = = .- = T. =. *. =. r sd
e - . . . . . . _ .

-
.

4 and we can make a prediction cased uoon :nis model. And

5 cased upon our inf ormation, we say that the fi^w regime is

6 churn turculent and that th e p ool average vo id fractico is in

7 **4s .anae, 4 - .7..... g -

3 ,m a. - s. a s g . ' . ' w a. .h a " e *. m. a. y 1' '/ * h .4 - ^ov..'.. da *^ - - a. . . a. .n *.. - .. o .- y
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12 the pro to t yp ic c irc ums tance .

\_ 14 PRC.C. JGERR: Wnen I talk aoout powar dens ity here,
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$ 1 with :nat factor, the void f raction is on the conservative

2 side?

3 Could you say -nich side you are in your average

4 void fraction? Do you tnink you're overestimating or

5 und e re st ima t ing ?

6 How good would you say that that numoer is?

7 (S lide . )

S VR. SINS 3 ERG The credictions were cased ucon tnese

9 curves. So our experiments run roughly uo to ne re nd ae're

10 trying t o nake a crediction up around this range.

J1 Th is t ur n.1 out that this mocel shallows out quite

12 a oit. If you were to extend :nis model over nerizontally,

13 you would find that it snallows out quite a cit.

\_ 14 Th e re f ore , I woulo say that it appears to ce a

15 reasonacle extrapolation if no flow regine transition occurred

15 You can perhaos see that fran here. This joes

17 shallow ou; significantly.

"3i .o ...a. e x. . . = ^r ^ .1 = '. .' ^ m ".. - , . . .h. a.. . a. .- ".a-a, . a . .# a. v a. ,
'

. . . . . .

19 seems to ce reasonacle.

20 This caraneter is rougnly up to 20 1., cur

0 ; o. x - a. . .' n. a. . . _- a. d. wa. ,a < a. .- axca '...a.,. -->- ./ ::-.
- '- -g . . , . . wy i.efi--

22 30 ca59d ucon One nocel, I o911eVa the eX:Tapelation w o '- . d

23 nc: ce unreasonaole.

24 (511de.)(

e- 7 2 ,no.s.- .,2 . . . . s ., .- - o , 2 1 ,,.2a. -2. %.. - .:.4--hs ww -.O .a 6- . . w w/ w w .4y .. ww ... y

LP d ,g ? K',6s . .T
.O'
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m I steel is s ig r.i f i c a n t . If you're generating tne va po r , the

2 vacor seems to have a potential for keeping tnis molten

, 4. u, o 1 . ,. 4 .i e ms up..
r

4 The basic issue becomes how much vapor can you

5 generate? That's a question that's tied to the global

6 tnermodynamics of tne system.

7 We've had to extrapolate to higher power densities

3 than, strictly speaking, our data allows ano we would,

9 .s. e .o.. ,o^sa. -".a* avpa-f. . . ... a q *. s " e u - c a . +e a k a n. a* h .t ^ q a .e ~. .. r .. .. .. . e m -- ,.

10 powa. d a r. s .i ' ' a. s .4n o rda. '-. ". s *. ^ o a. --..o - a. a - ^ r ^ ^ r .' a . a. l ym. .. . .. v . ry -g

11 crac ke t tne system.

17 .Nv^ w * % a *. = x a. - . 4 s a. * ^ = * I .i ". s * ^ =. s - .i " a ". w.n = *. T.
**

.. . . . . . . . e -. .2

1. ' s. a. .' .is * v, y .i . = .' . ".e w a "f *na* w a. s a. a. . .n .i .n. 2 **. a o - u .n a v a. .n^" * *
. .. . .. . 3- _ . - -

14 and we try to apply tnis sort of reasoning, wnich we wo n' t

15 oe able to go into now, witn the various otner experinents.

1s a' .. .- se .n2 . .i .,. 2 2 r .wI ,n o. C. ou.4J. .N ., oe - .. .v wv . w

Q * v y. "Q Q. ..S...k*. .
@., MQF .M..Q..N.*. $. P.

* * A ^ P Q * QF. . Q .* *. 7..SM .. .. . .A. B.y.. . .
. w. + i . y . . .

3 M. . 'W O. s *o ).*g W' .h M* * 9. Q. MQFf
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l

lH P ROF . KERR: What you'd like to get ideally, I would
n
H

21 think , is the unifcrm pcwer density in the liquid region.
i.

3
-

MR. GINSBERG: That's correct.

4 PROF. KERR: You're convinced you could get that

5i independently of what the droplet size distribution is, or at

6 least a good approximation of that?

7; MR. GINS 3 ERG: I believe we can get a much more

3 reasonable approximation of that than in a comparable water

9 system. We have a fluid system chosen to give us a uniform

10 power density independent of droplet size.

II P ROF . KERR: Do you have some way of telling whether

12 you're really getting it or not? Or are you depending on cal-

-

I -) culations?
A. .

,

1

14 MR. GINS 3 ERG: Well, there are two issues. One of
,

i

I5 them involving coupling to the droplets , is the power density

16 distribution is independent of droplet size, one issue. The

l '' other issue is: Is the power density issue independent of space?
,I
n
jla Okav? With respect to the former cuestion, we're going on cal-
I

-

:1

1**]' culation. Is the power density discribution independent of

20 I droplet size. We don't think we have a way of determining that.

21 But we do have extensive calculational studies to indicate that,

.

i

,,

i, we are in the richt direction.4-
-

t

23 With respect to the second issue on pcwer densit;

a > .'4 .. ., .

reel we're going to have a way of measuringcistricution, we
w~ rm amn n. inc.

9*
* what the power densit; distribution 1s.

m- n.,a
%rsse +u-
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1| PROF. KERR: So, it's quite a problem.
I

2 !! MR. GINS 3 ERG: Yes, it is a ccmplex one, one which we
i
.

_

3, feel we can understand right now.
i
s

4 And the second issue which you addressed was the
,

5 distribution of power with respect to droplet sice, which I

6 called here. We wanted the system in which the power was

7; coupled to the dispersed flows independent of drop sice. We

3 concluded here, after much study, if we go to low index of
r

9 refraction fluids , we can achieve hhat.

10 PROF. KERR: Does that, in effect, mean that if you

11 don't have very much coupling, you don't distort the field very

12 ruch?
-

13 , (Slide.)

i

Id MR. GINS 3 ERG: The distortion cf the field is a second

15 issue. I t means --
|

16 PROF. KERR: I mean, if you have a uniform distributed

17 ' electromagnetic field and you start loading it, it seems to me
I

13 i the low index of refraction material is less likelv. to c.roduce
i

19 high local loading than a high one , so, you don't get much

20 . field distortion. That's all I am interested in,
i
I

!

21 MR. GINS 3 ERG: What will happen in that circums tance,

1

22 j is when you have a low index of refraction material, your
!

22 exponential decay is not great, your absorption is not great,

24 but your inciden t fluxes , given a microwave power input, your
Ace E9Cefal AfDorurs, Inc.

,e
incident energy influxes will increase to compensate for the--

'

u o,. o :o.m>O<

-
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1

1: small attenuation factor. But as far as distribution is con-
i

29 cerned, we are locking to try to measure it. And we feel tha t ' s
i

3
_

definitely an advance over existing technclogy and existing
,

t i

4' experiments.
,

i

5 This, again, gives a schematic of that proposed

6' experiment. Here we have a microwave cavity which separates
i

7! the whirl frem the microwaves. Here is the test vessel which
i

3. is appropriately again shielded frem the environment. This is
|

9 a loop to catch the condensation and bring it back.
;

10 t I would like to show you cne more experiment which

II we are currently involved with and actually ending up.

12 (Slide.)
i

i .

13 , This is our experiment involved with heat transferg_
i

14 |
*

and internally heated boiling pools. This is the exerpiment
i

15 I had alluded to earlier, which was begun due to a post-
|

16 accident heat removal issue. What's the rate of heat transfer

17 : from a boiling molten pool to surrounding structure.
a

18! This is also relevant to the transitional phase as

l'' well as to post-accident heat removal. A preliminary report'

i

20 ' has been issued. This work is being wound up. The purpose was
!

21 : to develop correlations and models to describe the heat loss
.

1

22 characteristics of such boilinc a.cci systems, and the infcrma-,i - .

23 tion is applicable to both PAHR and transitien phase.i

, |

w s ue . ,\,

anu 4 deral AfDOrtert Inc.2

*C

If you will bear with me , the next slide jeu dc not--

. o? *
I./ d a _. J .1.
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11 have in uour slide cack. So, let me just point out what's
a -

1
rr

2 p going on here.

3 I This is a schematic of the boiling pool apparatus

4 locked at from the top, this from the side. Here we have two
!

5 electrodes applying neergy to the electrolytic fluid which is
I

6" brought to boiling, which is brought to the steady-state boiling

7! condition. We have a test plate comprised of a series of pairs

I >

8 of thermocouples along the length of this test panel, in whicha
!

9 we measure the rate of heat transfer from this boiling system
i

10 |l| to that test wall as a function of position.
1

'l' The temperature information is then converted to heat

l '' flux information, and that heat flux info rmation is then con-

s, I3 , verted into numbers, and we come up with heat transfer corre-
N '

Id lations, both on a local basis and averaged over the length of

15 g3e peel,

16 What we show here are, first of all, the behavior of

ll'' h the heat trans fer coef ficient as a function of depth measured
;

1

13 | from the plate down. First of all, notice that in this experi-
a

.

1"' i

; ment there is more than a factor of two variation in this heat
i

2C ! trans f( r coefficient as a function o f distance down that pool,
i

1
21 here to here. That's one fundamental finding of this experi-

a

.
lmentalinvestigation, that there is this behavioral wall.

e,
''

*3' Now, this experiment was also designed to enable one'

e,
d' to vary the angle of inclination of that wall and to Teasure

A3 s derne A eporter1, ifN:.e
,

,e

j the effect cf that angle of inclination on the heat transfer
i

Y 0. ~' , ~ ns .. u ?b
,
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1 ! mechanisms. The reason for this was that not all confining
o

'l

2 " walls are vertical. Some confining walls have curvature. So
1

3 " we approached this problem via angle of inclination.
,

t

4 !, Here v.ou have data plotted as a function of the Nussel.
I
;

5 number, as a function of teh Grassof ncnber times the Pranel

6' number. This correlation is dimensionless parameters over a

7; range of inclinations and over a portion of the range of boiling

i

a flow regimes. Both of these correlations are boundary layer
i

9 tvpec of correlations.

10 What we ' ve concluded - from dHis analysis is that the

11 basic mechanism is a boundary layered heat transfer mechanism

12 , at laminar and turbulent, and that the effect of the angle of

13 the inclination which is t1 ken into account by the Grasoff(,
f

14 number is very -simply-n. question of 9.e direction of gravity

15 relative to the tes t wal2 . So, it's a natural convection type

16 ' of mechanism, and that assumption successfully correlates the

17i data.
I

'l
!

13 3 (Slide.)

19 , In addition, in this experiment the pool average void

20 ' fraction was measured. Again, defined in the way I described
;

f

21 ! earlier in terms of the height of the pool. What one finds ir
!

i

22 : terms of the void fraction is a function, again, of this
1

23 ' volumetric vapor flux. For bubbly flows, the void fraction

i24 i.. creases, and you go into a transition to churn turbulence,
2c..e.e,r., a.mnert me.

25 , and then it collapses again in vcid frictic. as it coes into a

xn-~n
u d .. ~ .:
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,

1]churnturbulent regime. This corroborates the pre'ious cc=ments
1

2[l I made earlier on the hydrodynamic tests.
3 So, ficw regimes are indeed significant, both for

,

4, flow properties and, as it turns out, there is experimental
,

I
+

.

'
5 data from the heat transfer correlation points of view.

1

6 (Slide.)

7| Very briefly , the conclusions are that the heat

8 transfer characteristics of volume boiling pools depend upon

9; the ficw regime, the heat transfer characteristics in the churn

10 ' turbulent flow regime, by roughly a factor of two above the

Il bubbly flow correlations.

12 We fcund that the mechaism of heat transfer and

13 ! boundary layer flow and bubbly flow regime is a natural con- 1

_

14 vection mechanism. We found that in chrun turbulent flow this
a

15 l is probably not two. The boundary layer appears to be dis-
|
.

i,6 rupted. As- a re s ult , the heat transfer is a f actor of two'

:
,) ,'
| higher than the bubbly flow regime flow.
1

l o- I
; So, one has to be careful to identify from the heat
i

!" transfer characteristics of these tv.o. es of pools to identify
,

20 what the flow is and to make sure that your correlations are
:
!

i

,l 1 defined to account for that.'

I
n

,2 i Since time is running short, let me skip a couple ofz

,,

Our existing programs. I hope what I have said gives you aJ

"4

; feel for cur acproach, but since we de have such a diverse"

Aa Ls,3t R epOfiert inc.

^5 - Just can O go into a_,.- Onese in cetal.,. dC, let si - - - - - i- prcgram, A

s r 0L,t 1. u t....v.
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l

1 |I go to a summary of our accomplishments.

2 (S lide . )
t

3 And the results tha . we ' ve obtained. I said earlier
(

4' -- I mentioned earlier that one conclusion from our dispersion

5 investigations is that the flow regime under decay heating con-
t

6 ditions is likely to be churn turbulence and not dispersed.

7 We also discussed earlier the implication with respect to
,

3 recriticality potential. We isolated this empirical observa-

9, tion that foam persistence is unresolved. In some cases, the

10 bubbly flew regime was unaccountably stable and led to the

11 existence of a foam regime.

12 PROF. KERR: What is " foam persistence"? Does that
i

i

13 refer to the foaming pool?
!

14 MR. GINSBERG: Yes, it is. It is related to that,

a
15 ., What we found in some of our experiments , in whicn the fluid

|
16 ! was visually contaminated -- that's our experiments -- that the

J
1

U :| bubbly ficw regime did not collapse to the churn turbulent
i
,

I

13jregime,
l

,o- u
PROF. KERR: I don' t understand what " visually con-

2C ta-inated" means.
i

.
I

21 MR. GINSBERG: There were narticulates floating in,

~
a

!
'l

22 the system that weren't supposed to be there.
i

.I
''l SROF. KERR: You mean wood?

24 MR. GINSBERG: Little pieces of what was apparently
Ace secer.i e. w ren.inc.

25 corrosion frcm the electrodes.

.r,,
Yss ab G'
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l P RO F . KERR: Ch, okay,
n
;f

2H MR. GINS 3 ERG: Under those conditions and under those
1

3
-

conditions only, was the bubbly ficw regime unusually stable

4 with respect to that volume flux parameter. We were able to

5 maintain a bubbly flow regime without collapsing the churn

6 turbulence to the high values of volume flux. That's what I

7; mean by " unusual persistence." Nhat we fcund was eventually it

8 would collapse to a churn turbul?.nt flow regime.

9 Henry's data seems to indicate a much more persistent

10 foam, to much higher vapor volume fluxes. If you would like, I

Il can go into that in a little cit more detail. I do have a

12 slide which does show --

I3 , PROF. KERR: I mostly wanted to know what " foam" was.
L

I

I# ' MR. GINSBERG: Very persistent bubbly flow. It's a

15 dense packing of bubbles .which disnlr.. void fractions in excess
. .

16 of 70 or 80 percent. That is what is called " foam." A very
.

17 tight packing of bubbles.

la PROF. KERR: You've concluded if you want foam to
r

19 I persist, the experiment should be dirty?
|

20 MR. GINSEERG: That's one way of looking at it, but
1

al ! it's also something that we isolated as a problem. We really4

1

2 ^2 1, don't know the conditions for foam development. Neither does

m
anybody, in the literature.'-

2'' '

MR. KASLEN3 ERG. Don't you need a surfactant for foam
A&e .r s Reporters. Inc

25 and when you have impurities in there which acts as a refractant,

:'d)o :<sUU
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1]whichhelpstogiveyouthefcam?
o

i

2 MR. GINSEERG: I believe Ehat that's true.
1

3 MR. KAS LENBE RG : I thought people accept that generally,
,

l

4 people who manufacture detergents and shaving cream.
,

!

S' MR. GINS 3 ERG: I believe that that's true. Argonne

i

6 has isolated another facter, the question of nucleation site

7 availability, number of nucleation sites.

8 PROF. KERR: That's another way of saying " dirt," isn't

9 ; ~. ,.A

10 MR. G NS3 ERG: Not exactly.

Il PROF. KERR: "Nucleaticn sites" is more scphisticated.

12 I will withdraw the comment.

. 13 MR. GINS 3 ERG: We can discuss it afterwards, if you
i .

l

14 ' like.

t.

15 We have concluded frcm the dispersion work that if

16 the vapcr is available , then that vapor is sufficient in keeping
.

l'| the molten fluid bcided ap. Our boiling pocl heat transfer
,

,. i
'o studies have indicated that in the bubbly flow regime the heat

'l

i-i transfer appears to be acccunted for by natural convection*'

20 < ideas or enhanced natural convection ideas. And the ef f ecc of
,

21 the inclined wall is merely the ef fect of the gravity vector

22 i relative cc the angic cf inclination of the plate.

23 These two a=s u.aptiens appear to correlate the data

2d reasonably well.,

ACT , ,,.crai R eponers. I nc.

*c
In the churn flow regime, however, the bcundary layer'-

*.e
.a 3 . ' ,_ v .-
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!
.

I theory and the ideas of natural convcetion in boundary layer
d,q

't flow does not appear correct. It appears as if the boundary
,1

3
_ layer is disrupted and the heat transfer is consequently a

s

4' f actor of two higher. That data, the analysis of that data, is

5 incomplete, and we will be presenting that data later on.
i

6 The trar sition frem bubbly to churn t urbulent is

7' marked by a sharp reduction in void fraction, and we discussed

3 that earlier.

9
(Slide.)

10 The other pc ; grams which we have not discussed, with

11 '
you today are the multi-phase fuel relocation experiments, and

12 a series of an analytical program at the moment which we hope

13 ' will develop into an experimental program related to HCDA

la
energetics.

15
Nevertheles s , our conclusions with respect to the

16 '
work that we've done on multi-phase fuel reiccation lead us --'

l '' our work leads us to the conclusion -- and I hope this won't be

la out of context -- but if during this process of flow of molten
;

I fuel material frcm structure, if frozen crusts exists in both
I

20 | the single- and multi-phase freezing ac.c. ears to be conduction
i

*1 i'
- then the extent of relocation ofJ controlled through that crust,
1

,, o
"~! molten material depends upon the available pressure drop. It

'!

t.,,

" ! appears to us , therefore, that the issues of crust stability

24
and wall M:lation appear decisive and need to be further investi-'

4c..mer.i n.mnen. inc. '
,c
"

gated.

. o- :R| o .j . a.
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I
1 We are currently investigating various stages of two '

i
i
i

1

2' phase HCDA bubble growth and the impact of Taylor instabilities
<
!

1

3' and sodium entrainment on these various stages of bubble growth,
i
>

t i

4 (Slide.)
!

5! Very briefly, our directions, our dispersal work is
'

i

L
d6 going to be directed in the near future toward understanding
i
I

7i the void distributions as well as average void behavior. We !
i

8; are looking to mercury air experiments to get us some informa-
|

9 tion about ultimate fluid properties . And our microwave tests

i

10 i which we are going to study in both open and closed configura- ,

i

Il tions and with boundary heat losses .
i

12 The boiling pool heat transfer work is being wound
i. ,

(, 13 : up. We are completing our data analysis, and we still have
i

14 ! some correlations to develoc, void distributions to correlate, I

i

i

15 and our churn flow data to analyse. We' e going to be extend-

16 ' ing our multi-phase fuel relocation work to ablating walls to

17 freezing the flowing fluids with ablating walls ; our HCDA1

1

IS ' energetics work is just urder way. And we are currently involved

19 with the transition phase assessment which the F.CRS will

2CI receive as soon as it's available.
i

21 Thank you for attention. 'e Jtere any ques tions >

I

22 j PROF. KERE: Are the' r .ons?
;

,3 "i
- What questions shculd we have ked you that we missed?c.

"4
(Laughter.)"

,

33-eweral A eDorters Inc. '

25 MR. G2:53 ERG: We can discuss that mier e glass of

, <1 o-

A$ n n J %.
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l

1 ji beer, I g w is.
tl
I!

2| P ROF . KERR: Thank ycu very much. I have no questions.
.

I

3, SSC programs.
;

4! DR. KEL3ER: I would like to introduce Jim Guppy, of'

5, Brookhaven Laboratories , who will discuss the SSC work. We
!

5' will break the presentation in the middle so I can tntroduce

7' the policy decisions that were made, to introduce the water
i

I

8 version of the SSC cofe.

9 Before Jim Guppy proceeds, I might say that the
i

10 1 preceding work that was discussed by Ted Ginsberg is one of

11 ' those projects we have which is seriously underfunded. We do

12 our best, but we are distinguishing those projects which are
i

I 9

13( badly underfunded from those which are seriously underfunded.
i .

14 ' PROF. KE RR: The question I should have asked him is

15 how much money you could profitably spend.

16 i DR. KEL3ER: We all know that. It's clear that this

17 !! is one of those crocrams which had to make a sicw becinninc. ,
,

d
13| but which should have taken off then at a much more rapid rate,

.i
'!

19 -| in the sense of being artificially held back.
i

20 | ( S lide . )
!

21 J MR. GCPPY: I should thank Ted, I guess. I don't

22 know, he used to be a friend of mine, because I thought I was

23 seriously pressed for time before and now he 's cut into my time

24 a little bit already.
/*a-+ ..eral R eporters. i nc.

25 P RC F . KERR' If you Icck carefully at the agenda, you.

a3"ar
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pvl3
~ -

1 170;
i
+ e
!

i

1| will see that it runs till 4:00, at which point an executive !

|
,

2| session is scheduled. Now, the executive session will not last
f

!

3' more than 10 minutes. Then the next line says the meeting is
,

I

4; anticipated to be completod by 6:00 p.m., So, there is a cer-
i

i i

5' tain amount of flexibility in the agenda, as it is now written,'

6; but there is not much flexibility about 6:00 p.m.

7: MR. GUPPY : I do not have that much material. ;
i

!

8, What I would like to discuss with you today is the

9 SSC develcpment and code validation programs at Brookhaven ,

,

10 National Labs. "SSC" stands for " super system code," which

1

11 ' we have designated as our code.

12 The presentations --

.' 13 (Slide.)
'L
'i

14 ? -- Will be made by myself; Charlie Kelber,from the
;I

l~ NRC; and John Meyer, from MIT. I plan to give, first of all,

16 1 an overview of all SSC activity, and then talk specifically ,

17 first of all, about LMF3R-related activities. Then Dr. Kelber

18 will give a brief introduction to discuss briefly the recent
a

i

19 ' expansion of SSC work to include LWR analysis. And I will talk
,

i

20 l a little bit abcut this activity at Brookhaven. And then
,

|

21 : John Meyer will talk about natural circulation-related phencn.ena

d413 22 g; or chenomena and then modeline. recuirements..

!

97 ,
sw

9

$ @4 |

1

Acs%eral ReDorters, Iric, j
,

o
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kap ! once you say tna; :ne plant protection system wnen called

2 upon, will function, then tha t takes us out of tne HCDA

3 realm anc pu t s us into nis realm here, o pera tional

transients na ural circulation, transients that involve t he- -

: .n+s . v , . - 3 s , .,. . .--. e
s

o Tnerefore, we must be able to mocel adequately all

7 components and processe s that are essential ;o :ne ultimate

e nea: removal, cecay neat removal.

v (Slice.)

10 Tne companion effort -- at Ercokhaven is :ne 55C

.' a s .i c o e j' a c . .i v a ne . a. iso11 c m- a. va.'.i _a.4on -.o .'.. ."n . mao - .r v. - .

. . , i e a e .' o .^. .' s = o *. -.'.' 'f; .. n .1 4, - 3 2 ces --..i* in~.o wo' c-u p. -2 , ..a.|- < - -- -mu . ... -m . . .

, e e,.<..en+u n. .. .a n1 .- ... a n 3. . =. ,s ,4
. -

.2
- c ... a ., .a son we< - , l n - < u, n ~- . . . -x- -m f r . . .e

:la Oy Ccaparison to c ner coces. . Urtne r succividing is :nen
.

( 15 ccaparisons on a system casis anc on a componen basis.

10 . ! e , . e n e a v l ., y invclvec a; : ne =cm e n ; i n r o ., ., o w ., n g nc
- - -

'
. . . .

A .-

17 cre-acce pran ce test pnase, cu rr e n ti v. c.oin on au; inv

'i- .L.i ...l a n e, ... .

is E3A-II .sa aeal:n cf know.ecge. EER-I! is a

:- - , - -y. g. n . . . o. . , _ , -c oe.2..; . o,.a .s ..,24 .c n .a .4 ..i .e-- ruo.2- - . . - , -a - ,
. v ..

a . *

4 sw-,-.n -.6-.." m n u .' c ^ v .a , . . - o. g g g 2 a a. *~ **n a
:6 a e ,. -, . = r, :- .-s...- '.. v4 a - ~ v . * "- -u. . .

-, ..- , --

-- o C!ai" O.4 2 2.v Ca;a Wnen & ; COmes On aine. U,n a comOcnen;

23 casis, we . ave val.cated pumas in DHX moce.s, wnicn are in

: Oc' ..w.- _.r r a . *< . n .- .c owmn, .,,ng 2 -. w .s a2 3. e. . - n - .m. a.
.--_- oww wi r. os . .yv.s.., w f. .w woi.w

* - .- ..sww, .;.- q-mm .i n. .e. p. y .l a. .n. .. .4 n .s .q n m a. n c . .q . .s e . .a ..a. . g c.a
. . ov.... . w

_
. y .

' t .* * .sq
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kap 1 . ave valica ted our upper plenum model with. We have no:

2 cone this yet, cut the Ge rmans nave some SNF-3CC pro to tyce s.

a e n,3 -.,r. n:xR: ..Ina : i s a ,. ._ ,
- _ . , - -

une..

u'eeY: A dump hea; excnange wnere t.g e crir-- -~J - , .

,, , , , ,
- ,.. x .

r,

a has an air clast e x cnan ge r . Valication on a system basis

6 can be cone cy comparin; SSC results with the Westinghouse

7 C n e n, in-nouse coc e c a ll e c. - .,iLs , and wi th cr-i r- using the
. .

ut;

6 H EE L , previously We stincnou se coce callec IANUS.

v Then, en a componen: casis, SSC results can be

10 c om pa re d witn such codes as COMMIX anc/or COBRA. Tnese are

11 three-cimensional codes, cut we can use : nose to compare our

12 one-cimensional results.

13 r RO F. KERR: Have you been descricing things :na:

14 are in .crogre ss, are being plannec? On :nat las; slice?
e

(_ 15 '4 R . SuR?Y: Thi s la st slice was a mixture of

16 cc n. These are curren ,y c.eing cone. rete,
. ---

-- -II,con

17 SI4 R-3 0C are plannec. ESR-!!, the ca:a is availacle alreacy,

i: ; ict of ca:a :s alreacy availacle. That ca:a is no:

,

17 avai abie because :ne plan: s no: on .ine yet. in.4s nas
,.

-.:- x =. 2... c- . . e , ..,.2 - .a. e x a vv.a. . .e v w m . .e a./ a.< .i a i a. . x. 4 a
- - s v.a.. -- - 2 2 - -

m a m ..

_n1 .~.CCw =
. vx a m o . a. . vo .a w o....,2 . .a .e ns . a / a.

-

o a n. . . u
-

- - .d a. a. .n.v . e n n. u _. a-a 2m -co. -

22 nese anc scT.e 3 -2 co ce s , t hr e e -c i m e n s i o n al .

23 (Siice.)

e * ,

u, 3. a- 1 ,a. .4 . .,. a. , xpe, a., e .c.c . a v . .' y- .. a. . . a e e. C . .a.n . w . m.. .. .. v . v . . .

0 v .a ovmes o' C i . . .' . y. ~ cr**- ...#. v. 2. r. y . .e. 4 vq .= .e a. . c..o,g - -~ d
s v. V3..'d3c.- e. v v. . 3. * ~.^ ~ ~. . .vs. v.

l ?***1U.b.'io..
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Kap i effort, anc I have listec the four that are currently being

2 worge on he re , ne sKippeo ne last latter nere on :ne end

a . .. u . - . a. + x.a.
- -m , 2- +- e< 2; - 4, vr a _2n o, .n.o. OLu .oda. 4 5 ... e w . . ..n v . wv ..- e. ., ovm,

< 4 snor: tern, up to acout nalf an hcur transients on loop type
(

5 of LM? .is 214e Clinen River, where the primary fluid is

6 conductec out of tne ve ssel through pipes to the IHX as

- .-

opposec Oc :ne pool version, de signa ted as w C-e. In;sy
/

c simulates short-term transients in pool-ty ce LMFSR s. Here

9 the nycraulic s have to be reworkec because the IHXs in the

-- - ,. 2 a , , , , -n ,
i r. e . .i .a 2 -,/ y u,.m.. g o -.-a. .i . . - .~,e evo. --.

Il dROF. KSER: Ca .n you tell me which of nese

12 versions exists?

y^u "..4 .'.l -laasa. - a. 2 .- '.v .' w .". .. e .o '-1.; . . n u c . v. .. i. v y. . . . _

; *. r R, ',, r . a c c.., : .t e 1' .1 cear wi tn you.
- . - - ,

.

15 MR. GJeeY: SSCh is meant to simulate short-termg_
.

ic transients in light water reactors. SSCS is mean; to

j7 .e A .a u .! = * ". .'in w .= "..o e c .i " a.
4- "ne .! ,:g .=. *u-an .'a...*.s .e--. o w v . s u ..c w . . . a. .c a.-

_ wL e: ie m. .. a. a . . .o .e . . a u, .1 2 . a. .2-,w w :.. y a . 4 ,1 e 4 n s o- y-a. . ::a
.. . wlv w Te < .

..f
o a e ,--

.. v

, .

w U .l d. .'n ^o ^ . -.C u.a. .v . A ' *w
,

. C .^. ' . " .'.n c ' =..a . .c . .o. . e -w
"~ ajy y w . . . w v -

4 ' a. v a. . . . 2 2 a- .n...o3.,.'. . . . w.
- s. .e - .a . .e n * .a. . .m e a. a. .e., .'.2 .a. .e a. o....e44

s w. v .. .. .w..

g.~t N. ." .I .l C ,
*

.w .s . .e . .s - m..n C L' C , .I .' .s' 3 .~.a..''. * * "."..T ' a. *. .# ". F 7. *'3d4j .2. 3 w *# .~w . . . .. . . vi w.i

..a. c.e. a. ., s. s .' 1 .- . . . c- 2. .. m . . . .v..at w mne, n' =o w .n -_ a -t 1 2r. .e . a ., . , - ...a. . s . . .i w w . ..c . - --

-- - -! - . m q w . r. .q .i .w.g r yoWo" ." i y~ ^. # .' o W?; y . w . 2. .c.e a e .3. 3 - a. .q a. y * . y .4 .2 , ,2 -
A a.. . y-- .

n' o w n 4 .: -4 n.e.--
s w.wuw
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.< c p auxiliary loo ps, c:ner loops, auxiliary syctems that co not'

c n o rr.a ll operate uncer normal condi tions but are called upon

; to ocerate, say, after a nal: nour or .or ;ne songer term.
, . . . . . ,

-, .

(0110e.,* ,

5 Noa, as we jus- saw, the basic SSC cevelopment

6 envisions a series of codes, but one way of viewing the

7 struc ture of SSC is tnat it basically is a set of building

d blocks of various compu ta icnal acdels and components, like

> :ne core, :ne pumps, :ne pi pe s , IHX, ste ma generator,

10 con:rol systems et cetera. Sc, it's really a ques-ion of
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.; a p 1 models are tne same. What I was trying to show cy that

4 sliae is that although there are several series of codes

3 :oming out of tnis effort, t ha t t he re is a lot of overlap

4 t r.a t , you know, i t's not a f ull development from ground zero~

5 for each code.
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he wS u,l c ode , thi se eacn one or tnese coces current.,y 1s. e. . .

t

9 is f or ne l oo p ty pe LJJE R , nas been operational now for

10 almost two years. It's b een opera tional, we have several
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Kao 1 one of the accomplishments that we accomplished during :nis

2 cer son's stav. ..
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4 s aV. venCor-users. -i n 9 V. are invol Ved W 7. * n C e s ., O. n - r e l a t e d. . .

.

: s tuci e s . Sacccck i Wilcox, Comoustion Engineering and

o General Electric are, and will be applying the use of SSC to

s c a., e 7 .L_, ., s t u d i e s . .ne rinam one who current.iy nas
.
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large/
.

! x .

o receivec SSC is One University of Arizona. They will be

V involvea in tnese saf e ty-related stucies anc a ccident

10 celineation studies on a system-wice basis using SSC.
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'ap i Japanese P.NC, have also reque stea tne code. I nas not yet

2 ceen su pplieo to :nem. So, the way :na: I view the actual

3 s ta ;u s or SSCL, nen, i t's moveo cut of what you migh :nink

of as tne pure oevelopmental stage into a T. ore-

5 applications / developmental verification stage, wnere we nave

0 various users wno are applying the code, sucolying feecoack

7 to us to help us in our verification eff ort. And that f eeds

5 cack into f uture develo pmen t.

* And as you've seen here, i t's being a opliec to a

10 .ide variety of analyses ano one of :ne particular uses that
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Kap ! focus or. Our steam generator models and f eatures and some
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4 me for the steam generator moCeling.
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.: a p I he aren't out to re-invent the wheel, as it were. We usec
- . . . ,

e t rie o-and-true me tnoc s wnerever po ss'. oie, wherever

3 appropria e, Keeping in T.ind the ty pe of analysis that we

, . .

4 dan; to co with DJu. W n.erever accro. aria;e we will use an
. .

g

5 existing mode 1 ; however, wnerever necessary or a poro priate

o Keeping in mind natural c ircula tion type capabilities, we

7 will mare improvements to models or incorporate new mocels

5 a s deemec ne ce sserv. .

v In the steam generator, f or the thermal and
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I (Slide.)

2| I would like to now just briefly run through one area
i

i
3

i, of validation that we have accomplished with our steam generator
I

#! model. Here I am going to briefly present some results that
i

i

I

5 were obtained by Atomics International, us.ng their modular

6 steam generator. This was back in 1973. They ran a series of
i

7! tests. I will show comparisons for what they call their " low-
,

i

3| pressure tests," over a fairly wide range of steam generator

9 conditions. And what we are basically comparing is the total

10 ' heat transfer rate, what SSC has calculated versus what the AI
,

11
modular steam generator produced.

12 What we have done is taken our SSC model, put in

13 ; '

s, through the use of inputs and geccetric description that typi-
|

''

1 '4 fies this modular steam generator, and then supplied it with
,

15 inlet conditions. And on the next page are some of the typical

16 ,
results tor these pcwer matching.

-

.,
'' (S lide . )

1:~! What's been plotted here is measured power -- thi s is
1

~

19 ' experimental power. And if SSC were to produce the same result,
i

20 1
l then it would lie right along this straight line here. The
I

'1 I
: the actual results that were generated over this| points show

~

-,

fairiv. wide ranc.e of steam-generated pcwer. The maximum devia-"

;

91
tion was 1.2 percent.'~

,,
..

Sut what I tried to show here then is to focus on one
Ace * =trat R epor+ers i nc.

'A
ccmponent of the steam generatcr of the whole systems code."

.,.<o
$., L.l e _ .s * J
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!

II That was really all I wanted to say about code features and
!
,

t

2; models.

3 As I mentioned in the supplement are others , if you
|

-\
4| care to discuss some of them.

I

5' PROF. KERR: Could you put that slide back on for just
i

6' a minute?

7>: MR. GUPPY: This one here? These are steady-state
,

,

3 tests where, if SSC produced or calculated 10 megawatts --

9 PROF. KERR: Would you say that~ that. is a~ di~fficult,

10 thing to calculate or simulate or carry forward?

11 '
MR. GUPPY: This is -- well, by being -- using SSC is:

12 fairly straightforward. What it involves is going through quite

l'd a range of power and quite a range of various heat trans fer
i

I# regimes, and the computation --t

1 *5 PROF. KERR: I am not trying to be critical. I am'

16 ' just trying to get some idea of how significant this particular

IIl validation is, how significant you iudge it to be. You said

13 scmething about how you had a lot of doubt and you were

'c
'' ! delighted to see that it came ou t uhis way?

I

20 MR. GUPPY: We were delighted that it was in such

21 good agreement.

22 PROF. KIRR: Would you have been decimated had it
'

.,
not come cut this way?''

'
"4 MR. GUPPY: What that would have basicallv meant was

e _ a neoonm. inc.
-

SC
that some correlation perhaps was incorrect or somerhing of this''

.,.,,:

h4. v' __..
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I

1a nature. But we were pleased that over this fairly wide range

2| of power that we were able to get fairly good agreement.

3 DR. SEALE: Were there dynamic test data that were
:, ,

# |
\ |

4i obtained and then run also? If so , how did they compare with
I

5 your SSC results?
!

i

6 MR. GUPPY: We have not yet made dynamic steam
!

i

7j generator comparisons to experimental data. There are some from

3 ,. this series of tests. There are others. We have not applied
,

9 it to that yet. We intend to.

10 (Slide.)

11 ! In the supplement, as I said, are other modeling

12 i descriptions from other areas of the system description, as well
,

13 j as some verification. Some ot_ them are in veri:1 cation with
. . _ . . .

%. .

I

14 | analysis, and some are in verification with experiments .

t.

15 ' viat I wanted 20 do now, then, was to tell what can
i

16 be done with SSC, and " hen just snow a couple of typical results.

n

17 l SSCL can be used to handle sodium .cic. e breaks in any sodium
i

.

I

181 loop in any pipe. It can simulate reactor SCRAM, either manual
u

i

19 : or ??S-initiated. Any main motor can be tripped, either all of
i

20 : them cr any of them. Pony motors, a feature of LMFER designs,
i

21 pony motors can be made to f ail. If you take the two of those

22 together , ycu ' ll coast the plant down to natural circulation

22 conditions.

24 So tha t in addition to these more safety-related
Ace b30er g; A fDorters, t r'C.

25 transients, the pipe break and natural circula:1cn can also

, , , , ,
O e on QG
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1 simulate operational transients.
i
!

2| I have listed some of them here, such as reactivity ,

!

3 transient, a single pump failure, either a main heat transport

( i
4' s"1 stem pung er a loss of feedwater pump. Control system mal-

-

!

!
5 f unc tions , operator-initiated actions such as load changes, or

,

6' perhaps even improper responses to some of them.
I

7; All these kinds of things can be done with a system-

8 wide control. !
,

i
1

9i MR. KASLENBERG: Can you do loss of feedwater itself?

10 MR. GUPPY: You mean a break?
.

I
II ' MR. KASLENBERG: Yes.

12 ' MR. GUPPY: No. That would be out of bounds.
i
i

I

13 ' DR. SIEGEL: Let's pursue that. Does this includeg

14 in a sodium reactor case, does it include the:. water system

I5 feedwater, turbine?
!

16 | MR. GUPPY: At the moment, the modeling is to the

7 ,' . turbine inlet, and then back to this feedwater supplies. That's

I8 , how it's done. The feedwater control or turbine valve control,

10 'I -

-- is there. But tne turbine model itsel: --- that type or stur: .''

20 (Slide.)

21 -- Quickly, running through a sample transient, the

2, ' ' case that we ' re lookinc at is a natural circulation transien .
'.

l.

,3 l This up here describes the degree of system detail. Four paral-'
; -

,

.2- lel one-dimensional channels in the core, 13 axial slices, eighti

e. .,.i s.xrmt inc. ;

w
radial nodes. In other words, like 400 stated variables here,--

!

. .,. .. ~
%J (. s , Iv

i
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Ii the cases that I will show are what I call " flow redistribution.'"
;

$ '

2!
There is a flow redis tribution. -- I udll discuss that in the i

:

3
next slide -- where that is on and off. It's a natural circula-,

( 4!
|

tion case from 100 percent power and flow. All the main motors

5
! were tripped at time zero; in other words, a loss of all off-

6
site electric power. Main pumps were tripped. The pony motors

,

;

7
did not come on line. The reactor SCRAMed at three-quarters '

i

|

8 of a second manually.

9
Ncw, the simulation time that we would be looking at

10
the next viewgraph is out to 300 seconds, and for this particu-

11 <
lar degree of system detail on the CDC 7600, 334 computer

12 ,
seconds were recuired. So, for this particular case , this

13 1'
carticular degree of system detail, we ran a little bit less(- -

!

14 |' than one to one. It was 360 seconds of simulation time, which

15
I think is good.

16 '
( S lide . )

17
Just a couple of typical results there. Here is

18 | plotted two dif ferent things : power in the hot channel -- this,

1
19 |

is channel ene; as I mentioned, this is a four-channel repre-
i

20 ! sentation. Channel one was meant to represent the hot channel
!

21
in CRERP. This is ncrmalized power versus time , normalized

22 '
power flow rate. Here is the power in that channel normalized.

i Here is the flow rate in that channel normaliced for two dif-
1

24
! ferent cases: one with flow redistribution; one without flow

A c. . . .i a.oon n. x !
!,e

"{ redistribution.
, . . . . .

U \,'', % .
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i

!
l
!

li What flow redistribution means is here is another
is
o

2 !! example of an improvement over existing codes, where we have
i
1

3: incorporated an important ef fect that is importan* in natural
1

( I

4' circulation conditions. This is when you're down in the low-'

t i

i

S| flow re ime, when the buovancv is dominatin And what hac. oens:
'

.
, .

! ,

6 here is that hot channels tend to suck more flow at the expense
,,

7; of the cooler channels , and that's what we see here, that when i
,

I .

8 we calculate with flow redistribution again in the hot channel,

,

9' the flow rate is higher than when flow redistribution is not
r

10 i being calculated.
!a!

11 This is because of the buoyancy-driven regime that

12 4 you're in. The effect that this increased flow has on the
i

!
.

13 temperature response in the het channel is shown on the next
.

14 , slide.
i

15 (Slide.)

16 ' Essentially, more flow means less temperature. And
1

171 for this case, what we're interested in seeing here is whether
1
'

181 sodium is going to boil for this case. And for this particular
i

'!
.

19 " case, for this particular definition of our het channel under

'

20 these conditions, sodium boiling is around 1200 Kelvin. So
I
i

2i that you can see that the nargin of safety has been increased

22 rather substantially by including the real ef fect of flow

23 t redistribution here. This is to around 110 degrees Kelvin.

24 These are typical resu ts that 2:e generated in the
Acs . ,cra 9ecorters, Inc.1

!

23 Vessel for SSC. Scme other results are in those supplements.

I <j* ,s

% .'b u A M
t
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1 (Slide.)

2 To summarise for this part of the talk, for a conclu-
1

3 I sion, I would just like to scxmarize by saying again that up to
( i

4| here we have been talking about LMFER-related activities, and
i

5' the primary emphasis in the latter part of this discussion has
,

1

6 been on our loop-type code, SSCL, SSCL has been operational for i

: .

7| almost two years. We presently have seven years. It's being
I

8 applied in many areas , and verification is continually progres-

9 sing.

10 ! We feel that the ccde is verv modular in nature, and
-

,

Il ! it's easily modified. You can get in -- just to give an exam-

i

12 ' ple -- heat transfer correlations are put in a one-subroutine,
i

q 13 | and if you don' t like that heat transfer correlation, you just
i
.

14 , have to change it one place. A lot of them you can change on

15 input. Some of them you have to get in and make a one- or two-

16 line change. But it's modular, and it can be easily modified.

l '' We feel it's fairly well user-criented. We have some good

18 1, documentation. The code is easy to read -- I claim it's easy
1

1*'| to read.
i

20 l There is a bunch of input involved, but we try to make
i

el , the user code interface as painless as possible, so that it is
,

an

1

en .i
-'q user-oriented, and we feel that it's cceputationally ef ficient.

|

23 ', Sc, if there are no further questions -- are there
o

:-
44 any questions on the LMF3R-related activities?

Ace eweral Reporters, f r.c.

SC
DR. SEALZ: J im , you gave a fairly cc=plete breakdcwn" i

!

I

O,

v. . . .
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,

! i

10 en some of the assumptions on the steam generator modeling.
il

2 Ycu also discussed this coastdown situation. Briefly, could
,

3 you give us a characterize ion of the heat transfer model ycu
,

'
4
,

4 used for natural circulation?
4

'5 (Slide.)
i

6 MR. GUPPY : It's on one of these supplemental pages. !

7' Let's see. The heat transfer is what is called tha " modified !

! !

8 schad correlation. " That is the best that we've found to date

9' in that one correlation we feel is valid, both in the turbulent

10 and in the laminar flow regime. ,

11 DR. SEALE: What page?

12 , MR. GUPPY: It's called the " modified schad correla-
i

13 | tion." It's in the open literature.
k-

|

14 D R. SEALE : Okay. That's all right. S-4.
t

15 PROF. KERR: What do you mean by the statement that
i

16 ' you " feel it's valid in both"?

17 ' MR. GUPPY: Because the previous BNL staff number had
.

1
181 done quite an extensive literature search and prepared the

t

|

19 i result of this correlation with others , and it was found to give
i

20 1, c.ood agreement, not only in the turbulent, but also the laminar
.

l
.,ow regime..,i i :

.I

I
22 1 PROF. KERR: So, it's more than just a feeling, then?

l
t

23 h, MR. GCPPY : Ch, v. e s , right. I ar sorrv..
.

~4 MR. KASLENBERG: In one of the viewgraphs, we saw this'
i

A ;* -. , t* 8 : R F.)O rte" inc. i

9C
morning in the COMMIX code, they indicated tha: it would be--

,

.y ? r Gv ue., av a
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!

l' used complementarv to your SSC. Can vou indicate how that's. .

I
i

2j done?
'

,

'
:

3| MR. GUPPY: Well, for instance, it can be used, say,
_

(
4, to run a pipe to give a three-dimensional feel for such-and-

i +
1 t

5' such a transiant as to what's going to come out the outlet.
.

I

6; Scme of the things that are of concern are flow stratification, i
,

7' and how this wave, since we have a one-dimensional, how this
'

i

8 wave propagates through. '

! *

9| You mentioned the COMMIX. We have not prepared

i

10 , specifically for COMMIX yet. That's in the process. But one
1

i
'

11 i of the sucolemental viewcrachs does compare our results to some

12 TEMPEST code results. TEMPEST is a code developed out at the

13 Pacific Northwest Lab.
!

14 ' ( S lide . )
!
,

15 Just briefly, the thing that is of interest to us is

16 how does our 1-D analysis, compared to a 3-D analysis, for an
.

17 j almost 18-meter length of pipe, this is the temperature that was

la put in; it's a relative inlet temperature defined right here.

19 l That's the temperature trace ; this is the flow trace.
:

I

20 | And then , on the next slide, which is 5-8 --

21 (Slide.)

22 -- We can see the dotted lines in these are SSC and the

f
23 solid lines are toc and bottom of the three-dimensional analvsis .

i

f

24 | The top of the -- at an axial slice, this is the tcp and the
Ace-Pweral EteDorters, Ir5C. )

at f" bottom of the cross-section, and this is for two cases- cne
,

i

4 ''g g .9

ig ,1.,h" *
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I where the pipe wall heat is transferred to the pipe wall. In
i

2| other words , not transferred. The adiabatic pipe wall, just

i

3 looking at the outlet here, this is the top, this is the bottom,

t
4 this is our SSC one-dimensional result. So, this is the kin

,

I

5| So, this is the kind of thing that a code like COMMIX
:

6 or another three-dimensional code could be put to use for, to

7| test the results , verify our results .
i
,

81 MR. KASLENBERG: Would you do it to identify a sub-
i

9 assembly within the context of SSC, or does that become too
t

10 complicated?

II i MR. GCPPY: That can be done. I think John Meyer
,

12 ! will touch upon some of these kinds of things.

13( Okay, that was it for L3 ?3 R.
,

i

I4 | PROF. KERR: Other questions?

15 ' (No response.)

16 PROF. KERR: Let's have a 10-minute break before we

I7 go into the next section.

IS (3rier recess.)

l9 PROF. KERR: Are you still on board?

i20 ' MR. GCPPY: Yes. But Charlie 's going to come up here.

21 DR. KELSER: You might as well stick around, Jim. I

i

22 j will get back to you very shortly.

m" Shortly after TMI-2, when we had a chance to catch our

24 collective breaths, a decision was made by RES management to
Aa, serai Reocrum. Inc i

w
move as rapidly as possible to get a code capable of si.aulating"

,

o ,y,
D()i. b (3,
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:

1| in at least real time and possible faster the system interaction
i

2 features of the accident. The eventual aim is to be able to
|

I

3 predict the entire phase of the accident, if not in one code,
-

|

4' in a series of codes. And it became clear hhat there were two
1,

i . .5i ma3or coneiderations:
.

t

6 One was the inclusion of the plant protection system
,

7, and the control system, on the one hand. On the other was the
< ,

!

8 1 ability to compute the very complex two-phased flows that are '

!
!

9 a consequence of a break in the primary system of a BWR.
.

10 A survev. was made part1v. bv mv staff, bv. the Brookhaven
! . .

,

Il i staf f, as well as by members of the analysis branch in the LWR

12 ' section. It became clear that there was no code available that
i

|

| .

13 : was in any way near the coals set by Sol Levine and Tom Marlev..( -,

l .

la | The two codes which came closest to being able to match the
!

I
15 < operation of the entire plant control system, incl - .ing its

Ic interaction with the plant protection system, were 3RENDA and
i

17 SSC. Both of these happen to be LMFER codes.
4

13 :! An cr. inion from the Universitv. of Arizona, Dave liettrick,
g

i

19 ' concerning 3 RENDA, was that it did not have great potential for

20 ; extrapolation in this direction. This was bas ed on sete f unda-

:I-
21:| mental considerations , plus some work that he had been doing

i

3 l,
1

22 1 with a similar simulation for EPRI concerning water reacters.
,

23 e This left SSC as a candidate, and here we felt, basef

.

partly on the type of consideration that's just been retiewed4-

A ct-> ..aral Repor ars, Inc. t

25 with you , that there was very considerable pc tential. Mr. Guppy

..o,

Gs s i A ' --
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l'1| and nis people vent into that in some cetail. ;-f within a

il i

2 ! shcre period of time -- I believe it was of the order of 10 days!i

'I

3 -- a decision was made to attempt to utilize this potential,

i,

4i realizing that it would be very difficult at these early stages
;

i

5 to model the two-phased flovs that are a characteristic of BWR

6 systems , but that we would be able in a reasonably short time
,

7 to have a code that could predict when such conditions would ,

.

end415 g arise. ,

!

9'
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11

12

L l ~' .
d
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15

16
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:

l' There is some potential for extending the treatment |
- !

, i

2L to include the two-phased flows , but we would expect that the ,

J. major tool capable of handling such prcblems will be the TRAC
i

(
'

4' code that is being modified.
!i

5| The problem with the TRAC code is, of course, that it'
)

6' has no system for incorporating the plant controls and plant
!

l

7 protective system. We assumed they will be adopting a con-
!

1

3 siderable amount of the representation used for SSC.

9 PROF. KERR: I guess I am having some problem putting
,

|

10 your comments in context. When yot talk about the difficulty

11 in modeling two-phased flow, it's certainly difficult, but at.

12 least it has been attempted with various degrees of success in

(} 13 a lot of codes.
1
i

14 Is there something peculiar about this application

15 that made it more difficult?

16 DR. KELSER: We do not incorporate modeling of two-

17 ] phased flow in the primary system for LMF3Rs , aside from a small

la model associated with the core itself. A highly approximate

19!cne,- not nearly as sophisticated as is necessary for the use
I
e

l

20 ; with PWRs .
!
i

21 PROF. KERR : Okay. And it was not possible to take

22 scme existing module or something and insert it?
!,

23 - DR. KEL3ER: In principle, I suppose, One could take

7 a TRAC, for example, a fast-running version of TRAC, and usee

AJ-P weral ReDorter$. Inc. i
-e

nhat. It may , in fact, in time evolve that way, that the two-

..,,r,---
L3 ['.m o d

i
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1
I

l i codes will be melded together. I think it's too early yet to
1 i

1

2| say. We have to get something running that looks like it has
,

3' some mix, some proportion of the right capabilities, and is

4 capable cf duplicating reasonably well what actually happened
|

Si at TMI-2 before we can start making further judgments.
.

I
i

,

6' Now, this work is being financed and managed by the

7 ARSR office , even though it is light water reactor-oriented. We
i

8 will be cetting, I expect next year, when you discuss this
i
i

'

9 entire program with Dr. Murley, some of these management lines

10 will beccme a little clearer. I think you will have to bear
i
,

11 with us in this respect, as we sort out our problems and our

i

12 approaches.
|
i

13 | PROF. KERR: I cather, when you said earlier that this:
,

'
14 was not in response to a user request, it was a decision made

15 by RES management.

16 | DR. KEL3E R: It was a decision made by RES management.

17 Nc, it was not done in response to a user request, except hall-

18 way conversations.
4

19 I did want to make clear the status of this because

20 it is a little confusing in the middle of a discussion of LMFP3

21 efforts to have an intrusion frem the licht water field. We

|
22 d feel it is significant enough, and it certainly takes a signifi-

r

:1

23 ' cant enough pcrtion of our resources, that we thought it deserced
1

24 some exposition.
A#, . .,. = em ,i + -t ,

25 PROF. KERR : hhen you sq " cur rescurces," you mea.,

., , , ,
bdre, v -'

,
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t

1 you had to divert some of your own funds to this?

|

2| D R. KELSER: That is correct.

3t PROF. KERR: They won't, over and above that you got?
-

i o

4i DR. KELSER: That is correct.

$! So, I will turn it back ncw to Jim Guppy.

5 MR. GUPPY : Sc, with that as an introduction, I would
;l

7 like to briefly discuss the newest added version of SSC, desig '
i
t

8 nated SSCW --

9! (Slide.)
i

10 ; -- Tell something about its scope , and r] Etat'Es report

11 as to where we are at this time.

12 ' ( S lide . )

13 : The scope of SSCW is to develop acother versicn of the
5

>+ ,

l 1

I14 i SSC code, the super system code, that's applicable to water

15 | reactors. Then it can be used as an independent licensing tool

16 ' for analysis of natural circulation and other systerwide events.

17 It will be an independent analytical tool, and it will

18 , have a strong emphasis en the adecuate modeling of natural

i
19 j circulation capabilities .
*

Now, this, again, is in context with the primary locps ,

21 but SSC is a code which is structured specifically to handle

22 natural circulation-type events.3

a,
a23 i PROF. KERE: That stimulates another inc.uirv.. As I

i

24 understand SSC -- and I am not understanding it in detail,
u. _..r.: new m n.me.3

23 all that it does -- it is primarily one-dimensicnal. Now, is

. . . . . . -
* U .
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1| it the consensus -- I guess it is -- that the important
i!

2a phencmenon in natural circulation situations in L'E3Rs are
o
a

3' handleable on a one-dimensional basis?
.

4 MR. GUPPY : Yes. It is basically one-dimensional
'

1,
'

5 once you get outside the vessel. In the vessel we have what

6 could construed as more than one dimension,'particularly in the

7 in-vessel region, because we can specifically represent various

8 assemblies; and if two-phase is to occur in the LMF3R system,
|

9 which could happen under natural circulation er pipe break --

10 that's what happens in a regular core -- you can predice whether

11 sodium will boil, to handle it in the LMFSR situation to a

12 limited degree.

~ .
13 So, you're locking for, you might consider, the onset(- |

14 of boiling.

15 , PROF. KERR: How do you decide whether one or more

16 dimensions are necessary in the core? It would seem to me that

;l

17 the core is a fairly crucial region in natural circulation

13 situations.

19 DR. MEYER: Excuse me, Jim. I will be addressing
!

20 some ccmments to that in the natural circulation part of the

l

21 1 discussion.

22 PROF. KE RR : I will wait. Continue. You have bee.,

o

', q c r e e m o. t e d ...I .

24 MR. G'JPPv : In addition cc account ng fer natural
A#, mew m exmn. inc.

25 circulation-type e"ents wichin the framework of Esc, : car

b d. . . r. r n. , - v .3
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t

i
l' also be ased as a generic tool to analyze other systemwide

aa

12 events where control systems and plant protection systems are
!

3j operating in influencing the system response.

4 Since it will have the control of PPS , plant protec-

5 tion systems, model2d, it will have the capability of analyzing
i

6 various failures on a systemuide basis that could potentially
,

7 lead to desigr. basis accidents.
i ;

8| MR. KASLENBERG: Does PPS include the high-pressure

9 inj ection system and low-pressure inj ection, as well?

10 j MR. GUPPY: It doesn't for Dir3 R .

Il ' MR. KASLENBERG : I meant for the water. And also,

12 could you simulate an operator intervening -- in other words,

13 shutting it off, putting it on?
!

14 MR. GUPPY: Yes.

!|
15 (Slide.)

16 , For the initial version, which I mentioned before ,
!

17 1 will be Operational early in 1980. I anticipate it would be
i

1

l
18 1 operational in early 1980. The initial version will be

4

19 '| directed toward PWR applications first. And it will be single

20 | phase in the primary loop or loop.
:

121 i But I wanted to point out tha t this is not necessarily
a
!

22 ], a limitation to restrict it to non-BW3s- because, as I mentioned
i

23 : before, SSC can be viewed as a series Of building blocks, and
i

24 we already have a steam generator representation. A .- the
Acs-* wef 81 ReDorters, Inc.

25 ' =cment , we happen to consider water inside the tubes . It Oculd

'

.v 0 o _.
q.. - o t .

'
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:

I
! just as easily be fuel rods instead of tubes. So that exten-
'

,
.

2 sions to BWRs can be handled w. chin the framework of the SSC '

3 structure, but we are directing our initial effort at SWRs first.

( i

4
i P ROF . KE RE : I had got the impression from Mr. Kelber's
1,

'5 earlier comments that one of the goals was to be able to
!

!

6: describe the TMI-2 event, which I had understood involves two-

7|: phased flow of the primary system. |
|

3 MR. GUPPY: Yes, so that this initial version will be

9 able to follow T.M2 up to the point of two-phased appearing ini

10 the primary system. If that is as f ar as we take it, the SSC
,

11 PWR development still could be used perhaps in setting --

12
.

P ROF . KERR: I guess I am a little pu led, because
,

I3(, I would have thought that if TMI-2 had stayed single-phased,
d

Id 1 one would not have needed to develop this code. Yet, you tell
i

i

15 ' me that you're just planning an initial step that will go out

16 { to a time at which the second phase began to develop. It isn't
t

il''Ll clear to me what in#ormation that would provide that would be
1: especiala,y use:ul.

-

'

.r

19 i
MR. GUPPY: Charlie, do you want to address that?

i

'O '' ' DR. KEL3ER: First, there was a realization that in

21 the analysis of the plant and in the analysis of the plant bv
|

. .

t

A4 i

'"l the operatcrs, there was a lack of awareness that some of the
:
f

'3 '--a actions could lead to two-phased flow. So, it was the' o

t
,,

", feeling that having a fast-running code, cne that was easily
Ace-e weral Reoorters, Inc.

>,e

modified, that could indicate when you got to this point was in
'-

!

i .-c o,r fg
& O j s'ee ~ - Y
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1 itself valuable. And I think that is a correct perception.
!

2| There are some other points. I think --

3 MR. RIPP: Lenny Ripp , ARSR. I just got a report
r.

I r

4 which cutliner the TM2 accident which didn' t have the detailed
i,

5 calculations, which does have the pressure , tempe ra ture , TMI , as

I.

6 a function of time as best it could be constructed. But it

7 needs much more detail, which we hope to get out of his analysis.
,

2 PROF. KERR: I guess I didn't make my question clear.
4

1

9 That was not =v. c.ue s tio n . But it seems to be restricting the

10 study of TMI to the single-phase primary as possible.

11 ! DR. KEL3ER: This is not the only activity, Bill.

12 | This is scmething that we can do f airly quickly , and that no

13 other code can do as quickly or as well. That is to determine(
1

14 ' what are the tyc. es of attractions th at lead to two . chase TRAC,! .

q
l

15 j which is the chosen vehicle -- I think the correctly chosen
,

i

I

16 p vehicle -- for the analysis of the two-phased flow.
J

17 Clearly, it can do the small-break analysis and is
'l

181, bein9~ set up to do that. Su: it does not have as yet -- it will

4

19| eventually have -- the same capability as SSC to model the
a,

20 ] interaction between the control systems and plant protective
.,i
1

21 l system, including the safety relief valve.
1

1

22 j There is nc satis f actory code to handle all aspects
a

23 ' cf TMI-2 at this time. What we are doing is constructing two

24 coces tha t are capabic of doing the jcb. Eventually, I believe,
cm .s %oen.n. inc. ,

25 there will be a single code. I wouldn't be a bit surprised if

4 mmi. Y O 1Q uU m



,
._. ___

| 201

1 it locked very much like TRAC with part.s of SSC put on it.
q
!i

2f PROF. KERR: I guess at this point I think I under-

3 stand what you're doing, but I don't understand why you're
(" ;

4 doinc it,
i

5 MR. GUPPY: Could I put up the last slide at this

6 mcment?
t

7; (slide.)
i

8 Maybe this will shed a little more light.
i

9 PROF. KERR: Maybe I should just listen. Maybe I En

10 asking questions before I have information with which to ask
,

Il them. Go ahead.

12 , MR. GUPPY: Well, I will put this up later, but TMI

13(, q is not the only event that we' re going to be using SSC to ana-
14 I lyze. We can analyze another whole series where various failures,

15 single failures, multiple failures, that impact on the system

16 response could lead to, say, two-phase in the primary loop.

l '' 1j Two-phase in the primary locp, to my mind, is something that
,

IS you don't want. It could be used to set operational limits.
t

l''i PROF. KERR: You see, I mean, it depends a little bit
!

20 ! on what you mean. You had two-phase in the primary loop all

2I the time in the PWR because ycu have subcocled boiling. So, I

22 J may be asking stupid questions because I don' t knew hcw far
,a
" you're taking this. I was just pu:: led a little bit when : saw

24 it was only going to deal with single-phase.
w ,<., a.oo m ri.inc ;

.5 ,
,

i MR. GUPPi : Wal: Kato would like to make a comment.

. vorinJ Je J,oc.
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11 MR. KATO: If I may make a couple of comments.
>

,

a
:|

2L We have programs in the light water area at Brookhaven

,

which we are also working on, fast-running codes. The problem3

4 is there are activities -- code development groups have developed

5 codes which can simulate TMI-2 accidents; however, they're

6 extremely long-running frcm a ccmputer point of view, and there

7 is a need for a very fast-running code so you can do sensitivity-

3 type studies, basically to change parameters such as operator
i

9 actions, et cetera, to do survey-type calculations. And that

10 type of code is not available.

Il ' The thought was that something like SSC could be

12 quickly converted into a f ast-running rode , where you can do

i

13 ' studies up to the point where you've got boiling.(,
t

Id ! PROF. KERR: So, vou aren't really planning to simulate
-

<

15 m. .v _ c o.a .
:

16 i MR. KATO: Not initially.
l,

l' l PROF. KERR: What ycu're doing is studying primary'
i

:

IS | systems to see when you get in trouble with PWRs.

U MR. KATO: That's right. Where you have various

20 operater actions taking place. For example, as I understand it,

21 the intent of the operators was to try to get natural circula-

22 tion started at the ver,- early part of the game. They couldn't

23 hecause boiling er caperization had already taken place.

^4 And so, it's in that regl=e, where,.f you have ad

Am+wd@f al Atpor*ers. Inc.

15 fast-running code --'

. .v v n
. t W t .. Q
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iI PRCF. KERR : In that case, Walt, this code wouldn't
i

I
2 help. I take it it wasn' t that they didn' t reall:e that you

i

3' have difficulty getting natural ci culation started if they'd
--

|

4 known what conditions were; it was that they didn' t know whati
.

1

5 the conditions were.

6 MR. KATO: However, I think the point is that now,
t

7| having codes, one can take different types of operator action '

|

9 to see --
,

9 PROF. KERR: It seems to me what you're telling me is
i

10 ', that you are using this route to develop a simulator which will

Il almost operate in real time with which you can simulate various

i

,2 ; things.
,

13 MR. KATO: Precisely.
,

-
1

14 PROF. KERR: That's dif ferent than describing the

15 TMI-2 incident, which is what I thought Charlie said. I guess

16 that's the reason I was pu led. I didn' t understand.

l '' ' MR. KATO: Well, I think simulate and describe are

,c-] similar words.' But I believe that I said that management felt3
a

i
j-,'. there was a need for a fas:-running code , and that's precisely

i

20 J what this will tell you in response to a variety of situations
21 1 when you get in trouble. If you get into trouble, this code

-|
-,,

4' may not be worth too much, bu; it will tell you when.:
o

,, i

' . ' MR. KATC: I might add that there is a great deal of
i

"4' , , , . .. _ .

'worx going On to ceveicp coces wnich are aisc rast-running
A CW-e . er al Reporters. Inc. '

*C
which will now have conplete phase separation capability as well.'-

, ,r.o, .s
' L J t'est t
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|

1| But that's not the immediate goal of SSCW.

2 PROF. KERR: I think I understand better what is being
i

3> attempted.
4

4: (Slide.)
i

i
5 MR. GUPPY: So, just to finish out what this initial

6 version that will be available in early 1990 is being directed
,

7; towards PWR single-phase primary loop, and we're modeling

2 once-throughs first before extending to U-tube written designs.

9 We are gearing towards B&W types.

!

10 PROF. KERR: In the meantime, have you persuaded
I

11 somebody in licensing or somewhere?

12 MR. KATO: Pardon?

l'' PROF. KERR: I was asking Charlie if at the same time '(
|

14 this develocment was going en you were also persuading someonei

,

!

15 in licensing or regulation that they're going to need it when

16 it's available?

17' DR. KELSER: From the hallway conversations that I

18' have had, I don' t think it has verv. much c.ersuasion. They want
.

.

19| us to hurry it up.
-;

i

20 1 PROF. KERR: You do expect a user recuest?

21 | DR. KELSER: I don't know whether we'll ever get a
l

22 ,j! user recuest for anythinc. like this. It will just by used. I.

',s

23 j really don' t know whether we'll get it or not.
o

,4/ MR. KATO: There have been tremendous pressures ine
1

Ace-kwueral R emmrs, Ific. ''

25 the last two months to have a fast-running code of this type,

n ., c. . . -

D' a ,w s C
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|
i

1j from the licensing people.

I

2| We have some other work that's going on directly for
I

430 the Reg staff who are doing this.
,

l

4| DR. KELSER: By the way, the time period we're talking
,

i

5 about, for example, in the case of simulating TMI-2, is up to

6 about six to eight minutes after the turbine trip, according to
,

I

7! this analysis that Len Pipp referred to. At that time, the i

!'

9 system got down tt. saturation pressure, and it's not clear

9 precisely would large-scale boiling started. And TMI-2 would

10 be intended to pin that down somewhat further. SSCW would be

end416 11 intended to pin that down further.

12 ;

1 ..

13 "1( ,

,1 .

||
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2 MR. Gu?pY: 5efora coing in*.o tr.e status of exactly

- 3 wnere we are witn tne 35C-6 development effort, just l ook ing

a at various tnings that are req uired in the s ys tem mooel in

5 vessel representation, the stean generator representation,

$ tne multi-loop represen etions which SSC is set up to nandle --

7 one of the different features that the 5/fR plant nas is tnat

S they nave large, oversized -- we ll, not oversized out large

; ste am genera tors, for example.

10 Westingnouse for loco design nas e cump for eacn
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- i mode ll ing , the mocelling of tne core and the fuel rods and

2 tne f uel a ssemolies control ro ds remains tne same.

- 3 Correlations constitute of relationsnips have to be changed

4 to aater. The LMFSR cover gas model is simply deleted, out

5 then the way that tne in-vessel rods and the structure and

6 wn.at not are ouilt, they are nandled througn input. So tnat

7 doesn't need to be char.ged.

3 ?ocF. KERR: When you say rod, you mean a fuel rod?

9 MR. GUPPY: Fuel rod, control rod, whate'<er is in

10 nere. The user cuilt it in inputs. I didn't get into that.

11 It's in some o.' nose supplementals.

le, ,,

K. -,: 1 just wanted to .<now what you meant
.e n ,, . :xa

.

u.

1 ., u v. .-,8... .

( 14 VR. GUFPY: Yes. The piping -- the mocels were

15 identical, the gecTetry specified through the input. We have
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h 1 alone model, since this was a new model, it was ceveloped

2 fist on a stand alone bas is . It's currently oeing interf sced

4 --m
3 .n o ocu..

4 It is ope rational .

5 On the next viewgrapn --

6 (5]ide.)

7 -- is snowing one result of a verification.

2 u R . oI _ v_a_ u. : 2xcuse me a moment. Is pump cavitation
- - .

-

9 never considered in any of the models?
,

!] V.R . G U.?PY : We haven't extenced the model to handle

,1 .,a.. ... u.

3 -, - . _ , - . -

rIc un. :::veu: :ven .4n the _.f on- case.r

1 ., A, n . u d e3v. : even in the _,M,r__R case. out a.3 3 ooerating
~ - .

:
-

.

s_ 14 regimes of the cumo are accounted for. All four cuacrants

15 of tne operating regime are accounnec for. We canno:

;<
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n 1 MR GUFPY: Yes, I think so. That's a fairly vide

2 swing in pre ssurizer cre ssure. And tne tning that is not

3 <nown exactly i s wnether tne temperatures come in in a

4 surge line and the sprays -- what's tne temperature of tne

5 fluid coming in the surge line and the sprays -- to the

6 extent po ssible ?

7 Th is t o m y m ind is a fairly good comoarison compared

a to experimental data.

9 PROF. KEOR: What aculd it look like if your work were

13 not ve ry g ood? How different would it have to Oe?

.11 -G . JU.PP Y : I can't tell you. If you couldn't follow

i-
ic tnese -

13 PROF. KERR: You must have nad some criteria for

g_ 14 deciding that it was pretty good. Was it just eyecall? You

15 looked at it and said that that is pretty good s imul a t io n ?

15 or example, the re's a snece in bctn cases in tne

17 exoeriment. It represents some scrt of transition, it s ee ms

I; . - . . , , ..v

T $ .T A. .
9M "w .F _Q R. _C . O @. *. 9.."..' 3 * ,i-. . Js. - 1. - - . A. Q
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22 PEUF. KERR Tne ra's a ra!ner large thange in sloce
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j 3 1,.- .1 .1-.2- .<. .,;- c. ..4-.< - < s e. . ,

iv...

2 Again, I ton'* Know whether cnat represents a

3 phenomenen that's i .c o r t an t . Hence, I don't knew. It Oces

a not lock like a bad sinulatic, to me, out I don't know now

5 you judge. I wonder wnat criteria you used to determine that

5 it eitner was a good or not ve ry goo d s imula t ion.

i .n.s . vurPv. : .w o u,.3 a s_,y .na. .t,s ,e,o-. I ,a- n.,,, -n- , , s
y . e- . .

3 excellent, out it's good. It follows tne trends.

? Charley?

10 DR. KEL5E.s: I gue ss wnen we first saw tnis, we

!! l oo ked a t tn e scale over on tne left-nand side and felt *nat

1 .na , .< s . . = * . .h a. .c w a. - a. w .' *. 1 .' n., * m. a. . r a m a " .i =. a--".a v. ^ '. * n =.^
s vu - -- - - ... - . ..

13 measurement itself.
.

( ,. ;a r.g2-s.e ' ~- - o . ,/ . a r a, a. a ^o = l a. . '1. . a *H-. ~ ^ a. _e '. + r. .2
o - vv .y.

.

15 something like 1995 .osi uo to 215C. A.d ne ismatenes are
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-h ! ne use d *.be oest temperature data availacle. If you twiddle

o 4.u".a' a .' 4 .*..' s. . .' ' , you can ^,o*.. y a. ' ' .<..v., ,u.- + n a- *. n * - '
. . -

^^- '' *mw. .. .-

: m6 /o. 1- a. n. . d.
- . . .

v . -.

4 Sut ne di:m/t f eel that it was worthwnile twiddling

5 that oeca use of tne cata.

5 2ROF. KEPR: I'm really not trying to cua rrel with

7 whether it's a good simulation or not. I do n' t kn o w. I

3 just wondered wnat crite ria you used. Charley seems to say

. * r. a '. .i ' .i * ' .s w .i ". P2 i .n 5 y . - r. a . * , .i''c e r a * * v .^o d. . v. o ' ' d .' d . 4 ' *.. . . a. . . .
,

r . .w v - .

10 tell me tnat, so you must nave used something else,

li ! Just wonde red what yo u us e d. Or mayce tne man Nno

;3 wa- . , *

.e.n. f ..
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3 pre ssurizer and tnen put in tne surge flow, the spray input,

4 and . n . _c le t ri a. .- a s "e .1 * * n a *. = m a. o u*w*' '
_ w . .. - .

5 I guess to my mind it follows tne trends. Then

5 vou'll have to see how the rest of tne system --

7 P R O .: . KERH: I :nink wnst you're telling me is that
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r 1 reactor steam generators is that they have what i s ca llec

2 an aspirator in wnicn some of the fluid tnat's going past

3 tne bundles gets diverted and mixes with the f eedwater coming

4 in.

5 de're working on incorporating this asolrator in.

$ It's ceing worked on. But we ha ve, without the aspirator,

7 we've got the steady state steam generator mocels running.

3 I had some plots in the next couple of viewgrapns

p on what that l oo k e d 'ike.

10 (311de.)

11 ahat I wanted to just snow here was -- this is

12 without the aspirator. n'h a t ne aspirator coes when the

13 secondary fluid enters tne f uel oundle regic i, i t's alreacv

(, 14 saturated. Ahat this shows is that here in th e once-througn

15 steam generator, we have four neat transfer regim.es tnat are

16 being hanc.,ec. _.inis is not a comparison to anytning. _inei

17 outlet temperature is pre tty good, out ne temperature orofile

1: 1 ,_c i o. < e ,v. - c e 2,.so '52a
--y .' ='.~. .' _c .n o - .i n . . . e - =.' - . -- . .- . y -- - . .

1y ye .

20 Tn a t just snows nat tne mode'. is ceinc ce / eio e o and

*, -

w 4 *b- -,,;. 2 . . . a ,y e<
aww. 2 6

*7 ( 2 .} l' W o . )u- s

)
- - ocw ..".C. .-q

. %. $ . n .$2- .'w.I w M, .2 . i . O. A .oh y .r O, . O. O.
* M P *. . O n M. . O

s v

d" j e ' a= c, * w a . v..a - j e * a =. ~q ". m. pJ + o i aly*gm* - c - swa *ma -.qa 2 4W4 * *ggu* qa*a*jLvi . -- e s. - .. 6v -J u* . s -* -.

3 .' .f a r * g 7 * 3. .e w o. O * * e e.q - .a a .* q mo we ' mo m ;.e ia *m3
- n .e. *u . a s, _c . . - e3 ; ._q 2w e

'-.-m --- g.t. . . - - . w - w - .s-s ; - s- .-

., . "i">n q'JL.1ai w i



214

I u ,/ . i ,/ . Y- s

,

:n I a dd e d a s required.

2 de have a f airly general way of scecif ying PDS

3 functions and plant control as specified, what's go ing in and,

a wnat's going out.

5 But as one of the people mentioned, something new

$ is this nign pressure injection tha; is added as recuired.

7 So that orings me to tne last slice that I put ua

= s . .+ o r a. .av-

J (Slide.)

10 Wh ic h is what we'll ce doing once we get tne initial

il version on the road. We hooe to have it conpleted, exoect

el4 0 m . r .1 2. . 50q .- a. g r .i s/ /20. ii.,a. e .i s . *w.n .i n y * 1 a *. w a. w ' .1< - - - .I '/a--+ g . . . - . w. .

13 it to is tne TMI-2 e vent . But we will only ce acle to follow

14 it out until a poroxi.mately a minutes into tne transient untils_

15 satura tion pre ssure is reached, somewnere in the crimary 1000.
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'h i lead to design oasis events.

- - .

- .nen we W1.3., ce, just as w.,th tn e _, .M . o n,- r e i a t e d

: 2-*4v.4 . 4 m. e , w o, w .< .1.1 s. . a ". y '9^9 on a v o. . *4 ' 4 . a *w 4 .' m. a.'.."^.. S. n ss -... ~. . . . . . v4 . -

4 o f t r.e particular ones tnat we're interested in looking at

5 are some Onat have just recently been done in supoort of TVI

5 by San at Oneir Alliance, Unio experimental facilities for

7 stecn generator and natural circulation related *ests.

3 de'd like to use those to verify our stean

9 generator models.

1: Other tests that come to mind is a reactor plant is

; .o . . .q g ^n .' .4 .m.e . ' . a .i . n ^s u v .n *'m.=~. .i s a. i- ; " o. a^ .4 .q .^< -i 'n' i . '. a n. > =. s ,i .
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n i The nomenc lature that has already oeen irtrodJced
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7 the code.
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4 like to give the present thoughts we've had on achieving this

5 calanced approacn :0 natural circulation.
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gsh ! Then we'll discuss the plan t re ore sen tation. Then

2 some very brief discussions of comparisons among the various

3 plants ano indications of f uture work that is involvec.

-

4 (Slice.)

5 The numerical and physic al approach -- some of the

6 distinctions between numerical and physical in what I have

7 here are a li ttle f u::y. But at any rate, that's taken care

e of oy the fact that I nave numerical / physical. I'd like to

9 talk acout time constants because certain of these transients,

10 the time constants of particular physical processes are

11 i m po r ta n t , bo th f or deciding whether they need to be involved

12 in the physical descriotion and in deciding now to treat

13 :nem numerically.

14 One of the thoughts, and you talk about -- when you

's_ 15 consioer transients on the order of hours or days, you say,

16 well, we can just treat this as a group of steady state

17 calculations or quasi-ste acy state calculations.

15 It turns ou t, and this was a bit of a surprise to

19 me at least, that this is oy far not the case. We cannot

20 use One quasi-steaoy state calculation techniques f or reasons

21 I'll oescrioe in just a meren t.

22 I w.ll oiscuss oriefly some numerical me: nods and

23 nen give some numoers for en thalpy transport, wnicn is sort

24 of the su ppo r t fcr tnis statement t ha t we cannot use

25 quasi-stead, s:sted mscnocs.

u r .1, n o n . ;-
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gsn i PROF. KERR: When you use the term, " tim e constants,"

2 t hou g h, is it valid for me to assume that you're cealing with

3 a lump system model cf some kind, perhaps either a zero

^

4 dimension or one dimension, at best?

5 CR. MEYER: Tha t's why I he si tated to say whether

e tr was numerical or physical.

7 (Slide.)

5 I'm using sort of an operational definition of time

9 constant. As a function of time, you have some input that

10 coes up in, say, in a linear manner. And ther. you have

11 some response, the delay be tween the response an- he in pu t

12 of :ne response I'm calling a time constant. We may call

13 t ha t one element in the clad of a f uel rod, f or example, or

14 we coulc call 1; the entire f uel rod, even thougn it's

15 sectionalized.

16 So I'm using it in not a very precisely defined

17 sense, cut this is my operational cefinition tha t some i n pu t --

le for example, the power goe s u p in the f uel rod, the heat

19 flux will follow at some later time. And I would use that as

20 a time constant f o r t ha t fuel roc.

21 FROF. KERR: It's a perf ec tly valic cefini tion. If

22 i t's ycur ce f ini tion, I accect it.

23 DR. MEYER: Tha :'s wha t I mean then by time constants,

24 an operational definition of time constant. It gets simple

25 in simple cases. I t ge ts f u :y in more complicated cases. Su

4 . ~m
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gan I the general idea is this: The question that I had started

2 to raise on the previous slide of whether a computation can

3 be calculated in a quasi-steady sta te , an equation f or that

-

4 is -- how doe s this timo compare to the time significant

5 changes? If the time constant is very short compared to the

6 time for significant changes, we can probably treat it as

7 a quasi-steady calculation.
.

a If the time constant is very long compared to tne

9 time f or significant c ha n ge s , then we cannot treat it as a

10 quasi-steaoy calculation unless it is very, very long and

11 then doesn't pa r tic i pa t e a t a ll .

12 So I'm going tnrougn sort of a plausicility

13 argument of how we're considering building the numerics f or

14 tn! : long-te rm ve rsion , and this is what I've callad a

15 quasi-steacy state ratio, which is simply the comparison ofg,

16 time constants to the time for significant cnanges.

17 P R O .: . KERR: You're also going to comment on how

15 you juege qualitatively or quan titatively whether you have to

19 go to more Inan one dimension.

20 3R. MEY E2 2 Yes.

21 PROF. KERR : Okay.

22 39. MEY ER: I no pe so . I'm intending to answer that

23 question yes.

24 (Slide.)

25 Question: What is tne time for significant changes?

y . o .,
%~ n i m:s . . q)
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gsn ! d na t I na ve plo tted here, this is taken from some Westingnouse

2 calculations !cr the Clinch River reac tor. In fact, all of

3 my reactors tocay will vu f rom the Clinch River reactor.

4 This is f or a flow coast-cown to natural circulation,

5 the first thousand seconds of that transient. This i s the

6 exit tempereture from the reac tor vessel as a function of

7 time. *.c the scale here is like from 300 to 600 degrees C.

5 You'll see that the curve sort of meanders along and that

9 !'ve said, well, if I were here, ve would really like to know

10 t ha t t ha t particular transient has occurred.

o a time of significant changes by about11 And this i

12 70 seconcs.

13 So we have to nave me thods that are able to get

la detail then on the order of 70 seconds, but we procaoly con't

i 15 n eed to oe just a few time s: cps in there may be significant.
.

Io 7av ce sufficient to get that detail.

17 On tne o ther hand , in these particular transients,

15 se coulc not use 250-second time s. We've com ple tely T.i ssec

19 : na cetail there.

20 PROF. KERR: How cc I know tha: that detail is

21 significant?

22 DR. MEYER: Inat's ju st a jucgment. I just icoked at

23 :nis picture anc I backed off anc saic --

24 3ROF. KERR: You're saying suppose that's significant.

25 DR. MEY ER : Supoose that's sig.,f'4 cant. I: may oe

, . c .m 3 ,
MO o %:we '
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gsh 1 that we don't care about Inat, that all we care acout is that

2 it's going down like this. Maybe we can take mucn lcnger

3 time steps, then.

4 Sut if we want to know that that's a curve, and~

5 I t nink t ha t there are reasons that we might want to know t ha t

6 that's a curve, because tha t's where we've gone into the loop

7 and there's a lot of piping out there, we may not want to know

S wnere that ho t sodium i s.

9 We may want to know whe re that sodium is a li ttle

10 later,

11 So that's the kind of thing. You sit back and say,

12 w ha t is significant? What is the time f or significan t c hange ?

13 (Slice.)

14 So numerical methods, as I saic, have to be very
'

15 gcod. In this situa tion, one of the questions is how explicit

16 can we make tne methods?

17 By "ex plici t" I mean that we use old time information

iS to compute what's going to happen at the advanced time to

19 decice how explici t we can make the calculations. Explici:

20 calcu ations tenc to be very fast, tenc to be easy to ca.

21 On tne o ther hanc , they tenc to become un stacle

22 if :nis nuccer cecomes too big.

23 Tnis number is what I've called an explicitne ss

24 ra:io. It's the ratio of time ste p to the phys;cel time

25 constant or to the time constant cf a particular proce ss. If

,,,.m ,y
u s.Se o H en e w J
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gsh I this nuccer i s very large , :nen we cannot use explicit

2 calculations. If this number is very small, we can use

3 explicit and simpler and f aster calculations.

4 So that, again, there is a balance that we have to^

b de in this system in designing the computational system.

6 The final thing, and I've already alluded to it, is

7 how fast i s t he tran si t ? This is a speed ratio. The ratio

e is the ratio of time ste p to significant time like the 70

9 seconds we had before.

10 Again, if we wand to handle that 70 seconds

11 significant tima, cur time steps can't be larger than, say,

12 10 to 15 seconds. But if significant time is as long as

13 70 secenas, we would not expect t ha t we'd have to handle

14 time steps on the order of one second or a half second, we

15 woulc expect that we would be able to usa -- f rom physi cal

16 reasoning, we'd be able to use longer times.

17 So it's this kind of calance that I'm trying to

is incicate. This is our objective -- is to ge t a balance among

IV these various compe ting things in many times.

2C SSC -L , c f course, tne existing coce, ha s been in

2! cperation f or two years. I; has to answer some of the same

22 que s;icns. How explicit? Wnet kind of time s e ps compared to

23 the speed of the transient? And so forth.

24 The Inings that make some of the techniques that

25 have been incor pora :ec in SSC-L that make it run so quickly is

* o b. . u -insow O
o
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gsh I that there are strings of calculations. This is the

2 evaluation of naving a one dimensional model. There are

3 strings of computations volumes that are connected together

4 in an implicit manner.''

. or example, the outlet temperature calculation of5 :

6 the reactor vessel all the way around the loop to the inlet

7 to the reactor ve ssel is handled implicitly.

9 There's one string of computations.

9 Then when you get inside the vessel and more detail

10 is neeoed, you have what ere called your explicit connections.

11 The lower plenum and the upper plenum are treated explicitly.

12 They brake the computations, make it very efficient to do One

13 com pu ta tion s , and yet, are sufficiently accurate for the

14 SSC-L type of tra n si en t s ,
m

15 One of the questions in our minds that we really

16 don't know the answer to is when we go to these very long-term

17 transients, whether the explicit connectors have been put in

la the right place or not.

19 It may be t ha t the e x pl i ci t calculations should be

20 in a very different place in the long-term transients tnan in

21 the short-term.

22 So this is one of the questions tnat we nave askec.

23 The other SSC-L tec hnique that we had plannec to

24 acopt is that cifferent time steps can be used in different

25 parts cf the system. The steam generator is calculatec en

. -r-u,
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gsh 1 one time step and the reactor ve ssel is calculated on another

2 time ste p, and they all come together in the master clock.

3 So there are a few levels of time steps that are

4 used in SSC-Ls this type of multi-time step technique,

5 PROF. KERR: If I had to try to understand the

6 decision process that results f rom this, it seems to me that

'l in order to de termine what time intervals are significant in

S various phenomena, I have to have a fairly good idea of

9 what's going on.

10 DR . MEY ER : Yes.

11 PROF. KERR: So that some of these things might

12 have to be decided inde penden tly of the code, but on the basis

13 of the physical phenomena and/or phenomenon that are being

14 described. Is that right?

(_ 15 DR. MEY ER : That's exactly right.

16 PRO:. KERR: Thank you.

17 (Slide.)

IS DR. MEYER: I'd like to display some numbers he re

19 for tne Clinch River plant that were a surprise to me when I

20 first saw :nem. The se now are entnalpy transport time

21 constants.

22 In otner words, if I take One inlet of the reactor

23 vessel up at some linear ra te and then watch wnere the

24 reaction of the reactor vessel goes up, the delay will be

25 43 sc cnds a t f ull flow in Clinch River. It's a very sluggish

v J . .v
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gsh I reac tion to temperature transients or enthalpy transport

2 transients.

3 This is pure ent nal py trans por t delay. There is

4 no me tal involved in this or anything. It's 43 seconds.

5 The next step, another 14 Inside t he IHX, the intermediate

6 hea t exc hanger, another 12 seconds, and so forth.

7 Tht total in the primary heat transfer system is

5 76 seccnds. The total in the intermediate system a t full

9 flow is 94 seconds. The total in the steam generator is 57

10 and so forta.

11 Of the time spent by fluid in :ne reactor ve ssel,

12 only 1.3 seconcs are spent in the core. Anc this makes an

13 interesting conclusion about the core when we go to the low

la flow situation. If we go to somewhere near the end of tha:
,'

15 transient I displayec on tne previous figure aoout 10C0

16 seconds into the transien t, the primary heat transfer system

17 flow is about 3 percent.

15 I think the intermediate is about 2-1/2 anc this is

19 about la percent.

2C At any ra te, you see the -ime constant now for

21 transpcrt, en thalpy transport around the primary sy stem is

22 three quarters of an hour, 25CC seconds. The time constant

23 arounc the intermeciate sy stem is over an nour. The steam

24 genera to r, ano the r I C minutes.

25 So this .s the su ppo r t , then, f cr my contention tnat

# 1'*r7(}4
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gsn it certain;/ can't be trea.ted as a steady sta te. You must

2 treat it as a transient calculation.

3 Cn tne other hand, if you Icok at the core here, the

4 core is still a: 43 seconds transport time.

5 PROF. KERR: Tell me how that demonstrates that you

o can't use a quasi-steady state

7 DR. F.5YER: If we're talking about.a transient in

e w hic h we're interested in things on the order of several hours,

9 and, for example, have operator action within that time, we

10 are not going to settle out to a steady state because it's

!i going to take --

12 Let's say that the operator puts extra cold f eeo into

!3 the steam generator. Tha t means that that reaction, then

14 will come arounc through the in te rmedi a te l oo p. It's going to

(m_ 15 take an hour for it to get clear around the intermediate

16 loop. It's going to take another hour for E. hat disturbance ,

17 ano ther three quarters of an hour to get around the primary

IS loop.

19 So that tne eff ect of that operator action f rom

20 an entnalpy transport time s tand poin t will be f el t very, very

?! late. It will net settle out to a new steady state until

2.. V e ry , very late.

23 PROF. KERR: I gue ss to me s teady sta te and

24 quasi-steady sta te con' t mean the same thing. Qua si-s te a cy

25 state I can get by moving f rom one steady state to another

.v..',"..,a.~at e
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gsn I steacy state in some fasnion, if I don't have things c hanging

2 tco rapidly.

3 It would seem to me naively that as slowly as these

'

4 things are changing, one could almost get from here to there

5 by going from one steady state situation to another steady

6 state situa tion.

7 You seem to be telling me that that's not practical

a because it takes so long for change to occur.

9 DR. MEY ER: Tha t's right.

10 PROF. KERR: You may be right. I just don't

11 understanc what it i s you're telling me.

12 09. MEYER : Okay. I'd like to do it ano ther way. I

13 think one of the things in definitions of steady state, that's

la one of the reasons I put on the definition before, is the

( 15 life of signif ican t c hange.

16 How does that compare to the total time con stan ts ?

17 I'm saying that this is tne time constant of the system. If

le we make a significant change somewhere in the system, change

19 the enthalpy or the temperature somewnere within tne system,

20 it's gcing to take that long f or tha t change to settle out.

21 The r ef o re , my cefini tion is not qua si-steacy sta te.

22 We ao rot reacn the new s teady state. We must have many of

23 these time constants in order to reac h the new steady state,

24 a true steacy sta te where we nave the same heat input anc

25 the same power going tnrough the IMX and the same power coming

bbN3.[
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gsh 1 out of the steam genera tor.

2 Now you can reach a situation in which the flow

3 varies in the primary loop almost constantly, and that way it

em 4 looks like steady state, but i t's not a steady state because

5 you're still taking out more or less heat f rom the steam

6 generator than you were pu tting in the primary.

7 That's why I say that it must be approached in some

6 sense as a transient calculation. There may be simplifications

9 but it must be approached as a tran si e n t calculation.

10 The last item on here is to note 'that this time

!! for the core, 43 seconds, com pared to all of these other

12 time s in here , indicates that the core, even though the

13 other transport proce sses are taking very long, that

14 tran s po r t through the core is still very rapid. And we may

15 be able to take almost a quasi-steady state treatment of

16 just the tran spo rt processes in the core.

17 We may be sole to treat tne core much more simply

la than you would think on the basis of -- w e l l , I don't know.

19 T he ho pe i s t ha t we can treat the core very, very sim ply

20 because of this and tna; we can use subsidiary steacy state

21 calculations with more cetail of coces in order to ob tain

22 ccre behavior.

23 RROF. KERR: Should I conclude, then, tha t you make

24 the cecision on wne tner the coce needs more than a single

25 dimensional treatment cy, in effect, observing the time of

G. . 3 ;e m o-,
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gsn I transport or the time constan t.

2 So it's not spatial characteristics that you deem

3 im por ta n t , bu t ra ther, time characteristics.

''
4 DR. MEYER: Tha t's correc t. And the other item is

5 t ha t wha t we ho pe to be able to do is to suggest ways to the

6 user of the code t ha t he can use whatever dimensionality he

7 has -- for example, the COMMIX code -- in order to provide

8 input and to do, f or e xam pl e , steady state calculations and

9 whatever dimensionality is needed f or a gooc description of

10 the code for the COMMIX calculation, and then provide the

11 input inf ormation to SSC for these long transients and get

12 the o ther important f e a ture s , the important transient f ea ture s

13 for these.

14 PROF. KERR Suppose at some point you were faced
,

' 15 with the task of deciding whe ther tne SSC-S, if that's the

lo right nomenclature, code woulc of itself give results of

17 sufficient a ccura cy t ha t one would not have to worry about

15 ccing experiments?

19 How woula you go about making sucn a decision?

2C DR. MEYER: I tnink tha t we nave to base decisions

21 like tha: on otner stuales.

22 PROF. KERE: O ther calcula tions?

23 DR. MEYER: Other experiments. Certainly, there are

24 a great nutoer of e x pe rim en ts , intra-construction experiments,

25 E52-2.

oyo
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gsn 1 PROF. KERR: So you would not, at least at the

2 present state of knowledge, be able to extract from the code

3 i tself whe ther the inf orma tion is valid. You might want some

^

4 experiments.

5 DR. MEYER: On, cefinitely, yes. In fact, I think it

6 wot '.c be very dif ficult. I can make a lot of nice pictures

7 and a lot of inter-code comparisons, but I t hink t ha t the re

S will still ce disbelievers. In fact, I think that I would

9 disbelieve a lot it myself.

10 We have to have tP9 building block experiments. And

11 I'm using building block in a diff erent sense than Jim is.

12 I ha ve i: in the note s he re somewhere . We need building

13 block experiments. We need building block analyses. The

14 COMMIX coce is a building block analysis for individual

15 components.
.

16 There are a number of other analyses that are being

17 performed that are building clock analyses. We must compare

15 our accels to those to find the limitations to nis a pproacn.

19 ?ROF. KERR: But you woulc expect that a rather

2D :norougn examination of the code would indicate the kinds of

21 experiments or the kind of experiment that one might eventually

22 n eec .

23 DR. MEY ER : You know, I can't know. I was tninking

24 when you asked the question before acou the cressurizer

25 model wnat I woulc have answered en that one. I can't nink I

: , <> 9 ,it.A _,. / 4 v 2
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gsh I would have answered tha t. I don't think that I would have said

2 how good is it?

3 I tnink wnat I would have done is say, here we have

4 a code, a pre ssurizer model. And we f ollowed a Shippingport

5 transient within 20 psi. That's what we've done. We

6 followed this other transient within 17 psi, and so forth.

7 W ha t I'd like to have is a whole list of things of

S ways in which this code was compared to experiments and say,

9 here it is. Thi s is how well we can do i t. I s thi s good

10 enough?

11 If it's not good enough, tnen we can't hel p you.

12 And I think it's very important f cr the user of the code to

13 know how well you can do. I don't think t ha t you can make the

d, 14 judgment. I think it depends on his needs whetner 17 psi

(7 15 s close enough or not.

d
16

17

15

li

20

21

22

23

24

25
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kap 1 DPGF. KERR: I was f aced with the question of

2 whether tnis was good simulation. My question is how do you

3 j udge ?
~~

4 DR . MEY ER : In response to tha t que stion, I

5 wouldn't have jucged. In response to a related question

6 here, of what experimen ts are needed, wnat I think we need

7 here is a wnole range of experiments and a whole range of

3 the se building block things. To be able to say, This is

9 what we can co, this is how we did it, and this is how we

10 delineate tne range of validity here, thi s way, rather than

11 making a judgment ourself as to whether it's enough.

12 (51100.)

13 The core model, then, we ho pe to make a very, very

14 simple core model. It may be in many of these transients we

( 15 can use one axial section and one path through the core. It

16 m ean s, t ho ug h, : hat the user must supply us with certain

17 inf ormation and that's the area in which my present, or up

16 until a week and a half ago, in the water reactor version,

19 was going to try to delineate the way in wnich inf ormation

20 shoulc be su'pliec for the core mocel ano the range in wnicn

21 those might be valid.

22 Le: me just make a couple comments. Inese are the

23 areas in which -- the se were outlined in the report tna: Jim

24 henced out as po ssible areas of investigation. And I've

25 cone some of the work in there, and some of the work since

e.:d, . n y mea m t3 L'
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kap I that time , bu t let me just give you the results here. It

2 looks like axial conduction in the core, whicn is a terrible

3 thing to include in the calculations just from a

4 computational standpoint -- axial conduction in '.he core is''

5 probably unimportant down to about a tenth of a gercent

6 flow. So t." s t's the conc lu sion of the axial conduction.

7 T ha 's a vraat simplification.

8 Buoyancy effect, I will discuss in just a moment.

9 Heat transf er within the a ssembly, within an assembly,

10 intra-a ssemoly transf er is heat transfer, I think we can

li combine with the buoyancy ef f ec t in some of these subsidiary

12 calculations. Transverse hea t transf er between assemblies

13 may be handled in the se subsidiary calculations. There may

14 be cases in which we just can' t do i t in this code, for

15 exam ple , tc handle some of the individual assemblies in the

16 XXOS , or wha te ver i t was, in the ESR-II, I'm not sure we can

17 handle :nat very well within this code , the thermocouple

15 re sponse in that assembly.

19 Eut, okay, :ransverse heat transfer. I think we

20 would not have wi thin the code. We coulc have it in the

21 im ou t cal cul a tion s. One of the t hi ng s , nere are several

22 analyses, and I gue ss some experimental back round is, wna

23 are the buoyancy ef f ec ts en local f riction f actors, cecause

24 cf local veloci:y changes within the core when we ha v e a

25 buoyant situation. W ha t are the effects on local he a :

. o ;. .
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kap I transf er coefficients? Those resul ts, looking them over

2 carefully, indica te that they will not be needed in the

3 core, in SSC-S, if we would have case s in which the f riction

4 factor or the heat transf er coefficients are getting into

5 the range where tnose eff ects are important. We would have

6 boiling in ;he core, and when we get boiling it's .just like

7 in the water version, there's no good way of handling a lot

8 of boiling in the core .

9 So that these f riction f actor eff ects need not be

10 handled. So we have no axial conduction that need be

11 handled, no local buoyancy-induced changes in friction

12 f actors or heat transf er coefficients, and the transverse

13 hea: tran sf e r is simplified.

14 Suoyancy effect, then, we would like to have

15 included in the mocel --

16 (Slide.)

17 --by user-su pplied inf ormation of this kinc. Thi s

le involves some very simple calculations, han d-he l d calculator

19 size, from 100 percent cown to a tenth of a percen; to show

20 what nappens from buoyancy effects alone be: ween assemblies

21 and this is sort of annther representation in steady state

22 of the kind of effect that Jim Guppy nad displayed in one of

23 nis earlier slides. At full flow, a not assembly, here I've

24 chosen one wnica has an enthalpy rise above the core average

25 enthalpy rise of 1.7.

OO s., u.i o
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kap i You see, wnat ha ppens is that it goes from a

2 transition to that, so that it comes down the entire core.

3 The low flow conditions has ne same enthalpy rise, and the

4 transition f rom tne high flow condition to the low flow

5 condition depenas on, if it's a high enthalpy rise situation

6 or a low enthalpy rise si tuation f or various transitions.

e inis, then, is a direc t mea sure of the flow moving to the

5 ho tter regions.

9 Similarly, the lower curve here is a family, for

10 the coloer assemblies and the flow is being withdrawn f rom

11 those colcer a ssemblies moving to tha hotter assemblies and

12 theref ore the enthal py ri se goes up. So out in this kind of

13 region, less tnan acout one percent flow, one has a whole

14 core. They're all there at the same en thal py ri se.

IS Tha t is also an encouraging simplification. In

16 the cistributed material, I also have a similar graph for

17 <tithin an a ssembly or intra-assembly buoyancy ef f ec ts. I'm

15 not going Oc go over tnat right now.

19 Now, the conclusions of tha t --

2C (Slide.)

21 -- I ho pe , and I ho pe ;; holds up under more

22 scru tiny , is that the core repre sen ta tion n thi s coce can

23 justifiacly be sep: extremely simple, one axial section and

24 that's a great percentage of the calculation time, is in the

25 550 '_ within the cre. This core r.ocel, then, is extremely

<v.
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kap 1 s im pl e .

2 But where do we put this effort back in? The se

3 are some of the items tha t really need greater attention,

4 probably, than any transients that are already covered in

5 SSC-L. Frank rapresentation, then, first, to get the

6 natural circulation flows -- we need to know densi.ty as a

7 f unc tion of posi tion around the entire lcop, in order to get

S the driving of the natural circulation.

9 This takes some special demands. First, we have

10 to know where the heat's taken out of the steam generator.

11 The steam generators may be tens of meters hign and where

12 the heat is taken out of t ha t steam generator makes a big

13 difference. If it's taken out high, we'll get good

14 circulation; if it's taken out low, we'll get bad

(. 15 circulation.

io It make s a diff erence, now, what the transient

17 behavior is. If we have an opera tion in which cold liquid

15 i s pu t on one sice of ne heat exchanger, removing a lot of

19 heat, that cold liquid tnen f alls cown to tne bo ttom of a

20 low region in :ne core. Tha t's a cold trap and the ficw may

21 just stop entirely. This kind of thing has to ce stuciec.

22 That's one of the Inings that this SSC-S coce would ce

23 appropriate for, to delinea te the ty pe s cf maneuvers which

24 would leac to cold trapping or to stop the natural

25 circulation of flow.

n([f . y - aU,
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kap 1 And ano ther rea son f or the transient operation,

2 you remember now, that transport time s are on the order of

3 nours here so we have a lot of time for this flow to get

4 down there and stop, and so forth.

5 PROF. KERR: Will the one-dimensional capability

6 permit one to raise the set of questions to which you refer?

7 DR. MEYER: T ha t' s a tough one . And that, in

5 fact, i s w ha t I've called here 3-C, Stratification in

9 Pipes. T re re is the phe n cmeno n , of course, o f ho t wa t e r --

10 hot coolant, sorry, I k ee p sa ying wa te r -- bu t ho t socium

11 going into a pipe with cold socium will tend to rise up over

12 and move along. Similarly, if colc sodium goes into a pipe

13 it wculc tend to dive under. If i t- 2 in a loop your cold

14 fuel tends to stratif y out of the cottom of that.

( 15 An d I do n' t think we know the answer to that

16 question. There was a page with six graphs on it that Jim

17 gave oefore. Tnat was one case in which it icoked as thougn

15 even though :ne ce: ailed calculations showec stratification

19 in :na t pipe, :na: One one-cimensional model gave prcbably a

2C pre tty gccd density pic ture in that horizontal pi pe . We

21 ccn't have, I think, t hou g h, a good answer to your questicn

22 in general terms. Inat's cne of the very im portant t hings

23 we must do, is Oc decide when that's important and when 1:

24 1sn't important.

25 There may be some things one can do with that.

. d+ev- m
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kap i Some of the water reactor peopic -- I don't remember wnich

2 code it is -- but :ney tend to run two pipes, one for steam

3 going nis way and one for water going thi s way. Maybe we

4 can do some tning like that.

3 ini s is a situa tion -- I don't know. plenum and

6 pools, there are a number of questions there. Ylhen we talk

7 aoout local eff ects in plenums and pools, we no longer have

8 -- tne buoyancy eff ec ts here are very important. We have a

9 cold jet coming into a hot pool. Tha t cold jet will have

10 negative buoyancy and tend to stop and no.t penetrate the

11 same as if it were a high tempera ture jet.

12 So there are a numoer of plenum and pool

13 treatment s that have to De examined by the building block

14 experiments by building clock analyses and compared to

15 wnatever techniques we have in these codes, the steam side
.

16 slip and phase se pa ra tion s. Inis is important for two

17 reasons, first, to know wha t the na tural circulation flow is

15 on tne steam sice of any steam generation equipment;

19 secondly, to know wne re :ne heat is being taken out of that

20 equicment, to know wnether i 's being taken ou: .ign or

21 ceing taken out low.

22 So the same size slip anc pnase separation, in

23 effect there are going to be special cemands on it. ! think

2- :ne conclusions of the stucy so f ar -- or my conclu sions --

25 are :nat the core needs only to ce very simple; :;1 : :nese

o,1o
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kap 1 things are still an area t na t we have to study some T.cre.

4 <o. tide.)-

.

3 1 just have a f ew words to say about the

4 comparison omong the various LMFER plants and PWR plants.

5 First. there are a number of diff erences in plant component

6 geometry, coth f rom PWR to LMF52 and also within both of

7 these catagories. So the re is a generality we need here.

8 I tnink nat may be a very difficult one for us,

9 because some of these conclusions on relative tran s po r t

10 times anc so forth may be different for differen

11 situations. Fluid properties, of course, are different,

12 especially as we go f rom the LMFBR to the PWR plants.

13 Enthalpy tran spcrt, I have some numbers here. They are sort

14 of intereting. I acn't have ar.y conclusions based on these

(j 15 numbers.

16 ( Slice . )

17 But tnese numoers now are ones that you've seen

16 bef ore f or One Clin:n River f or the LM?3R. It's on'y tne.

19 primary hea transport syste.m. You'll remember that was

2^ acout 75 seconcs at full flow. This ?WR is TMI-2 and the

21 numcers are quite differen:. I ocn't know wna: :na: means,

22 exactly. EJ: we have to retnink .:. The time spent witnin

23 the Lac tor ve ssel, for example, is very, very different in

24 the two situations, a s I gue ss all of the numbers realtj

25 are. We tend to have a lot slower creeping flow througn the

~- , v.- ,o.
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kap 1 LMFBR anc high velocity flow tnrough the PWR situation, even

2 though this is a smaller power f acility than the Clinch

3 River.

4 Let me just make one more comment here. I think I

5 said I have done these calculations and made no conclusions

o about them, bu t I think tne conclusions have to be made. We

7 have to ask what this really means in terms of the modelling

a for natural ci culation in the PWR system, to see wnether

9 we're missing some thing or no t.

10 (Slide.)

11 The final illustration, t he n , is f uture work. By

12 these A, 2, C, and D, I don'c mean we'll do A then 3 then C

13 and D. In fact, work is going on in all these areas already

la in natural circulation. But we do need to f urther evaluate

( 15 t he existing SSC me thods. For example , it woulc be very

16 nice, I think, maybe very instructive to just take the

17 existing SSC _ coce and just run up the time stap to 10

15 seconcs, 15 seconds, or some thing like that. Some of t he se

19 s tudies nave b een cone , but more are suggested.

20 As we've seen, we do need great improvement in

21 numerical methocs and pnysical mocals. Maybe improvement in

22 ne numerical metacds is not exac tly right, but ul timate

23 treacments of the numerical methocs in order to satisfy

2a :nese special cemancs. We must c om pare it to the builcing

25 alock experiments anc the building block computations in

. . , ,
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kap 1 some detail and these sort of all go toge the r in orde r to

2 delineate the range f or validity of the me thod. And I think

3 we have to keep that in f ront of ourselves and in f ront of

4 potential users at all times.

5 Do I turn this back, Charlie, to you?

6 PROF. KERR: Que s tions?

7 (No response . )

S PROF. KERR: Thank you.

9 DR. KELBER: I think there are no summary

10 remarks. Are there, Jim?

11 PROF. KERR: Feel f ree to say no, if there aren't

12 any.

13 DR. KELSER: 1 think that comple tes the discussion

14 of SSC and its va rious aspe cts , and we're ready to go on now

15 to a very brief update of wha t's going on in the world of

16 NASAP.

17 PROF. KERR: Proceed.

15 DR. KELBER: I'd like to introduce Ron Foulds, who

19 has principal responsibility in this area. We were very

20 disappcinted in, out understood the priorities, that causec

21 the money that had been se t aside f cr our very small

22 researc h ef f ort in :nis area to be diverted to su ppor t of

23 TMI-2. The la te s t word we ha v e is tnat the Congress nas

2- a skea tnat a sum of S125,000 be direc ted towards the s tuc y

25 of fuel cycle effects anc :nat wi .1 be handled oy NMSS. We

. ,..,r-
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kap 1 will not mount any research program in this area.

2 MR. FOULDS: Thank you. I'd like to begin by

3 pointing cut t ha t we've been engaged in some study and

^ 4 assistance on the NASAP and INFCE work f or over a period of

5 years. You may recall we've mentioned this to the ACRS one

6 or more times before -- and you may also recall that NRC is

7 participating in INFCE and NASAP mostly f rom a technical

S review s tand po in t. NASAP is the DOE program intitiated in

9 19 77 to asse ss non-prolif eration al ternative systems and

IC INFCE is the International Fuel Cycle Evaluation, which was

!! convened in Oc tober of '77 among 20-some nations which have

12 subsequently grown to about 53 countries.

13 The INFCE program was planned to pool the member

14 nations' tecnnical ca pabilities and develop some consensuses

( 15 cn neec f or improvement of physical resources and

to identification of the more prolif eration resistant f uel

17 cycles, all within two years. The final meeting of INFCE is

IS now scheduled for Fecruary of 1980. COE plans to complete a

19 repor; this year on NASAP system asse ssments and conclusions

20 tc ce presentec to the pr e siden t anc Congress in Decemoer.

21 The NRC has contricuted some to this COE effort.

22 You likely recall that tne INFCE crganization was developed

23 around eight cif f erent working groups as shown here.

24 (Slide.)

25 Also, cf course, there's a c ro sscu tting te c hnical

, , - , .
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gap I coordinating commi ttee. NRC nas participated in most of

2 these areas, these eight areas here, and our Office of

3 Advanced Reactor Safety Research is participating in working

J' 4 group eight. Some details of our effort in the NAS A? and
\

5 INFCE structures have been given to the ACRS in section

6 t hr ee o f the original and recentiy upcated re port by ARSR on

7 the status of advancea reac tor saf e ty research.

o ine INFCE working group eight has focused on three

9 areas.

10 (Slide.)

1: Once through reactor f uel cycles, and tho se are

'2 primarily LWRs, HWas and HTGRs, advanced reactor and fuel

13 cycle concepts, and those are again, primarily LWRs, but the

14 aavancec are stretched out fuel concepts, spectral shif t

(_ 15 control reactors, HWR again, and HTGRs. Aad then the third
.

16 section is research reactors.

17 The Uni ted States, Rumand s and South Korea have

15 co-c haire d this working group, with participation of more

19 than 2C other countries. The final re port f or tnis working

20 group is nearly complete.

21 Reports of otner working groups are also very f ar

22 along. ?cr e xample, we have heard that working group five's

23 r e po r t a ppa r e n tly predicts the installation o; some 50

24 breecer reactors in the world by the year 200C. In general,

25 nowever, since all IN.:0E reports are "for of ficial use only"

.o 3o
ed a ~ s :
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kap 1 and none are to be released until tne final reports are

2 publi s he d, the NRC is to limit its discussion of the INFCE

3 cetails.

4 Turning to the NAS AP ef f ort, it's been and
(

5 continues to be our intent to provide input to the DC2

6 process of assessing the alternative systems, primarily from

7 a saf ety and licensing standpoint. ARSR is working closely

6 with NRR on this eff ort. The schedule developed earlier

9 this year --

10 (Slide.)

is shown here. Now, due to not receiving all11 --

12 the inf ormation we had anticipated f rom DOE as early as

13 indicated on tnis schecule, plus a stretch-out of our

14 technical capability and re sources with Three Mile Island

(_ 15 and some other things, why, we provided our comments to DOE

16 in June, only one set of comments, whereas here it indica ted

17 that there would be two sets of comments. That's been

15 nego tiatec cut. We haven't received results back f rom them,

19 and I believe we won't be providing any more comments until

20 thei r f inal re po rt, which is now scheoules f or De cember of

d' \a\ 21 this year.

22

23

24

25

. - * i"* *
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_



CR 6337
#20

.
.

DAV/PV ! 248 '

1 The reactor systems to be investigated by DCE and NRC

h
2 ;! are shown en this slide.

3' (Slide.)

4 DOE provided to NRC what are called "PSEIGs," or pre-

5, liminary system and environmental documents. This sort of thing.
t
i

6 Seven volumes of these , plus additicnal volumes, supporting
,

7| materials. Each one of these discusses one of these main
; .

S reactor types.

9 On here, it indicates that LMF3R, for example, has

i

10 ' six variants. That's now been increased to 15. Some o f the

:

11 | others have been increased, too, in the number cf variants that
!

i

12 ; DOE would like to have set. '

i

(, 13 NRC is interested in providing cc=ments on these, but

14 it stretches our reccurces considerably,
t

15 The NRC cc=ments have drawn lalgely on available NRC
,

16 technical base as accumulated through our own technical exper-

17 tise, various technical assistance programs of NRR, and the

le research programs . Since we have already had significant pro-
|

19 grams under way in LWRs and LMF3Rs and HTGRs , the NRC could make
.f

20 l the most useful comments in these arcrs. Fcr the other three
i

1
21 ! concepts, EWR, LWE R -- that's the light water breeder reactor --

.

1,

22 ! and the GCFR, the NRC has less experience. Sc, we developed
i

23 , small research programs f or these concepts as shown here.

24 (glide,)
.,

4ce =een.; sewnm. inc.

25 The performance of these programs is censistent with

'
f i c- sn
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1 the congressional intent embodied in the budget legislation.
3

I

2 Most of it eas worked out with NRR personnel.

_ 3, We received a user request from the NRR on the first
i,

4| three of the four programs. The programs were designed spacifi-
|

1

5' cally to supply technical assistance to NRR and experimental
i

!

6 and to provide information for DOE PSEIGs. The programs were
:

7 canceled the first of June in order to make the funds available
.

$

6 for the Three Mile Island ef forts.

9 The program briefs for these efforts, though, are

i

10 , included in section 3 of our updated report to you.
.

i

11 The current efforts of NRC in all these alternative

12 systems, assessment areas -- that's NASA 2, INFCE, and some

(_ 13 | others -- are being summarized in a report now being prepared.
!

i

14 [ I heard a remor that you had a copy of the draf t. I am not sure
I

!

i

15 whether you do. But in any event, it's soon to be issued. And

16 ; they' re being summarized in than draf t, and that's a draft of

17 the submittal to the President and Congress that we are required

18 1
to c. rec. are . The authorizing levislation for the fiscal vear.

;

19lrequiresasemiannualreportingeachof1979 and 1980, and an
1
I

20 annual report in '81 and '82. So, this repcrt is the first of

21 ' what should be a series of six.
dm

22 (Slide.)

23 In summary, our current activities include participa-

24 tion in INFCE working group eight activities, ccamenting on
Ace +.e.r.i neoorters inc.

*C research needs involved in INFCE proposals , acniccring NAS A?--
i

.i
.,j-v .n
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1

1, activities, and contributing to comments on alternate system
1

2 proposals.

3
_

We've scratched the surface in designating the types
|'

4| of research programs that would be required, and I indicated
1

5 that to you a month ago. But what I would indicate here is

6; deferred are things that we could do or would expect to be
i

7i doing, and that's evaluating in some detail the research needs
i

3| ror specific proposals, scoping out tentative reactor safety
,

t

9 research programs, and then evaluating the anticipated cost of

10 these various needed safety research programs.

Il ' You may ask where all this is headed and what will

12 f come of all this. Hopefully, there will be some consensus in

( 13 ' the world on the use of nuclear energy in the future. INFCE, ;

i

la I by being completed by early 1980, may lay some groundwork for

IS
! new negotiations under the NPT -- that is , the nonproliferation

16 i treatv -- scheduled for review in the suring of '80. On the
;

-

17 ' other hand , there may be some po' "-4 ~' "g e f fect from INFCE.

m' 1 Last week, Nucleonics Week, for example, indicated the USSR,

19 the U.S., and France are still disagreeing over the need for

20 breeders. Likely both, however, those who are in favor and

21 h those who are opposed to br:eders will find facts in the INFCE
-,

reports to support their positions ."

d

23 j In conclusion, I would say that over at ARSR in the
1

24 j Willste Building, we remain prepared to carrf out the research
Ace-Neral Aeoorters, Inc. j

SC
technical assistance programs that we have designed for the"

:

.,r, ~ ~ a,
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1 ENR, LWBR, and GCFR concepts.
I

2' Do you have any questions?
,

,

3' PROF. KERR: Would you say that the INFCE and the
,

i

4! NASAP and ORNISAP programs have had any influence on the ARSR ,

i i

I

5| program up to date?
,

i

6 MR. FOULDS: In what way? I am not sure what you mean.
r

7; If you mean has it had an influence on the manpower or if you !

.

i f
I I

3 mean --

9, PROF. KE29- No. Presumably, these are studying pos-

10 ' sible fuel cycles in reactors of the future. The advanced

i

11 i reactor safety research is supposed to be aimed at reactors of !
,

{

12 | the future. One might assume that there would be scme rela-
!

13 | tionship between the two. I am asking: Is there? ;( ,

I

14 ' MR. FOULDS: I believe sc. Yes. Dr. Kelber wants
;

15 ' to make a cccment.,

i
,

16 DR. KEL3ER: There is a very modest amount of benefit
i

17 , from what I consider a sheer waste of taxpayers' money. One of

18 th a results of a NASAP-related study which probably would have

i

19 !, been generated anyhow is that if vou verv. carefully en.timi:e a. .

I
'u

20 / mixed exide core of the traditional design but consider larger
I
i

21 j pin diameters than we have in the past, you can project a system
0

22 doubling time of somewhere under 12 years. That's a valuable

i

23 1 thing to knew, because I had, f or example , along with a ncaber
a

24 , of others in France and the Soviet Union, long felt nha t the
Ace-Fecerai Reportars, Inc. i

25 , mixed exife system would not be a candidate for eventual economic

<y, n
Q .J nu s HJ

,
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1| use. If the use of the larger-si:ed pins appears to be feasible
i
i

2 9 cn the basis of pin burnup and safety, then I think that tais

3- system stands a verv. good chance, primarily because of the vast
_ .j

4, Imount of experience and therefore predilection among the
i
i

5 designers for the use of the exide pin. '

,

6 Tne alternative system for eventual economic use,

'

7j according to the best information I have from nhe Soviets, who
!

S have done the most thinking about this, is the metal fuel system,

9 and that, too, was evaluated in NAS AP studies . And, of course,

10 it continues to look good.

11 But you must remember that tlis is a field in which

12 rationality has had very little play, and I don' t know how that
_

13 will turn out. I think that what we will do, as supplies become(,
t

14 available, as our codes come on line, in particu'tr, SSC and

15 CCMMIX, is that we will start to take a look at the implications

16 , cf c.oing to a scmewhat larger pin, because these saf ety implica-
!,

17. tions may have a great deal -- the safety implications I would

18 be looking for are the t. es required for various system actions.

19 PROF. KERR: But at least for the time being, advancedi

J
i

20 reactors, to you, will continue to be liquid metal f ast breeder
1

21 reactors?

22 DR. KIL3ER: A gas-cooled fast reactor ha certain

23 ' attractive features, and it's still a conceivable competitor,

24 but the funfing isn't there. The practicality is not there.y
Ace-Merat Recor+ers, Inc. |

!

25 If you expect these reactor systems to penetrate the

!

., c ry "' - nt
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1 '. market commercially somewhere in the first or second decade of
!.
h

24 the next century, that means a large number of plants being
4
1

1); ordered per vear, cerhaps on the order of 10 or 20 per vear.
,

. . .

!

4, Then you have to get started cuilding the first demonstration
>
t

I

5' somewhere in the next few years, if you are to be in the race ;
,

6 at all.

t

7: The Administration has forecast decision dates seme-

3 where af ter the next election or after the election af ter that.
,

9' I think that's a convenient time. It's a little late. I doubt

10 that we will have sufficient resolution of major safety issues
i

11 to answer all these questions by the time the first demonstra-

12 tion plant does ccme in, if we are to stay seriously in the

s

qJ 13 race.

t

14 :| I must say that I await with some interest the state-
|

.

:

15 ments that will be made by the French designers who, right now,

<i

161 are in the forefront, concerning their trend. I would like to
i
,

t

17 i know how they feel about larger pins. I have seen no influence
i

1

18 i in the CA3RI program tcwards testing larger-siced diameter pins.

i

19 And I think their views :n this will be impcrtant. Se far,

20 | they have been content with designing what can only be described

i

21 as a verv. c.oed converter, Superphenix. It's probably the,

!

i

22 ' world's best converter, and may even actually breed some fuel

:: in the sweet hy-and-cy but ncbody really counts on it.

24 Sc, that's the real inflaence, is the consideration
Ace Foueret 9epuners, Inc.

H Of larger mixed exide pins. Iarbide, I think :.s falling into

,tv- 1
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,



pvi
--- - -

!, 254 '

I
I

1
!

1 disfavor except in isolated segments of the technology. Most
i

2h c.eo.cle do not seem to be looking verv. hard at carbide. Perhaps
p .
1

3 our own tests had something co do with that.
i

\>

4' PROF. KERR: Are there questions, comments?

5! (No response.)
i

6, PROF. KERR: Thank you.
t

7, Do you have any concluding remarks, Mr. Kelber, before

8 we go into executive session?
!

9' DR. KELSER: I shall be very brief.

10 i The three laboratory efforts discussed here today
,

11 relate to our entire program in the following sense:

12 As you know, our program is balanced between issues

13 |1 related to plant safety, and this is reflected very largely in

14 i the SSC and COMMIX codes , and the activities associated with
a

15 ; them. Those activities are the mainstay of that aspect of our

16 ' work. To some extent, the work at Argonne on fuel failure

17 mechanisms represents the bridge between that work and the work

13 we are doing on the core disruptive accidents.
t
l

19 ~ Nevertheless, the major focus of de work at Argonne
!

:i

20 I is not on what is the progression of fuel failure, but really
1

21 I is on defining the types of ramp rates and the relationship
,

1

22 j between the reactivity feedbacks and other core characteristics,
d

,

23 and the ramp rates that might be expected in a core 7.elt acci-
,

1

24 dent.
A,vAary Reponers, Inc. i

25 In this respect, -Se re f or e , tne major :P ;st of that_

<,e ?
i *.,s
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1

I' work is towards the core disruptive accident phase of our pro-
i
d

2 ;l gram. It ~is important work in the sense that it is an oppor-
,

i

3
_

tunity to make an extremely detailed and checked comparison
\

d cetween knowledgeable c. roue.s of the same eroblem.. ,

5 One immediate outcome is renewed emphasis on what we

6 c a ll the " F D- 2 " series of tests at Sandia. As you may recall,
. <

7| these are the tests in which short pellet of clad' irradiated

3 fuel is photographed as it melts down under a burst of irradia-

9, tion. We are now preparing a stage 2 capsule to handle a longer

10 pin and do a better job of photography. These experiments are

II almost ready, and we would hope that if you project a meet '.ng

12 for later this vear at Sandia that we would have some of those
I -

.

. 13 experiments under cur belt by that time,

i14 " A key question that was raised is the nature of the

I5 extension of the rib in the cladding in such f ailures , and these

u l tests should give accurate visual records of such cladding rib~

o
;

|extensionifit does occur. Naturally, of course, everybcdyl ''

i

I3 would like to do this on a full-length pin; that has to wait,

1C
'| for the future. But at least these tests should give us scme

20 j indication of hcw cladding does fail.
t

o

21 j There are other problems being analyzed by these
u

,"- c.roups. We had considerable discussion of c.an. conductivitv. .
i

23 We are net isclated in this work. This has been of some con-
!

, ' <
cern to the analysts reviewing the CA3R: program that's trying-

,

w ,$ aewnn. inc. ;
-e

te mare precictions :cr it. An c. as a result c:_ that, tnere n,as
. .. . _ .--

: < , - ~ .
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1, been a discussion of using a dynamic technique to measure the
i

l
I

2| conductivity of the gap. I do not know how well that will work
i
+

3 out. We can presumably discuss that at the next CABRI meeting ,
i

1

4I which is coming up October 3 and 4.
i

I

5' *he work on the ART prcgram at Oak Ridge is a major
i i

6' portion of the part of our program oriented towards containment
i

i7; problems. I believe we have made substantial advances in the
4

,

8, treatment of aerosol transoort through the containment. That
-

i,

9 program is winding down as we go through the text matrix.
,

10 | There is a new area of work that is very similar to
i

'

11 the area of work being considered now in the LWR program; namely,

12 ! what is the radiologic source associated with core melt itself..
i

{ 13 . And I do not as yet know what resources we will have to address

| '

14 Il that problem.
,

15 The major thrust of the programs that were not pre-
'

16 sented today -- namely, the programs at Los Alamos and Sandia --
,

l17 1 is in two carts. Sv far and awav, the greatest effort is to the
i

i

18 i analysis of the core disruptive accident and the associated
i

l

19 ' mechanisms of fuel f ailure and dispersal that play such a key

20 role in that accident. This includes some exteriments related

|
21 to the thermal hydraulic experiments that Brockhaven discussed

22 today.
t

23 We are also doing experiments on ablation and using

24 + some of the spec:.al techniques developed at Sandia in conjunc-
Acs e eral Aeoorters, inc, g

25 tion wi*i parts of *ie WeapCns program, because ablacion is an

9m ,
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I

ll important program.
i

2, The post-accident heat removal program at Sandia is anj

1

3 extensive program which has been delayed very much by budget
- i

,

4| cons traints . We have received very active expressions of inter-
!

5 est from ISPRA on behalf of the European community to enter into
,

.

I
i

6 a cocperative agreement with them. Scme draft memoranda of '

i
7 understandinc have been exchanged. There will be further dis-

'

! -

i

3| cussions later this month. And we hope that by early October

9 we can have an agreement in principle on fund-sharing. There

10 |; has been some expression of interest by the Japanese, and as
o
o

ll
.

their budget goes through the budget-approval process , we expect

12 that, too, will come to fruition.
;

1

13 So, that program which centers on the debris bed tests
i

14 ! looks like it may become multinational.
'

4

|

15 I think that puts what you have haard today in the

16 centext of our complete program, and I would like to conclude

17 my fermal remarks with that.

18 h PROF. KERR: Thank you, Charlie.
O
u

19 j Any further comments or qucitions?

I
20 a (No response.)

21 PROF. KERR: I declare the meeting not adjourned, but

22 we are gcing into executive sessien, which is still open but

23 a is not re';or de d .

24 (Whereupcn, at 3:25 p.., , the meeting was recessed,
Ace-. . eeee Georwrs, !nc1

23 cc go ir+c executive session.)
end 20 w J"J ^ ~ TO
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NRC AEROSOL RELEASE AND ,

.
TRANSPORT (ART)

.

OBJECTIVE
I

'

o PROVIDE DATA / VERIFIED METil0DOLOGY FOR RADIOLOGICAL

CONSEQUENCE ASSESSMENT
,I

SCOPE

o SOURCE TERM - RADIONUCLIDE RELEASE FROM PRIMARY SYSTEM

- CDA

- CORE MELT (" FUTURE")

o IRANSPORT - AEROSOL BEllAVIOR IN CONTAINMENT

- AEROSOL MODELLING / SEPARATE EFFECTS

- AEROSOL CODE VERIFICATION

.

(| '
C; .

?'i

ES
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NRC ART PROGRAM

STATUS / ACCOMPLISiiFNTS - SOURCE TERM ,

I
.

FAST FACILITY COMi'LETED FOR CDA BUBBLE SOURCE TERM (ORNL)o

VAPORIZAT I0tl- SilAKEDOWN / CALIBRATION TESTS - UO2
UNDER WATER

- INSTRUMENT GUALIFICATION TESTING
|

- QUANTITATIVE ASSESSMENT OF EXP. UNCERTAINTIES AND
KEY MODEL PilEf10MENA PRIOR 10 NA TESTS

INITI AL CDV SOURCE DIARACTERIZATION TESTS COMPLETED IN CRI-Illo
(ORNL, SANDIA)

!
'

- PRIMARY AEROSOL CllARACTER (ACPR VS, CDV SAME ENERGY LEVEL)

- TEMI'ERATURI. DIST. CllARACTERIZATION OF FAST FUEL PIN ,

,

e

e h

7
;., -
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NRC ART PROGRAM-

PLANS - SOURCE TERM

o COMPLETE FAST lESTS WITil WATER (79 /:80)

o COMPLETE CDV FUEL TEMP. CllARACTERIZATION (79 / 80) ,

,

o lEST ACOUSTIC SYSTEM FOR BUBBLE DIAGNOSTICS (80)
I

o INITIATE FAST TESTS WITil NA (80)
:

o CONTINilE SOURCE TERM MODEL IMPROVEMENTS

i

.

.

.

ii

'Q

9
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!!RC ART PROGRAM
'

STATUS / ACCOMPLISilMENTS - TRNISPORT
.

AEROSOL MODELLING / COI)ES (BCL)

TRNISPORT REFERENCE CODE (CRAB) USER MANUAL RELEASEDo

CRAB / llAARM-3 COMPARIS0N IN PROGRESSo ,

-

- TEST PARTICLE-SIZE DISTRIBUTION RESTRICTION IN
IIAARM-3

\

AEROSOL PROPERTY MEASUREMENTS (BCL)
i

o DYNAMIC SilAPE FACTOR

- 00 COMPLETED
2 '

MIXTURES IN PROGRESS-

NA - 002

.

%

B
~

w
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NRC ARl PROGRAF 1
' '

STATUS ACCOMPLISilffNTS - TRANSPORT |

AEROSOL CODE VERIFICATION
!

o ilAARM-3 VERIFICATION PROCEDURE RELEASED
FOR PEER REVIEW (BCL, ARSR) ;

AEROS01. TRANSPORT TEST (ORNL)
'

MINIMUM NSPP C0 AGGLOMERATION TEST MATRIX DEFINEDo

o 111 611 MASS RATE FUEL AEROSOL GENERATOR DEVELOPED :

0 - FUEL AEROSOL TESTo FIRST llIGil NASS CONC, NA2 x
COMPLETED j

o AEROSOL INSTRUMENT ERROR ASSESSMENT IN PROGRESS ;

(WITil CSNI EXPERT GROUP) !

'

-

,

(.' '
U.

'
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NRC ART PROGRAM .

|.
'

PLANS - TRANSPORT

o COMPLEIE IIAARM-3 / i.RAB SIZE-DlSTRIBUTION L7MPARISONS (80)'

I
'

o COMPLEIE AEROSOL PROPERTY MEASUREMENTS (ADD STEEL) (80)
i,

lo ASSESS CONTAINMENT MIXING, MULTIPLE SPECIES (80) i

o COMPLETE NSPP C0 AGGLOMERATION MATRIX (80)
|

'

o COMPLETE AEROSOL CODE VERiflCATION FOR CDA (81)
4

- U.S. DATA
'

- FORE.lGN DATA

I;-

u
'
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ART PROGRAM INTERFACES - FOREIGN ACTIVITIES

|
'

,

!'

o OECD - CSNI (8 COUNTRIES)
,

- STATE-0F-ART REPORT (10 / 79 PUBLIC.) |

- CRITICAL REV.'EW AEROSOL INSTRUMENTS !

"

o FRG

- AIR CLEANING EQUIPMENT

- SOURCE TERMS

- LARGE SODIUM FIRES (FAUNA)
:

o FRM.'CE ,

i
- IICDA BUBBLE (EXC0BULLE)

- IIAARM-3 SUPER PilENIX SAFETY REVIEW
**

- FULL-SCALE S01) LUM FIRES (ESMERALDA)

I

o UK !

'

- AEROSOL CODES
'

.

" COLLABORATION DETAILS UNDER DISCUSSION f.'; ,

<;
i

~~
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ACRS REPORTS - ART PROGRAM
'

\

o 1978 REPORT 10 CONGRESS (NUREG - Ofi96)

- ART PROGRAM CAN PROVIDE IMPORTANT INPUT TO DESIGN

OF FillEREI) / VENTED CONTAINMENT
i

- SUITABl.E PROGRAM TO BE CONTINUED Willi IlllS
OBJECTIVE IN MIND

,

- CAN PROVIDE DATA FOR ASSESSING FULL RANGE OF RELEASES

!'

1979 COMMENTS ON NRC RESEARCll BUDGETo

- WORK SEEMS WELL PLANNED AND IS FR0DUCING RESULTS

.
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ASPECTS OF INTERNATIONAL COOPERATIVE STUDIES

OF VALUE TO QUR PROGRAM

EXCHANGE OF IDEAS ON MODELING (E.G., PIN FAILURE) WHICH IS
.

VERY FRUITFUL WHEN ARISING OUT OF DETAILED COMPARISON CAL-

CULATIONS ESPECIALLY WITH THE EUROPEAN COUNTRIES WHICH HAVE

EXTENSIVE SAFETY EXPERIMENTAL PROGRAMS AND WHICH ARE IN THE

PROCESS OF BUILDING LMFER'S.

BROADENING OUR PERSPECTIVES ON REACTOR DESIGN WITH RESPECT.

TO SAFETY MODELING (E.G., BOTTOM FISSION GAS PLENUM AND ITS

EFFECT ON VOIDING, POOL-TYPE REACTORS, LOW SMEAR-DENSITY

FUEL PINS).

RECOGNITION OF DEGREE OF SENSITIVITY OF RESULTS TO VARIOUS.

PARAMETERS IN SAFETY CALCULATIONS (E.G., CLAD RIP EXTENSION(
DURING TRANSIENT, MODE OF PIN FAILURE).

EREATER UNDERSTANDING OF AREAS WHERE MODELING IMPROVEMENTS ARE.

NEEDED (E.G., DISASSEMBLY).

VERY OFTEN THE NEED FOR MODELING CERTAIN EFFECTS OR IMPROVING.

MODELING IS NOT VERY APPARENT UNTIL SOME KIND OF DETAILED

COMPARISON CALCULATIONS ARE DONE.

., ; oO s. j, k JO
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US/UK LOF

WITH (80%) AXIAL EXPANSION FEEDBACK AND WITHOUT (FEEDBACK-

WORTH ~-l$)

NO CLAD MOTION OCCURRED BEFORE FIN FAILURE-

NON-LOF-TOP v0IDING RAMP RATES LOW (10-153/SEC)-

ONLY VERY SMALL POTENTIAL FOR LOF-TOP CONDITIONS IN CASE-

WITH AXIAL EXPANSION FEEDBACK (~60% OF CORE VOIDED)

SIGNIFICANTLY GREATER POTENTIAL FOR LOF-TOP WITHOUT AXIAL-

( EXPANSION FEEDBACK

250 x NCMINAL POWER WITH uvPANSION FEEDBACK, 770 x WITHOUT-

(BOTH CASES WITHOUT LOF-TOP)

.q-- n
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US/UK LOF

PROBLEM: SHOULD A PARTICULAR SAS CHANNEL BE TREATED WITH-

A SLUMPY-TYPE MODEL OR AN EPIC-TYPE MODLL: IHIS IS CURRENTLY

THE ONLY CHOICE.

SAS4A AND FRAM WILL IMPROVE THIS SITUATION.-

EPIC PRESUMES ?IN-GEOMETRY AND STRUCTURE GENERALLY MAINTAINED.-

SLUMPY ASSUMES PIN STRUCTURE IS DL_ TROYED, FREE MOTION OF-

HOMOGENIZED FUEL AND CLAD AND ABSENCE OF SODIUM.

NOT SIMPLY VOID FRACTION BUT CLAD STRENGTH IS DETERMINING-

FACTOR, WHICH IS MAINLY DETERMINED BY VOIDING HISTORY.
L

POTENTIAL FOR LOF-TOP MUST BE DETERMINED ON A CHANNEL-BY--

CHANIEL BASIS.

CALCULATIONAL RESULTS ARE VERY SENeIf!VE TO FAILURE POSITION-

AND MODE OF FAILURE.

LARGE MODELING UNCERTAINTIES IN TREATING LCF-TCP PIN FAILURES-

IN PARTIALLY VOIDED CHANNELS.

-

g
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US/UK LOF

MELT FRACTION FAILURE CRITERION ASSUMED.-

LOF-TOP PINS REACH HIGH MELT FRACTIONS ON A VERY FAST TIME-

SCALE IN THESE CALCULATIONS.

THEREFORE IT WOULD SEEM THAT FISSION GAS WOULD STAY IN THE-

FUEL AT THE LOCATION OF RELEASE.-

IF NODE-BY-NODE PRESSURE CALCULATION IS USED, FAILURE WOULD-

STILL BE PREDICTED AT NODE OF HIGHEST MELT FRACTION IN LOF-TOP
PINS.

\- THIS IS DUE TO FISSION-GAS RELEASE AT FUEL MELTING IN A FAST-

TRANSIENT.

IHE ASSUMPTION IS MADE THAT FISSION GAS CONTAINED IN FUEL AT-

FUEL MELTING IS IMMEDIATELY AVAILABLE FOR FRESSURIZATION.

ALL THIS LENDS CREDIBILITY TO FAILURE AT N0DE OF HIGHEST FUEL'

MELT FRACTION, TYPICALLY AT 50% OF CORE HEIGHT, MAKING LOF-TOP

PIN FAILURES AT LEAST CREDIBLE.

, . . g - - e.
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US/UK LOF

IN SPITE OF 60% OF CORE HEIGHT FAILURE, NEUTRONIC ENERGY-

DEPOSITION NO MORE THAN NON LOF-TOP CASE IF FAILURE EXTENSION

ALLOWED AXIALLY ALONG THE PIN.

IF NO EXTENSION ALLOWED, NEUTRONIC ENERGY DEPOSITION CAN-

INCREASE SIGNIFICANTLY WITH A 60% OF CORE HEIGHT FAILURE.

LOF-TOP FAILURES INCREASE SODIUM VOIDING RAMP RATES TO-

~1005/SEC BUT FUEL MOTION VIA SWEEPOUT CAN CAUSE NEGATIVE

. FUEL REACTIVITY RAMP RATES OF SEVERAL HUNDRED 5/SEC IN THE
k- ABSENCE OF FUEL MOTION TOWARD CENTER OF CORE IN THE CASES

WHERE AXIAL EXENSION OF FAILURE OCCURS.

HOWEVER, CALCULATION OF SWEEP 0UT IN EPIC DOESN'T TAKE-

INTO ACCOUNT PLATE 0UT AND PLUGGING. THIS IS A FUTURE

MODELING EFFORT.

RESULTS OF US LOF-TOP CALCULATION QUITE DIFFERENT THAN-

THAT OF UK SINCE UK DOESN'T CALCULATE FUEL MOTION REACTIVITY

FEEDBACK AFTER PIN FAILURE.

,

. . , -m
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US/UK TOP

3d/SEC RAMP-

FIRST PIN FAILURE AT ~85 SEC, ~5 SEC AFTER BOILING INITIATION-

30% MELT FRACTION TOP OF CORE, 70% MAX-

PIN FAILS AT TOP CF CORE, FRESSURE AVERAGED OVER CORE-

-0.505 REACTIVITY EV-N AFTER EXPULSION OF LOWER SLUG-

REENTRY OF SODIUM COULD ONLY INCREASE NEGATIVE REACTIVITY- -

FURTHER PIN FAILURES CAUSED BY FURTHER ROD WITHDRAWAL-

WOULD LEAD TO MORE NEGATIVE REACTIVITY

UK CALCULATION PREDICTS PROMPT BURST IN SPITE OF TOP OF-

CORE FAILURE BECAUSE OF NO FUEL MOTION FEEDBACK IN FRAX AND

POSITIVE FEEDBACK FROM SODIUM VO. DING

.,.s,...,
'G e ,VW ep 6
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ONE-PIN BOILING AND CLAD MOTION RESULTS

NO CLAD MOTION OCCURRED IN OUR WHOLE-CORE LOF CALCULATIONS.-

ALTHOUGH THERE WAS ONLY $3.3 SODIUM VOIDING REACIVITY AVAILABLE,

COHERENCE IN POWER AND IN POWER / FLOW PRODUCED LARGE POWER
RISE IN 2.0 SEC AFTER SOILING, NOT ENOUGH TIME FOR CLAD MOTION.

AUXILIARY ONE-PIN CALCULATIONS INDICATE THAT CLAD MOTION'

WOULD HAVE STARTED IN 0.5 SEC IF THE POWER HAD LEVELED OFF AT

ABOUT 6 TIMES NORMAL.

, THESE CALCULATIONS ALSO INDICATE THAT BOILING AND CLAD MQTION'

k-- TIMES ARE NOT VERY SENSITIVE TO DIFFERENT ASSUMPTIONS FOR GAP

CONDUCTANCE HELD CONSTANT OVER THE TRANSIENT.

e,- .

L,;u s ., s :- .

[



. -.

FUEL PIN FAILURE CALCULATIONS -

FISSION GAS

FAILURE FROM FISSION GAS PRESSURE ONLY MECHANISTIC MODEL-

CURRENTLY AVAILABLE IN SAS/ EPIC. THIS MECHANISM ALSO

RESPONSIBLE FOR FAILURE IN FRAX (UK) TOP CALCULATIONS.

UNIFORM AXIAL PRESSURIZATICN ASSUMED IN BOTH CASES FOR-

3t/SEC TOP. LEADS TO FAILURE AT CORE TOP WHERE CLAD IS
WEAKEST.

INCONSISTENCIES BETWEEN US AND UK IN STEADY-STATE GAS'

RETENTION, TRANSIENT GAS RELEASE, TRANSIENT RELEASE TO

PLENUM, CESIUM PRESSURE. OVERALL PRESSURE AT GIVEN FUEL

MELT FRACTION NOT TOO DIFFERENT. DETAILED COMPARISON

STILL UNDER WAY.

(a
DIFFERENTIAL EXPANSION

ADDITIONAL STUDIES WERE MADE OF POSSIBLE PIN FAILURE BY-

SOLID FUEL EXPANSICN LOADING CLAD.

IHIS MODE OF FAILURE HAD POTENTIAL FOR AXIAL CENTER-LINE-

FAILURE BECAUSE THE GAP MAY BE SMALLEST THERE. HOWEvER,

MOLTEN FUEL EJECTION MAY NOT OCCUR IMMEDIATELY BECAUSE

:UEL MELT FRACTION TENDS TO BE LOW IN FAILURE OF THIS TYPE.

THIS TYPE OF INITIAL FAILURE MAY NOT EXTEND DURING THE-

TRANSIENT BECAUSE THE MODES OF INITIAL AND SUBSEQUENT

FAILURES ARE DIFFERENT.

v? *. |i T ?-
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DESIRED IMPROVEMENTS IN OUR PIN FAILURE MODELING

._

MODEL LOADING OF CLAD BY SOLID FUEL EXPANSION.-

IMPROVEMENT OF TRANSIENT FISSION GAS RELEASE CALCULATION FROM*

BOTH SOLID AND MOLTEN FUEL. MOVEMENT OF FISSION GAS IN PIN

AFTER RELEASE.

NEED BETTER DATA ON IRRADIATED CLAD PROPERTIES. LACK OF DATA*

CN NEW LOW-SWELLING ALLOYS WILL BE A PROBLEM.

NEED 3ETTER ESTIMATES OF INITIAL GAP SIZES - FAILURE BY MECHANICA..-

LOADING VERY SENSITIVE TO THIS.

.
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WAC - ROUND 1
1

LOF

125/SEC VOIDING RAMP AT DISASSEMBLY'

NO CLAD MOTION OR F'JEL EvPANSION'

NO LOF-TOP ALLOWED FOR BOILING CHANNELS-

MILD CISASSEMBLY CONDITIONS-

CUITE SIMILAR RESULTS FRCM ALL PARTICIPANTS-

L

- O ','C '7; <

/D



- _ . - - - --.--. -- -.
- --

WAC - ROUND 1

TOP

15/SEC-

12 GM FUEL IN CHANNEL - CHO-WRIGHT, HEAT TRANSFER-

MANY MODELING LIMITATIONS IMPOSED BECAUSE OF GROUND-

RULES OF STUDY WHICH LEAD TO CONDITIONS VERY DIFFERENT

FROM OUR "BEST ESTIMATE" 0F THIS CALCULATION.

NO FUEL REACTIVITY FEEDBACK BEFORE DISASSEMBLY-

FUEL IN MOTION AT DISASSEMBLY SWITCHOVER POINT CON--

5TRASTING WITH OTHER CALCULATIONS, AND GIVING IMMEDIATE

NEGATIVE REACTIVITYq

CONTINUOUS CALCULATION OF NA VOID BEYOND SWITCHOVER-

PRESENT EPIC MODELING UNABLE TO CONTINUE THROUGH DISASSEMBLY-

SAS3D/ EPIC MODELS DISASSEMBLY CONDITIONS QUITE DIFFERENTLY-

THAN OTHER 2-D CODES

SAS3D/ EPIC DOESN'T CALCULATE SINGLE-PHASE PRESSURES LIKE-

THE OTHER CODES

kj]278

c
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WAC - ROUND 2

10t/SEC TOP-

30C CORE, 2 3.U. STAGES-

NO RESTRICTIONS ON MODELING AS IN ROUND 1-

FUEL RESTRUCTURING DATA WILL BE PROVIDED BY SAS3D AND WILL-

BE CONFORMED TO BY ALL PARTICIPANTS

EPIC'S CALCULATION OF FCI CONDITIONS AFTER FAILURE MAY GIVE-

OTHER CODES VALUES FOR THEIR FCI PARAMETERS

k
AT PRESENT CONDITIONC ARE BEING COMPARED FOR ALL CODES AT-

60% .:UEL MELT FRACTION, 60% OF CORE HEIGHT

'
u, .+. L'.? O
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MODELING NEEDS OF SAS3D/ EPIC

EETTER MECHANIST;C MODELING OF CLAD FAILURE-

IN ADEOUATE TREATi4ENT OF EJECTION OF FISSION GAS WHEN CL AD-

IS WEAK AND THFRE IS LITTLE OR NO MOLTEN FUEL

INADECUATE TREATMENT OF MELT-THROUGH TYPE FAILURES IN PRE--

SENCE OF SODIUM (IN THE CASES OF PRE-FAILURE EJECTION OF

FISSION GAS OR FRESH FUEL FAILURE)

NEED FOR THERMAL EXPANSION OF FUEL AND CLAD AFTER-

FAILURE (SIGNIFICANT FOR PRESSURE CALCULATION)

NEED FUEL CONDUCTION (FOR SLOW TRANSIENTS) AND CLAD TEM--

PERATURE CALCULATION (FOR CLAD FAILURE EXTENSION AND

DISASEMBLY)

NEED CALCULATION OF PLATE 0UT AND PLUGGING-

CODE IS INADEGUATE FOR LONG TRANSIENTS WHERE PIN GEOMETRY-

I3 LOST

IMPROVED TREATMENT NEEDED OF LATER STAGES OF A RAPID-

TRANSIENT (DISASSEMELY CONDITIONS) TO THE POINT OF

NEUTRONIC SHUTDOWN

.o
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DISASSEMBLY WITH SAS3D/ EPIC

.

ASSUMPTICN THAT ONE-DIMENSIONAL TREATMENT IS ADEOUATE-

CLAD: CAN IT RESTRAIN FUEL, INSULATING IT FROM SODIUM?-

WHEN AND HOW DOES THE CLAD FAIL?

HOW DOES A CLAD FAILURE EXTEND ITSELF AND HOW RAPIDLY?

WHAT EFFECTS WILL PREVAIL AND WHAT CAN BE DISC 0JNTED

BECAUSE OF VERY SHORT TIME SCALE?

SODIUM: COULD IT POSSIBLY BE PRESSURIZED IN A LOW VOID-

FRACTION CHANNEL AND BE EXPELLED RAPIDLY?

WHAT IS POTENTIAL FOR FCI EVEN ON A SHORT TIME

{* SCALE?

WHAT IS POTENTIAL FOR EFFICIENT MIXING FROM THE

POINT OF VIEW OF WORK ENERGY EVEN AFTER NEUT-

RONIC SHUTDOWN?

FUEL: WHAT IS THE E.:FECT OF FUEL MOTION !N THE CHANNEL?-

HOW DOES FUEL MOVE IN THE PIN UNDER FUEL VAPOR,

FISSION GAS OR FILL GAS PRESSURE?

THERMAL EXPANSION VERY I'PORTANT NOT ONLY FOR

PRESSURE CALCULATION BUT FCR DIRECT LCADING OF CLAC.

THIS TREATMENT VERY DIFFERENT FROM CURRENT TWC-CODE METHODS.-

LUSC35.
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COMMIX AND BODYFIT .

COMPONENT COMPUTER PROGRAMS

,-
t

CONTRIBUTORS

B. C. CHEN, M. J. CHEN, H. M. DOMANUS, j. KRAZINSKI,

C . C . M I A O , ' .' . T. SHA AND \/ . L. SsAH

PRESENTED EY

WILLIAM T. SHA

ANALYTICAL MODELLING SECTION

COMPONENTS IECHNOLOGY DIVISION

ARGONNE NATIONAL LAsORATORY
'

AT

ACRS MEETING CN August 7, 1979

AT

WASHINGTON, D.C.
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OBJECTIVES:
-

1

TO DEVELOP 3-D, TPMSIENT CODES FOR RIGCROUS T:ERMAL-o

HYDPAULIC ANALYSIS OF REACTOR COMPONENTS UNDER

NORMAL AND OFF-NORMAL OPERATING C0ilDIT10ils WITH

EMPHASIS ON THE NATUPAL CIRCULATION MODE.

o TO COMPLEMENT THE SSC CODE

'

<
.
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COMMIX CODt

''
o COMMIX-1: THREE-DIMENSIONAL, TRANSIENT, SINGLE-PHASE

COMPRESSIBLE FLOW WITH HEAT TRANSFER

e COMMIX-2: THREE DIMENSI0t1AL, TRANSIENT, IWO-FLUID MODEL

(LIQUID AND VAPOR) WITH N0ti-EQUILIBRIUM

TEMPERATURES AND INHOMOGENEOUS VELOCITIES

e FORMULATION:

POROUS MEDIUM APPROACH - VOLUME POROSITY,

SURFACE PERMEABILITY AND DISTRIBUTED

RESISTANCE AND HEAT SOURCE

o NUMERICAL TECHNIQUE:

' STAGGERED MESH

IMPLICIT MULTIFLUID (IMF) SCHEME WITH
_ _ _

REBALANCING TECHNIQUE

e APPLICATI0ilS:
.

CONTINUUM: REACTOR I!iLET AND OUTLET

PLENUM, PI?ING, ,,,.

QUASI.-CONTINUUM: FUEL ASSEMELY, IHX,

STEAM GENERATOR, ....

ud5;Sc
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.



__ _ _ _ __ _

.

'

.

BODYFIT CODE

( -

a BODYFIT-1: THREE-DIMENSIONAL, TRANSIENT, SINGLE-PHASE

COMPRESSIBLE FLOW WITH HEAT TRANSFER

e BODYFIT-2: THREE-DIMENSIONAL, TRANSIENT, TWO-FLUID

MODEL (LIQUID AND VAPOR) WITH NON-EQUILIBRIUM

TEMPERATURES AND INHOMOGENEOUS VELOCITIES

e FORMULATION: BOUNDARY FITTE: COORDINATE 1RANSFORMATION

APPROACH

t
e NUMERICAL TECHNICUE:

MODIFIED STAGGERED MESH

IMPLICITY MULTIFLUID (IMF) SCHEME WITH
_ _ _

REBALANCING TECHNIQUE

o APPLICATIONS:

CONTINUUM: FUEL ASSEMBLY AS MULTIPLY

CONNECTED REGION

is.K:Ea
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FUEL ASSEMBLY MODELLING

HELICAL WIRE WRAP AND GRID SPACERSe

o FORCES

o THERMAL

o FUEL ROD THERMAL MODEL

o DUCT WALL THERMAL MODEL

L
e FILLER WIRE TiiERMAL MODEL

o GAMMA HEATING

o ONE EQUATION TUR3ULENCE MODEL

m e.; i
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NUMERICAL RESULTS OF COMMIX-1

.
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FUEL ASSEMBLY SIMULATIONS

o SLSF P2 LOPI TRANSIENT (FAsi TRANSIENT)

o SLSF P2':!ATURAL CIRCl|LATI0f! TPAt!SIE!!T

o GEPJWi FLOW RUNDOWN TPANSIENT It! 7-PIM BUtiDLE (SLOW TRANSIENT)

o W1 LOPI PRETEST PREDICTION

t

.
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O

P2 LOSS OF PIPING INTEGRITY TPANSIENT IN 19 PIN BUNDLE

INITIAL POWER = 730 KW

INITIAL COOLANT VELOCITY = 6.4 M/SEC.

C
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TWO PHASE FLOW Irl A VERT! CAL DUCT WITH UtilF0FJi HEAT FLUX
.

GEOMETRY: 0.1 M x 0.1 v, x 0.9 M LONG SCUARE DUCT

INLET IEMP: 99.75 C

INLET PasssuaE: 1 ATM

INLET VELOCITY: 1 M/S
4 2SURFACE HEAT FLUX = 5.375 x 10 W/M

FLuin = H O2
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COORDINATE TRANSFORMATIONc

0 COMPLICATED ROD-BUNDLE CONFIGURATION IRANSFORMS

TO RECTANGULAR OR CYLINDRICAL COORDINATES WITH

UNIFORM SESH

0 INTERNAL AND EXTERNAL EOUNDARIES 3ECOME

COINCIDENT WITH COORDINATE LINES
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HEAT Flux tASE

o HEXAGCNAL Duct w.TH 7 FUEL PINS

ISOTHERMAL CA iE

HEAT Flux GSE

C

._o:cua

: .f/
.>



. . . . _ - _ _ . - - . .. - . . . . . ... .

7

h)W^@a
os,<

/ )

/ ,/.

|
'

s

-
-

2 ,Ai

'+ BRANCH CUT

COORDINATE LINES FOR THE CONCENTRIC RING

BEFORE THE TRA.k!SFORMATION

I

.i 1.

b. A | | | | [
l l l I I l i l

I !l I I Il i I I

I I I '' ,' I I I I
l | I I l I l ! ! l I

I i l I l l | I l i | | |

I | | | | | I | | | |
'

| | } l I i l | 1 | |

1 lI I I I II i lIj
A,

2 Ai

!

COORDINATE LINES FOR THE CONCEtiTRIC RING

AFTER lHE TRANSFORMATION

a||G:.ci

[L-



- .- -

.

.

2.0 . . . . . . .

1.8 . .

~

1.6 .
.

,

1.4 .
. .

W
r 1.2 -

.

_y* in
1.0 -

0.8 -
-

0. 6 . .
.

ANALYTICAL
0.4 -

-

0.2 .
PREDICTED

,

0.0 , . . . . . -

0.5 0.6 0.7 0.8 0.9 1.0
.

r/R.
2.0g . . . . . . . .

.
. .

.

1.8 .
.

. -

. .

1.6 .
.

W
C

W ' '
- - - - -__ .

.

in

1.4 - ,/,- .

< -

<
~ e' ANALYTICAL -

/
'1.2 - ____.__. PREDICTED .

.

1. 0. , . , , , , , , ,

0.0 0.01 0.02
. <> :-

7g,,,9, va ~~ a

RADIAL AND CENTER LINE VELOCITIES FOR

T:iE CONCENTRIC DU4GS MITH THE ASPECT DATICS OF 0.5 [7



. .-.

.

A B
_

| |1
- '

|

| | |

|

|

| | | | | |

| | || '

D I I
'

C
,

COORDINATE LINES FOR THE P.ECTANGULAR DUCT

BEFORE THE TRANSFDPfiATION

.

C
.A ' B

| ; ; j ;

| | | | | |

| | | | l

| I l | |

| | | | | |

| | | | |

| | | | | 1

i | !I l I I

I I | | | i

D C
*

CCORDI.9 ATE LINES FOR THE RECTANGULAR DUCT

AFTER THE TRAMSFOPf4ATICi'

v:.CO2G

S?
W*



c., .--- - . . .

_ _ _ _ _ _ _ _ _ _ _ _, ,

,- . .

_ _

, . . . . . . . -
*

1.9 _ , . . . -r
-

. ,.

.-
-

- .

fW ' -

c 1.7p
_

W:n-
- , .

.

I

1.5 .
ANALYTICAL"

,

PREDIClED ca/b = 1)i _ _ _ . - -

= ..I ,

PRcDICTED (a/b = 5).........-

.

1.1 - , , , .

0.0 0.05 0.1

2/De/Re-

2.1 q-. . . . . . ., .

t y. .

..

1.9
.

.

. -..

,

*

, _ _ . . . . . . . . . . . . . .
- - -- - -

'

1.7 . . . -
- ..

yc j .-
.

.

. *

Wni
1.s ANALYTICAL'

. ./ -

-.--- PREDICTED (a/b -
s ).1

'
..

-,

1,3 . PREDICTED Ca/b = .25)-

,

.

.

. . . . , . .),) , ,

0.0 0.05 0.1

2/De/Re v.:.4,' * C'2
,

C ~'l4 i C' ~I.'L . ;11 'V '. L v b :i i i', r- v rJ N ,E L i ?' ?' 0 6C "' ~ I .

' ' ' ~ - -- o-' s.9

SP..!. !I.T. 3 DC VA O ! O_'R .A..R. O C [T.C,.m^T[0C
, fisi iis s ._ . .



-

3 n".,

if|-
_ ..

$*.?5$$$I!hff'?.fhY~$$h,
'

k' ~{~t 0' b
Q'\ ..

,

~

1_[ -
^

-

)

Q)Q

_

) t. 3I
'd i

z2k'?,'b'$inx&,:''(5h[,% )N}QN' ik<
.

j .s ~<-

. Ds _i
yis/s/% r .\~m ,fIs

,x,c o o'- v :x,y'\s-fr -

, Is

--ffi C ||
~

J. -
~

/

#u)~
-- ~

% :A6'. / 7~\ ).Jco.>,pi .v ' 'i i,gyY5c'?dy,s:6''.'5. ~ ~ $n
.

|h\f'.iOg~,ixh5kf
-

%,y,hf'
'

'6 '
''

)\- /

gO
t,

p
2 s / /'

S's s / IJ3
/

-rihi N /Ii-
-

3)'Q,C.
:( G.w--;~ A ../.

r-|'t
mqL %q ,|4 H ipa @v=.-)',/? 'pt. y_

CA/u

./4- BPRICH CUT
4

.
-

*

Radius = 3.3 an.

Gap between pins = 1.9 mn .

Flat to flat = 22 =n
, Y = 2.15 m/sm

4- Re = 3.373 x.10
.

PRYSICAL DIMENSIONS A:;D PHYSICAL PLANE
A

A'
' t..

' '
,

t 1 '
I r

.

;- _ _ . _ . - _-
__

-

1
-

|
2

|t

t I

t TRANSFORMED DLANE ggig
'?O
w-



( f1EASURlliG PUAE "$lii.1 ht' '$ltY IlliSill.TS'

.EAS.: ,42*CO& rato.: 727

0 G:0GRID 700
HEASURING PLANE N - 1055

74
1000 - -

1000 FIAS.: 723 C

li 0%
'

f pn\ .:- 9007c g,. cgs,

850
_

- la As. 720 C

@ h =(sg800
- - E00 Sgo reto. 711

h ''"
700 -- - 700 - - 700

IM A2. 714 C
FELD.: 721

600 -- - h_.

580 - .- 'l
- 600 \ f.t As . : 735 C* QQ g sto,, 7y,

500 ' 500 - - 500
"'

OQO500 m mC

0&" " " " = ' "
fOD *-I00 - - it00i t ,

ff) . .
' ' .

300 - U -

300 11E AS. : 65FC
E h- 6- UED.: (A9250 -

r2 . IAS.- 650 Cl'-

200 - - 200
O GM- r " " ">'400

T lie AS . %5C3

O e-)100 -- - 100 e"t o : ""

'

-- -- 5- y~
0 - - 0 '

O G ?
ntAs.: 620 c

^J esta.: c2s
-100 t <. - -80 en

fus. : 650*C

OQ.~)O OD~ rgog.4,g.cg.250
110 DEL P!!YSICAL

esto. <3e

COMPARIS0tl BETWEEf1 fiEASilREMLilIS
!z* PilYSICAL MODEllilG

A!ID PREDICT 10ilS
n

-
,

%

\.



A

(Pn
O

.

O
O
CO

|
; <

, 9% ". .^.f.
. . . = _ - - -' . H~ o^ c-_ _ .

( Qg-- . g- e, r,_ g ':>. . < -. -

..i., W~ 5 . ,,. 7
,%

" '

' t,-
.,

<
~~ x , _

-= .1 -m y. c.,

~ .p c .S. ;, _-

y' s
~ . .

_
f .; <, _ y- - --.,

Qag , ,

^_$~ rf,3Q -- -wd % Wf ,v m

en-- .(,
-w ,es v.,fs.'

,. f 6 fy. b

k'

u n x. >.
-

f ^
_v -

p ,
A

M --.n' _._ _ '#y ,
- - - - ,y . .s c-

, . - M '

,y ,
r - p *y * - /.,a

,a

**
~,.; _

&w . . .< - .e Pfy'f
-

-d -

'
,,

y y& . f 2 d D & y-:g,4; f=~ g<~ ' '__ n c',J' ...\ d
r -

"
..

.-
-c cm. . : < = = m ,

; ,q;;:; , ,.9 a
- y _- . .. . / .- a-

~ W .*. >( - - .'' s

.x_ _ye m.,y;f'
,

;c --

a

c4~-?/;
sg -

c -. u - - ~; s c-

--

/. W w< .c y '- m <
y -r

- M T.,S /
.

.e,- , ,, 2_
. ~.. -

_

@
O

@
qq y,"A\SK \Y.

h 1',.\o>y c. nu u '_'. <

.a, %

/ e'



a.-- en h

,m

9

l

I

C

O
M
C
1
U
<
Cn
2"'
O
-

f A ;- f f' i : :_ my -. ; ., <,

g .-
, . . '

., *. -y.- - * *e.,

.
, - %. g

@ % N

. < . , . .. x
I e- . < ' ' W *. * , -

'

.

I
a Y+- - .s ... . N K.. . s -

c=
>-
&
-

( A f .$ &
.; <> y <

. .d. a,._ .* ._ .%- <- *.
W. % % " %,J, e

* *,

.s;

.,
-

*s }* *JG - c, . *
. , .. %_ >-

Q_. -
. ., . <- ..

'

u - s.' s . -
_

. . . *
,,

<
-

X
<

.

e

#) ' r #g M

.' N a .w
.

%. N

D
%

M



toe

G

e

O

O

a

O

M
M
C
&
W

- <
,
de 4%. . %== . %

'

.% - .( .a' ;--- . M'

=
C- .

*
-

..

=e -g- g- . s,-.. mx g_ g .x . s. . .s
, , -

H-
M

4~= < M < < X n 2
-
&
-

Q%, ' f[m ' ' gf. ' '( - g ' 'f
' '/ - -- <

L' J
>
J
<
-

.

<'

i

g - ~ , r)
NJN.f a.); Ls s *a s' J

. ,/



%=o

$

,

O

r

i
"

Ash., h-
_..-

A

.

E_A fh"# b t' hs;
-

x.
. - ~ ." _,,.

b; ,,k~g^- ~ :s<Mc
.

4 ~

-f 'N[ S;c
' '

' g[
~ ' . ',,i 5 =y , s-M

, ':a', ,y -
(

N h <~h b,

,-:'Q zes
"

r$' '

-
dergq m g p- w wa -

+|dgs cmg '. <[ .w.e-p ' <k4 -,
. me 3%' .A . .c~,.,.r- ,

u,
^ -

_ '',, =

4~4. s ;?.
=_

-|.g~e,z -.
-

<ge xy'

:: &
.- y, ,. . Qy--

4 ,,r._ ' #f, #
C~~,(%~-. ',',.QWf 'O7~', ^-

~

.

y-

al''.9. . mgf%""h>h 1 -._ _ 3
y

__

w
- .@_ c"WWr .a.

" d' x ,' G9,
-

4 ' . ' . ' y
7. A Qu .3 _w, ''

'

w
c

2
. g. <. - C,e . w

&
*

*,

M
PA
A%A\ \YN gA

< . ~ c, ay
~ _.N .- .; n~ML

/
'; s<



d

O

i
=
W

-- -A

C ,c
- .- - _

%y
_,,." .n

=. - e
? C 2 & 3

8>
.

* ^a C<w S s.

d< ,'.e -f.,- WW Ah e9*- =h -

en [Wh (4 .-.~ . Ds. *,. 5- ? m~ |D ||
. _-=-

4} W - W- P. . ..y.
C
-
ese

{ - e.. .
.g. ., .

. . =
= -

._ -- =,
. .-

e3 H, o.;
.

; .
4- o. s-

.s
. . .,--.

- "-
- i.4 + - -# '-*W ==

'm *t-
C,/

f -_ 7. E. ,

q4 . , - *

'N
*

.
,

$

&
-

_

=
W

=

-7-
%

&

,

e

f g #j ~ ,

'. A s e . Jvs - . ,
.

O

'

-

W



.

.

u
L)

- m
M

{(e
- _

-
-

-
-

.Q .
Q 1, " . .t,- 4=I . .44: . . 14 g

=
. 4)

<

. (J --.,
. .. .g. . 9 ..g. =

O
4 . 4,c:= . 4. 4 4-.<p

4 4 +
=
ca
-

( .(
. . .g. .g. .g . e

.p. W. .45 4 &' w
- .% x. -

J

t'* - (* . - (- . M' -Q* 'Q' Q* 5

s - .
.

.

_

_ =
-

=_ J
F_
E

:J*

&

.

E

q 1*'% f 'y '' *

,

N, ' .O AY%* '



.

AVAILABILITY OF COMMIX-1

e f4RC APPROVED .

e TAPE set!T TO

D UK AF_A (ENGLAt1D)

2) ATOMICS INTERf1ATIONAL

3) WARD

4) GE

5) MIT

6) BABC0CK & WILCOXq.

7) BR00KHAVEll NATIONAL LABORATORY

8) GENERAL ATOMICS

9) ISPRA (ITALY)

10) UNIVERSITY OF ARIZONA

11) FOSTER WHEELER
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S.)IN-OFF 3ENEFITS FROM NRC SPONSORED

COMMIX CODE DEVELOPMENT WORK

DOE SPONSORED PROGRAMS:

I. LMFBR IHX APPLICATIONS:

COMMIX-IHX CODE

II. UiFBR STEAM GENERATOR APPLICATIONS:

COMMIX-SG CODE

III. SOLAR APPLICATIONS:

COMMIX-SA CODE (THERM 0 CLINE STORAGE TANK)
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e .

TODAY'S DRESEN~ATIOU

e OVERVIEW

o SCCPE

e RESULTS

L
e PROGRAM SUMMARY
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3NL FAST REACTOR SAFETY EXPERIMENTS
.

e OBJECTIVE

- INVESTIGATE THERMAL HYDRAULIC PHENOMENA 0F IMPCRTANCE

IN FAST 3REEDER REACTOR SAFETY ANALYSIS

- DEVELOP DATA 3ASE FCR CODE EVALUATION

e METHODOLOGY

\.

- HCDA PHENOMENA IDENTIFICATION

- ANALYTICAL MODELING

- 3CALING ANALYSIS

- EXPERIMENTAL SIMutATICN

- PREDICTION

t.a.. : -: n-
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SC0lLDEBHLlR0 GRAMS

SIMULAIl0N_ EXPERIMENT. ACGDENLPilASE ISS!1E

e CORE DISPERSION TRANSITI0ff PilASE IlECRITICALITYJ FUEL COMPACT 10!1)
STEEL VAPOR OISPERS10fl

e MULTIPHASE FUEL RELOCAT!GN IRAtlSITIOil PilASE RECRITICALITYJ REACTIVITY LOSS;
AflD FREEZING DYllAMICS BOTTLED POOL

e llEAT TRANSFER IN INTERNALLY PA!!R STRUCTURE C00 LABILITY; IMPACT
|lEATED l}0ILING POOLS iRAtlSITION PHASE Oil DISPERSI0ft

e llCDA Ef1ERGETICS: ENTR Al ti- POST-DISASSEMBLY SODIUM NORKillG PLUID POTENTI AL
MENT llY [AYLOR INST Alll L I TY BUI3BLY EXPANSlotl

e IRArlSITiori PilASE ASSESSMEllT IDEt1TIFICAT10N OF KEY SAFETY
ISSUES

c, ..
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CORE DISPERSION IN'.'ES IG ATIONS

e PURPOSE

- CHARACTERIZE PLOW DYNAMICS OF Fust-STEEL

3 OILING POOLS

- EVALUATE [MPACT ON IRANSITION PHASE

RECRITICALITY POTENTIAL

e METHODOLOGY

( - MCDEL FLOW DYNAMICS WITH PROTOTYPIC SIMULANT

FLUID SYSTEMS

- MODEL VOLUME-HEATED DISPERSION WITH SIMULANT

FLUIDS AND HEAT SOURCES

BRCCOMEN NAT:CNAL LAECRATCRY])[]]
ASICC!ATED UNIVE.R5iTES, !NC. (1 il 1
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DISPERSION- TASKS AND OBJECTIVES

o HYDRODYNAMIC DISPERSION

- TASKS

VotuME DISTRIsuTED GAS INJECTION

PRELIMINARY FEASIBILITY IESTS

- OBJECTIVES

Ftow REGIME TRANSITIONS AND MULTIPHASE

Flow DYNAMICS IN PROTOTYPIC FLUID SYSTEMS

S DISPERSION IN INTERNALf_Y HEATED BOILING pools

- IASKS

b ELECTRICALLY HEATED DISPERSION IESTS (COMPLETE)

MICROWAVE HEATED HIeH power DISPERSION TESTS

- OBJECTIVES

Flow REGIME TRANSITIONS AND MULTIPHASE

Flow DYNAMICS IN INTERNALLY HEATED PCOLS

OPES, CLOSED, HEAT LASSES, REFLUXING

BRCCKHAVEN NAT:CNAL La5CRATCRY j) 33 j

A55CGATE: UN;VER:REI. ;NC. O l! !
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ITREDSE x
,

c
, ' ' Igg [ e DEVELOP PLOW REGifiE TRAllSITI0li CRITERIA AllD

.')( '
VolD l)YflAfilCS lilFORiiAT10ll MITil PROTOTYPIC

\ fs DISPERSIOrt PARAliETER flAGillTUDES (Dif1Ef1S10flLESS)
,

WATER-AIR Af1D flERCURY-AIR SYSTEliS>
. ,

f- e PROVIDE BASE DATA FOR EVALUATION OF Tile SIMMER
.W Y|D

-

1 MODEL-
.

6 '' lldi
y }' SIMl!S'

.

,, 1 e ErlGitant RirlG DESIGil C0f4PLETE
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.:'
) . 't ,

e PRELIMiflARY IESTS FOR IflJECTOR 01STURBAf1CE
'

:' c If1 Tile NEAR FUTURE* .
*. s
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llYDRODYHAMIC_ DISPERSAL

l'ht tilllMHLIfASilill.1lY_llSIS
PYRE 0SE^

o Oll T A lli l'l0 R E Il E F i tt l T I V E V i s u A L V o l D[,/ -

i;> ), AtlD lilSTRUMEllTED V0iD DYilAMIC I3EllAV10R' -

hyf [t .M - lil NEAR-PROTOTYPE GEOMETRIES

/ \\Y
,

I e PROVIDE DESIGil EVALUATlotl IflFORMAT10ll

FOR llYDRODYllAMIC DISPERSAL IESTS.
~

- WITil0UT IllJECTOR Itat SIMULAT10tlS

j! - WITil IrlJECTOR Tulle SIMllLATiollS

't' SIAlliS.

/ tM,-

/ e IEST VESSEL CollSTRUCTED AtlD ASSEMBLEDI

'

9 SUPPORT STRUCTURE COMPLETE,
,

f] (~ 'f k'; 6 DENSIT0 METERS COMPLETE

$. o PRELIMINARY IESTS INITIATED .
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HYDRODYNAMIC D!SPERSION

e PRELIMINARY RESutrS

- CHURN ELOW STABLE To AT LEAST IHREE IIMES

KUTATELADZE LIMI.T. CONSISTENT WITH

ELECTR ICALLY HEATED RES. S

- 3UEBLY FLos LESS STABLE IHAN IN ELECTR IC ALLY
HEATED [ESTS

e IMPLICATIONS

- DISPERSED REGIME MOR_ LIMITED IHAN
ASSUMED IN LITERATURE{.

- 3UE3LE STABILITY EF:ECTS CN DISPERSION
SIGNIFICANT

BRCCKH#<EN NAT:CNAL 'JECRATCRv j) j][
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1

DISPERSION IN INTERNALLY HESTED BOILING POOLS

e ELECTRICAL HEATING

- l_ARGE L/D

- SMALL L/D

e MICROWAVE HEATING

C
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DISPERSION - ELECTRICAL HEATING

APPLICTION OF SIMULSNT EXPEP!r1ENTS A''!D ANALYSIS

e QUESTION:

- WHAT IS POTENTIAL FOR DISPERSAL OF 3 OILING

Po0L OF Fust (HEAT SOURCE) AND STEEL (VAPOR
SOURCE)?

e ASSUME

- STEEL UNIFORMLY MIXED WITH FUEL AND AT

SATURATION IEMPERATURE

C' - VAPcR PRoauCTIoN RATE IS J ./ u,,G

Poot OPEN AT IOP-

- 1-D CR!FT Flux MooEL APPLIES

e MAJOR SC;LINC PARAMETERS
.

d.d 3. G
-

,

U, Jg

3RCCKHk/EN NAI!CNAL LAECRAICRY j)]]]
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)
Comparison of Experime. ital and

Transition Phase Dimensionless Parameters

.

.

Present Singl e-Assembly Core-Wide
Water Molten UO / steel Molten UO / steel

2 2
,

'Experiments Pool Pool
R

flow Field Single C< .nent Multicomponent Multicomponent'

Multiphase Mul tipha s e '

'
~

Power Density .

(% of LMI~ Bit 0 - 3.1 1 8 1 8nominal fuel ,
power density )

-

A&

19 10.6 85 10.6 85
'

J /0, 0 -

-.

hk

j /j k 0 - 4.8 0.56 4.5 0.56 4.5
g

-4 -b -5 -5
o /p 6.2 x 10 2.8x10 2.8x10 2.8x10 2.8x10

g

5 0 6 64.6 x 10 2.9x10 2.3x10 5.3x10 4 . 2 xl ''jg,0/ y g

H /D 4.8 - 9.7 3-6 3-6 0.16-0.32 0 . 1 6 - 0 .32
g

f
7 > 3p 2/0 cal /cm -s.

E-
1.s ..

~

The calculation of j assumes all energy generated is available for steel vaporization., . , g,
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EXTRAPOLATED TRANSITION Pli,'tSE CllARACTERISTICS

POWER AVAILABLE FOR |

STEEL VAPORIZATION J J- FLOW REGIME POOL-AVERAGEgm a
(PERCENT OF LMFBR V0ID FRACTION

U"' J
NOMINAL POWER GK

._

DENSITY)

] 10.6 0.56 CllDRN- 0.6 - 0.7
TURBULENT

3 85 11 . 5
CllURN- 0.7 - 0.8

TURBULENT
t

. -

k''
u,

Y
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DISPERS!ON - S!MULaNTS

e CONCLUSIONS

- DISPERSAL POTENTI AL 3Y 3 OILING STEEL IS
SUBSTANTIAL

- EXTRAPOLATION TO HIGHER PCWER REculRED

- DATA TO COVER WIDER RANGE OF JG=/U, NEEDED

0
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_

_
MICROWAVE POWER SOURCE

o PREDICTABLE /MEASURA3LE POWER DENSITY

- MULTIMODE CAVITY (0vsn)

- SINGLE MooE APPLICATOR

C
e POWER COUPLED TO DISPERSED FLOWS

- CYCLOHEXANE-ETHANOL SOLUTION

_

-J k, g e.
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DISPERSION IN INTERNAL ~LY HEATED ~

BOILING POOLS-M:ICROWAVE
ICX l'ERIM EN'.I'A L CGNCEl'T
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I

HEAT TRANSFER IN INTERtJALLY HEATED BOILING POOLS

(REPORT ISSUED)

u

e PURPOSE

- DEVELOP CORRELATIONS AND MODELS TO DESCRIBE

30UNDARY HEAT LOSS MECHANISMS

- APPLICABLE TO PAHR AND IRANSITION PHASE

o CBJECTIVES

{ MEASURE LOCAL BOUNDARY HEAT FLUX AS FUNCTION-

OF WALL ANGLE AND FLOW REsIME

- MEASURE AVERAGE AND LOCAL DISTRIBUTION OF VOID

FRACTION AS FUNCTION OF DIMENSIONLESS POWER AND
Flow REGIME, INVESTIGATE EF:ECT OF ASPECT RATIC

- IDENTIFY APPLICA3LE FLOW REGIME TR;,NSITION CRITERIA

ERCCKHA'/EN NAT:CNA; f)3CRAICRY j)|} j
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BOILIt!G PCOL HEAT TRANSFER
_

e CONCLUSIONS

BUBBLY FLOW

- DISTRIEUTION OF 3CUNDARY HEAT IRANSFER ~ COE.:FICIENT REsEMELEs
NATURAL CONVECTION

- LAMINAR AND IUREULENT HEAT IRANSFER CORRELATICNS DEVELOFED

- LOCAL HEAT -IRANsFER COE.:.:ICIENT GREATER IHAN PREV 10us ESTIMATES
EY A FACTOR ~ 2

[uy0N_TURBULFNT FLOW
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MULTIPHASE FUEL RELOCATION
~

e CONCLUSIONS:

- RATES OF FLOW AND SOLIDIFICATION WiTH STAELE CRUSTS
IS ADECUATELY CHARACTERIZED BY HYDRAULIC PRESSURE DROP

AND CONDUCTION IHROUGH THE CRUST.

- C-AS-LIQUID MIXTURES ExHIsIT ACCELERATED SOLIDIFICATION
RATES AE0vs THE Liouto-CNLY CASE.

- CONDUCTION-LIMITED FREEZING MODEL YIELDS UPPER 30UND

ON FusL RELOCATION RATES.

- FREEZING WITH MELTING WALLS IN THE AESENCE OF STAELE

Q CRUSTS REPRESENTS A L0wsR SOUND ON Fust RELOCATION R;.TE 3.

- MAJOR UNCERTAINTIES

CRITERI A FOR CRUST [NSTAEILITY

MECHANISMS OF ENTRAINMENT CF MOLTEN

WALL MATERIAL

-

BRCCKHAVEN NAI CNA; 33CRAICRY j) 3] j

ASICGATED UN'iERSii:E5, E C U 3

US0001 _c
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ROLE OF TAYLOR INSTABILITY
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BNL PROGRAM SU RARY -I
_

s DISPERSION

- PLOW REGIME UNDER DELAY HEATING CONDITICNS IS
LIKELY TO BE CHURN-IUR3ULENT, NOT DISPERSED.

- FcAM PERSISTENCE IS UNRESOLVED , PERHAPS

CONTAMINANT AND NUCLEATION SITE DEPENDENT,

- IF VAPOR IS AVAILABLE; DISPERSAL POTENTI AL

IS SIGNIFICANT'

ac q . o Cn 'L n"a l
- c-

I mnero n niq - t K
-

U10 V.

- -
- BUBELY rLOW:,
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SSC DEVELOPMENT AND CODE VALIDATION PROGRAMS AT

BROOKHAVEN NATIONAL LABORATORY

PRESENTED BY

.

C JAMES G. GUPPY (BNL)
.

CHARLES N. KELBER (iiRC/ARSR)

a

JOHN E. MEYER G1IT)

AT ACRS REVIEW MEETING

WASHINGTON, DC

AUGUST 7, 1979

ER::cs/E:4 si:cNn LAscuicu;3 a|
A5500ATD UNiVER5! TIES, INC. G !!!

1390005



'

2
s

SSC PRESENTATIONS

OVERVIEW OF ALL SSC ACTIVITIES GUPPY.

o SSC L".FBR RELATED ACTIVITIES GUPPY

e RECEi!T EXPANSION OF SSC WORK

TO INCLUDE LWR ANALYSIS KELBER

C
o SSC LWR RELATED ACTIVITIES GUPPY

. NAiliRAL CIRCULATI0il RELATED

PHE|'OMEi!A H!D MODELING REQUIREMEi!TS MEYER

BRCCKHAVEN NAi!CNAL LAECRATORy) g |

A5500ATED UNIVER5iT:E5 INC.G H I

G80006 :
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SCOPE OF SSC DOIELOPPENT PROGRAM

SSC SERIES OF COMPUTER CODES SIMULATE THE?fl0-=

HYDRAULICS OF ENTIRE PLANT INCLUDING REACTOR

CCRE AND HEAT TPAiSPORT SYSTEMS

SSC CODES ARE DESIGNED TO STUDY OPERATIONAL^

AND OTHER SYSTEM-WIDE ACCIDENT TRANSIENTS,

'#ITH PARTICULAR EMPHASIS ON NATUPAL CIRCULATION

SSC CODES ARE DEVELOPED TO PROVIDE AN*

INDEPENDENT ANALYTICAL TOOL APPLICABLE TO

A 'r!IDE VARIETY OF POTENTIAL SYSTEM DESIGNS

C
PLANT CONTROL SYSTEMS ARE INCLUDEDo

PLAi!T PROTECTION SYSTEM IS INCLUDED AND ISe

ASSUMED TO BE OPEPATIVE

MUST MODEL ADEOUATELY ALL ConPONENTS/ PROCESSES*

ESSENTIAL TO HEAT REMOVAL

EROC(HAVEN NAT'CNAL LAECRATORY[3 ;3 |

A5500ATED UNIVERSii'ES, !NC. O U l

US0007
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SSC VALIDATION PROGRAM

o OBJECTIVE - PROVIDE A DATA BASE OF SUFFICIENT SCOPE TO

QUALIFY SSC AN AN INDEPENDENT LICEtlSING TOOL

e VALIDATION BY EXPERIMENTAL COMPARISONS

~

- ON A SYSTEM BASIS

FFTF

EBR-II

SNR-300 (GERMANY /3ELGIUM/ HOLLAND)

- ON A COMPONENT BASIS

LMEC - (PUMPS, DHX)

C AI - (STEAM GENERATORS)

ANL - (UPPER PLENUM MIXING)

GERMANY - (SNR-300 PROTOTYPE SG)

o VALIDATION BY ANALYTICAL COMPARISONS

- ON A SYSTEM BASIS

CRBRP/ DEMO

FFTF/IANUS

- ON A COMPONENT BASIS

COMi1IX - COMPONENTS, PIPES

COBRA - CORE

BRONPAVEN NATIONAL LABORAICRY j) g |

ASSOC!ATED UNIVERSIT!ES, INC. O Ut I

~

C3000S
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VERSIONS OF SSC

SSC-L - SIMULATES SHORT-TERN (UP TO ~ h HR) TRANSIENTS*

IN LOOP-TYPE LIFBRs

SSC-P - SIMULATES SHORT-TERM TRANSIENTS IN*

POOL-TYPE LMFBRs

SSC-W - SIMU' ATES SHORT-TEPJ1 TRANSIENTS IN LWRs*

SSC-S - SIMULATES INTEPliEDIATE - TO - LONG TERM*

(SEYOND h HR) TRANSIENTS. IT INCORPORATES

k OTHER HEAT TRANSFER E1 DES AND LOOPS

ERCCKHAVEN NAIiCNAL LASCRATCRY|} g} ]

A55nCIATED UNIVERSITIES. !NC.G H 3

680009
.
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SSC STRUCTURE

BASICALLY A SET OF B"ILDING BLOCKS OF T10DELS/ COMPONENTS*

(CORE, PUMPS, PIPES, IHX, SG, CONTROL SYSTEMS)

' HOW THESE BLOCKS ARE INTERCON!!ECTED IS WHAT DIFFERENTIATES

ONE VERSION FRCM ANOTHER

* THUS, THERE IS MUCH OVERLAP AND MANY MODELS/ COMPONENTS

ARE IDENTICAL BETWEEN VERSI0flS

- SSC-L AND SSC-P IDEflTICAL PAST IHX

C - SG MODELS IDENTICAL, BUT PHYSICALLY TUPJ1ED

INSIDE OUT BETWEEN SSC-W AND SSC-L, SSC-P

BRC0KHAVEN NAi!CNAL LABCRATORY[3 g j

A5500ATED UNIVER$lilE5, INC. {{ lll

US0010 -
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SSC STATUS

SSC-L.

- OPERATIONAL FOR ALM.0ST TWO YEARS

- USERS INCLUDE

(1) BNL

(2) t'RC/ARSR

(3) GESELLCHAFT FUR REAKTORSICHERHEIT,

W. GFRMANY (Si!R-300 LICENSING ANALYSIS)

(4) BaW sL'.RGE SCALE U1FER DESIGil STUDIES)

V (5) CE CLa.RGE SCALE U1.F3R DESIGi! STUDIES)

(6) GE (LARGE SCALE LiiF3R DESIGil STUDIES)

(7) UNIVERSITY OF ARIZONA (ACCIDENT

DELINEATION STUDIES)

- AT APPLICATIONS / DEVELOPMENTAL VERIFICATION STAGE

- BEIilG APPLIED TO A WIDE VARIETY OF SYSTEi T?ANSIENTS

- 3EI|!G APPLIED TO VARIOUS EXPERIP, ENTAL TESTS

(PARTICULARLY FRF)

BROOKHAVEN NA!!CNAL LAECRATORYl) Ell
A550 GATED UN!VERSIT!ES, INC. (i (E I

-

L30011
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SSC STATUS (cont)

* SSC-P

FIRST opt. RATING VERSION EXPECTED LATE 1979

* SSC-W

FIRST OPEPATING VERSION EXPECTED EARLY 1980

.
.

L
SSC-Se

INSCOPINGANA(YSISSTAGE

BRCC5AVEN NAi!CNAL LABCRATORY[3 g;[

A550 GATED UN!VERSIT!E3, INC.G E!!

090012
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,

SSC;L

* f!0DELS

FEATURES*

L CAPABILITIES*

RESULTS*

_

BRCCKHAVEN NAT!CNAi. LABCRATORY|} []]
A55CCIATED UNIVERSITIES !NC.(Ill|

G30013
.
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STEAM GENE 9aTOR P0DELING

GEi!ERIC FOR ANY TYPE SG DESIGN*

7 REE EQUATION MODEL, EQUILIBRIUM, SLIP ALLOWED
-

*

MOMENTUM INTEGRAL SOLUTION PROCEDURE (MEYER)*

- EXTENSI0ils

(1) IMPLICIT TIME INTEGRATION

(2) TlME-VARYING REFERENCE PRESSURE

C3) FEW PRESSURE MODEL

CORRELATIONS*

- STEAll/ WATER PROPERTIES (THOR, JORDAN)

( - FRICTION FACTOR (W-ARD)
.

- TMD PHASE FLOW MULTIPLIER (THOM)

- HEAT TRANSFER: WATER-SIDE

FORCED CONVECTIO!1 - DITTUS BCELTER

NUCLEATE E0ILING - CHEN

FILM E0ILIt'G
- HADALLER

SUPERHEAT CONVECTION;

DN3 AI CORRELATION-

- HEAT T dNSFER: SCDIUM SIDE

GPMER-REIGER CORRELATION

.

3ROCKHAVEN NAT:CNAL LAECRATORY[3 gj j

A5500AIED UNNER5li!ES. |NC. ILE ilI

dI3OC11
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VALIDATION OF STEAM GENERATOR

SIMULATION MODEL

ATOMICS INTERNATIONAL MODUUR STEAN GENERATOR*

COUNTER-FLOW SHELL AND TUBE SODIUM'

HEATED HEAT EXCHANGER.

STRAIGHT TUBE, HOCKEY STICK DESIGN

STEADY STATE HEAT TRANSFER TEST DATA*

TESTS PERFORMED MARCH 21-24, 1973

TESTED IN ONCE-THRU MODE

LOW PRESSURE TESTS STEAM PRESSURE

1550-1850 PsIG

h.GH PRESSURE TESTS STEAM PRESSURE

2450-2650 PSIG

L VARIOUS COMBINATIONS OF SODIUM AND

FEEDWATER FLOWS

RE:: TR-097-330-008

SSC u SIMULATION*

INPUT - MEASURED SODIUM FLOW AND INLET

TEMPERATURE

COMPUTE - TOTAL HEAT TRANSFER RATE

(MODULE POWEPJ

HC " KNOBS" ADJUSTED

EROCKHAVEN NAi!CNAL LABCPaiCRY|} [][
ASSOCIATED UN!VER5iilE5, INC. (I ll I

05001:3
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SSC-L SIMULAT10tl 0F Al-MSG LOW PRESSURE

STEADY STATE HEAT TRANSFER TESTS

40

-
- j

35 -

-

-
_

m 30
-m

w

s _

w
m
E 25 -

c
w _

&
<

20 -

$ /
-u _

15 -

_

10 ' 6 r i i i t t i i i

10 15 20 25 30 35 40

MEASURED POWER

(MW)

MAX DEVIA'' ION 1.2%

'JS001G



-. - __ ..-

13
'

CURRENT SSC-L CASE

SIMULATION CAPABILITIES

ANY SIZE PIPE BREAK IN ANY SODIUM LOOP-

REACTOR SCRAM, fWlUAL OR PPS INITIATET)-

PUMP MAIN MOTOR TRIP - ANY PUMP*

PUMP P0ilY MOTOR FAILU.C, AfiY PUMP-

u

COASTDOWN TO NATURAL CIRCULATION-

OPERATIONAL TRAtlSIENTS-

- REACTIVITY TRANSIENTS
- SINGLE PUMP FAILURE
- C0t! TROL SYSTEM MALFUNCTION
- OPERATOR INITIATED EVENTS

Bj00KHAVEN NATIONAL LtBCRATORY|3 g g |

A5500ATED UNIVER$iiiE5. iNC.(i(!I

G30017
..
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EXAMPLE OF-SSC-L TRANSIENT 14

o SYSTEM DETAIL.i CRBRP PROTOTYPIC

- In VESSEL
~

.

4 CHANNELS,13 AXIAL SLICES, 8 RADIAL NCDES

FLOW REDISTRIBUTION ON/0FF
. ..

.._ . . .
-

.-h. ... - ..
....=i . ,: - c.=

- SODIUM LOOPS-.r. . .E.ste-
W M..., . . . .-- 4 ".

'

~ %. . . .::
"

-. - ' - . .. .n... .....

simh:: 9'~+%. -.

ONE LOO.a SINULATION m &. c m .:- = = . ~ - - m. . 2. -.

;- .-.;-n . . ., . . . . . ,... = e , . . ~ - m ,. w . m .= - 9 y a m .. m.
.

7 ~ ."-

5 PIPESECTIONS IN EACH CIRCUIT, TOTAL OF.D & :_ "

104 NOIES 3 5 5 $ N Ei k d M O.:..~ N k N i s N -:-
.~..,.,.u.-..n.m. . = . . . . = - ~ -<u..,-..-. - vr,. -= . = . .a=.

.

- , ..- .

-

4_ .~ W ' N ,3 " ~~ . . . . _
. . -

'

. 20 NODES IN IHX +%...'e-? .

w--- .~ . .. ..'-e. ,. - -j-u ,,,.; .

- r- ~ -i 7 -

..-. .. . . ~ . - - -

- . . . -. . . . .

~ . . f..g, 7

, - .-~ *p y = _ @ ? ~. ."..==.==% * ~[.~ .

* " . , . .J & '. . . .+-

3a -O . .t.- ._. ig, - __ .- f.,,; , . 7 ;._,, , z . -,

. ~.n::: . ,,c 5.v ?-~.; -

_ _ __._ . ' _ . 2, : L
_ _ _ ~.*E;, t 7 M ~. 2

..: i ;..._- .A : . : .- .
- ,.

N ~ME M
, - :.~. _

- - , =. -
__._ _._;

.. .

.;-.- . .. g _s : y =_ <_

. STEAM GENERATORTc ; .
. : n.x. .:. -;.;.a :- v.w:m . - .= ~-. n.

.

C 6 NODES IN EVAPORATOR,-4 IN SUPERHEATER, r ./
- ..

~'

.-~
.- -

- . _ _ . - - .
'

.
.,g , . ,;._.

TOTAL 0F 44 N0 DES ON WATER SIDE 5c; - - 2. = 2 --. :1 .. -
'

~2%54tWW$kE&; m N
~

.. . . ... x* = .m"~ '. . .- + m w . . . . . ..
. . . |.4.. . Y._. Y_ ~'..

._ _ _ . . . . . . ~ . _ . . _ . . . _ . . ..

o CASE SIMULATED, NATURAL CIRCULATION ~
_,,-~.m--. :. % ;- _ ,= . . .:--

..
. .: .

.

. . , - __;..,.-- 5_, _; ,,;. . q g - 1. -

" ~

- -
-

~~

- -

...:. ... .: . - . .
- - - -- -. . :. . n+ .

...

~ -----:.---- '* ** k -*' " > *7*.ii*, ~ ,. . 7. : *2 ' 7 ~~'',{~ ~ ~

^'.'_~.[--f~~ , ,

*- T r :.,. | '

' ~

,
*

., .
:'' - M_ % . %. . .~;^'i" $ ,'' L'_~' 2 ._Q f.+,. ', - ".:.~-f''.--@ ~ . '. |-- .m . . , :: . ;. - g

.
,

-

,
, .

- . . . y;~. - .--.s~
,,

_- u , - - - . a u, -- - ;; ac- y . -
,

_w - . .-

. . . .-

- PLANT INITIALLY AT.100% POWER AND FLOW . . . r -2.;J ..

-

. : . .:.; - ~. . - . . - - - .
-

- PUMPS MAIN MOTOR TRIP, REACTOR SCPSI AT .75 SEC, ' ~
.

~

-PONYMOTORSOFFY~ ~~S_~.
~

r n= " " r.ff ~ ':"
. . . _ ._ ._ .. ..

_

,

- SG RECIRC PUMP. TRIP - - -. cc m. . .
. .

- - =-
-

:

._
..

-. . .

. .. . .

.

- SIMULATION TIME 0-360 SECONDS - -=J 3 ~
g. - ;_<r . . .~ .: 2. . - . , , z .. y ;_ . ..

_ . .

- CEC 7600, 334 CPU SECONDS' REQUIRED S30018f ~
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SUMMARY

a SSC U4FBR RELATED ACTIVITIES

e EMPHASIS TODAY ON LOOP-TYPE CODE (SSC-L)
.

e SSC-L

- OPERATIONAL AU10ST TWO YEARS

- SEVEN USERS AT PRESENT

- BEING APPLIED IN MANY AREAS

- VERIFICATION PROGRESSING

o SSC FEATURES{,

- MODULAR

- EASILY MODIFIED

- USER ORIENTED

- COMPUTATIONALLY EFFICIENT

saccKs://:N NAT:cNat uscRAicay;; a g
A55cC'!TFD US: VEE 5'T;E5. !NC. CE U i

1390921.
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.

SSC-W

SCOPE=

STATUS REPO?.T.

C.

;M.nn ro
- ~m

BRCOKHAVEN NAilCNAL LABOR /.ICRY|} []|
AS5OC!ATED UNIVERili!E5, INC. C (I I



19'

SSC-W

SCOPE

e DEVELOP A VERSION OF THE SUPER SYSTEMS CODE (SSC)

APPLICABLE TO WATER REACTORS CAPABLE OF PROVIDING

AN INDEPENDENT LICENSING TOOL FOR DETAILED ANALYSIS

OF flATURAL CIRCULATION AND OTHER SYSTEM-WIDE EVENTS.

e DEVELOP INDEPENDENT ANALYTICAL TOOL

C e MODEL NATURAL CIRCULATION
.

o DEVELOP GENERIC TOOL TO ANALYZE SYSTEM WIDE EVENTS WITH

CONTROL SYSTEM / PLANT PROTECTI0h SYSTEli OPERATING

e CAPABILITY TO ANALYZE SINGLE / MULTIPLE FAILURES IN SYSTEM

THAT CAN LEAD TO DESIGil BASIS ACCIDENTS

BROCKHMEN NAT;CNAL La30kATORY[3 g)[

A550 GATED UNIVERS; TIES, !NC. G iti E

600023
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SSC-W

ASSUMPTIONS FOR IfilTIAL VER5 ION

e DIRECi DEVELOPMENT TOWARD

PWRs FIRST

e SINGLE PHASE IN PRIMARY LOOF (s)

(NoT A LIMIT FOR BWR DEVELOPMENT)
-

L
e MODEL ONCE-THROUGH SG DESIGliS FIRST,

THEN EXTEND .~0 U-TUBE DESIGNS

_

"

ERCCk 'AVEN NATICNAL LABCRATCRYj) gj j

AS. ^CATED UN '/ERS!T|ES, !?K. (i U l

c,S0024
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SSC-W STATUS

e WORK BEGUN MID-MAY 1979

e SINCE SSC CAN BE VIEWED AS AN ARRANGEMENT OF
BUILDING 3 LOCKS, SSC-W IS TO A CERTAIN POINT, A

RE-ARRANGEMENT OF THE BLOCKS.

o IN-VESSEL MODELING SAME AS SSC-L

- CORRELATIONS / CONSTITUTIVE RELATIONSHIPS

MUST BE CHANGED TO WATER

- COVER GAS MODEL DELETED

C' ROD PROPERTIES HANDLED THROUGh INPUT-

o HTS PIPING

- MODELS IDENTICAL

- GE0nETRY SPECIFIED THROUGH INPUT

- DELETE LMF3R PRIMARY LOOP AND IHX

e PUMPS

- MODELS IDENTICAL

- FUMP DATA SPECIFICATION HANDLED THROUGH INiUT

BROOKHAVEN N?.i!CNAL LABCRATCRY[] g} |

ASSOC |ATED uni'/ER$! TIES, INC. O !! l

..)g\0',b
. . . , -
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SSC-W STATUS (Comr.)
-

,

e PRESSURIZER

- PHYSICS:

BASED ON RETRAN F0PflULATION,

TWO REGION NON-EQUILIBRIUM.

RAIN 0UT & FLASHING,

SPRAY & HEATERS,

SURGE FLOW,

RELIEF AND SAFETY VALVES

-- MATHEMATIC 3 (BASED ON NAHAVANDI'S WORK)g
- STAND-ALONE MODEL OPERATIONAL

e ONCE THROUGH STEAM GENERATOR

LOGIC TURNED INSIDE CUT (PRIMARY IN TUEES)-

- PRIMARY SIDE CORRELATI0tlS SWITCHED TO WATER

- SECONDARY SIDE DNB CORRELATION MODIFIED

(3IASI CORRELATI0tD

- STEADY STATE TESTED (WITHOUT ASPIRATOR MODELED)

o PPS/PCS

- ADDITIONAL SAFETY AilD CONTROL SYSTEMS GENERIC

TO LWR-S ARE BEING ADDED AS REQUIRED

BROCKHAVEN NAilCNAL LAECRATORY[][][
ASSOC!ATED UNIVER5iTES, INC.(IllI

U!f09.27
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vj EXPERIMElll ': IIEATERS Oil { hSPRAYOilM{4 SPRAY Off

-qSSC-WCAl.CS. h IIEATEstS Oil *| |4- SPRAYOild2150 ',4 - SPRAY Ofl

PRESSllRIZER l'RESSllRE vs. TitiE
SillPPIllGPORT CASE

P100

L10lllD I LASilLS /
EXi'E RIMEllT i

- | '

::: '

n.

&

i,)i }

'' ,

LIQUID El.ASIIESl'} 20r,o
EXPERIf1EllT":

E XPERIMElli -

I

,

SSC-W CALCULAT10fl

?000

N
LIQtlID El ASilES #

\( .* ', SSC-H

c j LIQUID ELASilES
SSC-VO

I! 1950E 1 2 3 4 5 6 7 8 9 10 11 12

TIME (minutes)
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TMI-2 OTSG

SPECIFIED CONDITIONS

8
* PRIMRY FLOW 1,379 x 10 us/HR

* PRIMARY OUTLET TEMPERATURE 556 F

* SECONDARY OUTLET TEMPERAT1JRE 593.65 F

* TOTAL POWER 2772 MW
,

C .

CALCULATED CONDITIONS

6
STEAM FLOW 5.9259 x 10 us/HR

* PRIMARY INLET TEMPERATURE 505.74 F

BROCKHAVEN NAi!ONAL 1ASCRATCRY|3 g]]

ASSOCAIED UN!VER5iiiE5, INC. (Ill I

d30 OL'S .
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SSC-W FUTURE PLANS

e INITIAL VERSION EXPECTED EARLY 1980

.

e APPLICATIONS TO B&W PLANTS

- TMI-2 EVENT

- L0EP EVENT, C0ASTDOWN TO NATURAL CIRCULATION

OPERATIONAL TRANSIENTS, INCLUDING SINGLE / MULTIPLE-

FAILURES IN SYSTEM THAT CAN LEAD TO DESIGN BASIS

( EVENTS

- VERIFY BY COMPARISON TO NATURAL CIRCULATION

TEST RESULTS

BRCCKHAVEN NATiCNAL LAECRATORY[3 g]]

ASSOC!ATED LN!'/ERSIT!ES. |NC.(IliI

'330031
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( SUPPLElENTAL VIEWGRAPHS

BROCKHAVEN NATIONAL LABCRATORY[3 g3 [

ASSOCIATED UN!VERSlilE3, !NC. (I El I

c.s, n g 0 f.,no
*.~>a ,



O
.

.

.

.

COVER GAS PUMP

STEAM
- GENERATOR

:

L<

<b

, _ _
SURGE y__
TANK

| g | TURBINE~ '
00

i xi i -,

CliECK | | |
x;)< ~s-Q | | |=

CONDENSER
''"

VALVE - L_J |

-J
CORE |HX PUMP oo

-~-
x f ,

' '
,

~ ~

PUMP

'

,

!

Sketch of One Set of Loops in an LMFOR System

enc.; '.

i.? h
-u.

Y
Q
Q

R

k



.

.

.

S-3

A i
1 g L

i I

6 %

7 Y
I & x x \\ x s\

's xxxs xxss
_

I
<xssNNNsxx

4 - 4 - *~

ggsgggssw ,.. - -

4- s xN' NN N c

O.x,c m,

/ Z
/ 's, -

,
<

/ \

,' \ DJ
/ \

/ \ Oe \
. < \ E'

/
/ \

,e e

Wi5s//AN \\\'\W//// sin N3 w
/ \ w
I \ LL)I \ >

/ \ l
'

b/ \
/
/ \

| \
/ \

- / \
/ \

/ 1

NNNNNNNNNNNNN'

4

V / / / s' ////////'
~

'// //////////
'

" ,, 4 . .-'. : - '!:~; L.3 s.?,

NN\\\\\\NN\N' r y

.sNNNNNNNNNNNN 4

[NNNNNNNNNNNN1
'

kNNNNNNNNNNxN
h Me%'M'M'RWN'j 1. '' O G3.].

~

EiNh'S@@'t'5#4' ?3Mi e sI



_ . - _._ _

S-4

IN VESSEL MODELING

POINT REACTOR KINETICS (t!AHAVANDI)*

REACTIVITY FEEDBACK EFFECTS (SAS FORMull,TI0iD*

ROD HEAT CONDUCTI0il (CRANK-NICHOLSON SOLUTI0il PROCEDURE)*

TRAilSIENT BUOYANCY-INDUCED It1TER-ASSEllBLY FLOW*

REDISTRIBUTION (FLODISC)

REVERSE FLOW ALLOWED BOTH CORE-WIDE OR INDIVIDUAL*

CHANNEL BASIS

.

"
LETAlLED ACCOUI1 TING OF ALL PRESSURE LOSSES AND -*

TEMPERATURE / dei!SITY PROFILES

C0ilSTITUTIVE RELATIONSHIPS AND CORRELATIONS*

FUEL /3LANKET (LIFE-II, HEDL)

SODIUti (GOLDEN & TOKAR)

FRICTI0tl

f TURBULENT FLOW Ill BUi!DLES Gs0VEi1DSTERID

? LAMINAR FLOW IN BUNDLES (HEDL/W-ARE
f

HEAT TRANSFER - (MODIFIED SCHAD CORRELATI0iD

_

TV.'O Z0f!E .'IIXING MODEL Ii! UPPER PLEi!UM (YANG)*

BRCCKHAVEN NAT CNAL LABORATORY [3 g)]

A550 GATED UNIVER$lilES. |NC.O U l

eftjOD b
_
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ANL TEST RUN -

.

A 5/20-4 -- flormal Scram
10 0 - A 5/29-1 -- flormal Scram y O

V 5/20-8 -- liigher Shutdown Flow Rate f"Y 5/29-7 -- liigher Shutdown Flow Rate
O 5/20-6 -- liigher Shutdown Flow Ik te

i

8 80 - C
,

,

5/29-G -- H g][ier gtgjown Flow Rt.te i

tjJ D p [Ra te5/20-7 --
~i U 5/29-5 -- Ilicher Shutdown NOTE:

j Flow Rate9 O 5/20-5 -- Constant riow Scran . DAR INDICATES
,

'

[ 60 - ,

UNCERTAINTY IN' DATA;;
!

,

-

N
.

,- -

LL)
>
t-.

40 - '

!Y k".
__

*SSC-L MODEL
lb ,

20 -

e o - l i I IIlli i l I II| [ni I IIIli! I

Q 0.2 1 10 00

Fr
CJ -

c) Comparison Between Effective Mixing Volume Calculated by
SSC-L Model and ANL Experimental Values.

f
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HEAT TRANSPORT SYSTE" Mgr)ELING

PIPIllG*

- COOLANT, WALL MODEL

- TRAtlSPORT DELAY ItiHERENTY MODELED

- NODAL HEAT BALANCE METHOD

- C00LA'1T EQUATION IMPLICIT, HEAT FLUX EXPLICIT

- MARCHING PROCEDURE

- HEAT TRANSFER - AOKI CORRELATION

- VARIAELE FRICTION FACTOR, APPROXIMATION TO

COLEBROOK CORRELATION (PROVEID

IHX*
=

- PRIttARY COOLANT, WALL, SECONDARY C00L614T, SHELL

- APPROACH SAME AS FOR PIPING

- HEAT TPK SFER

TU3E-SIDE: AOKI CORRELATION

SHELL-SIDE: GRABER-RIEGER CORRELATI0il

BROOKHAVEN NAT!CNAL LABORATCR1'[3 []|
A55CCIAID UN!VER5iiiE5, INC.(IilI

* 3 0 0 3 j'..
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1.0 , , , , , , , , , , , , , ,

'

0.8 -
x:5.5 m x = 5.5 m

~ -

\
' --- 3 - 0 -3-0

TOP --l-O Top --l-0,

~).o, - - - -

\ SCTTOM . --==: BOTTCM
'

\ /' p'O.4 - - --

\ /
/ ,/O.2 - _, / - - ' -

' ' ' ' ' ' ' ' ' ' ' ' ' '
O

.

o

j_. 1.0 -

, , , , , , , , , ,,,,,

o
*- 0.8 x ll.6 m _ x ll.6m

,,,

5 TOP - 3-0 - 3 -0 |

5, O . o '- N sOTTOQ~ -0 TCP --'-U
- m -

U \ BOTTOM
'N'-

'O2 - .

e v. . ., , . . . , , . .
= ,

1.0 , , , , , , , , , ,,,,,

C.3 ----
x 21T.T m x : IT.7 m
~3-0 - 3-0~~ ~

--l-D --1-0
0.6 - ~7op 7ap \

\ L \30TTOM s0.4 - BOTTOM -

% ~ _ -y
,

f0.2 - - -

' ' ' ' ' ' ' ' ' '' ' '
C
40 80 120 16 0 200 40 80 120 160 200

(c) TIM E(5) (b)

TEMPERATURE HISTORY AT VARIOUS AXIAL POSITIONS
CA) C0iGUCTINC PIPE WALL
(s) ADIAEATIC PIPE WALL

G30033
.
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HTS MODELING (couT)

L

_ -;.

PUMP*

- HOMOLOGOUS MODEL

- ALL OPERATING REGIMES ACCOUNTED FOR

- RE9UIRED HEAD & TORQUE POLYNOMIALS DERIVED

FROM INDEPENDENT MODEL TEST RESULTS

(STREETER & WYLIE, AND DUNSKY)

- RESULTS IN EXCELLENT AGREEMENT WITH

VENDOR DATA

ERCOKHAVEN NAT:CNAL LAECRATCRY[3 g} j

A5500ATED UN|VER5iT|E5, !NC. {E U !

gjOO.10 .
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S-ll-

PPS/PCS SIMULATI0il

GENERIC MODELS FOR PPS FUtlCTI0f!S AVAILABLE

(SPECIFICATIONS THROUGH INPUT)

PRIMAP,Y AND SECONDARY REACTOR SHUTDOWN SYSTEMS

MULTIPLE CONTROL ROD BANKS MODELED

PUMP CONTROL

. FEEDWATER CONTROL

TURBIT!E CONTROL VALVE CONTROL

TURBINE BYPASS

G300*t2

BROOKHAV:N NAiiCNAL LABORATORY |3[]|
A550CATED UNP/ER$iiiE$. INC. O li!

-
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( COMPUTATIONAL METHODS FOR

REACTOR PLANT NATURL CIRCULATION

J. E. MEYER

AUGUST 7, 1979

1. INTRODUCTION

2. NUMERICAL / PHYSICAL APPROACH

U
3. CORE MODEL

4. PLANT REPRESENTATICN

5. COMPARISCN AMONG LMF3R AND PWR PLANTS

6. FUTURE WORK

G300a1; ,
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2. NUMERICAL / PHYSICAL APPROACH
.

.

A. TIME CONSTANTS

3. CUASI-STEADY

C. NUMERICAL METHODS

D. ENTHALP/ IRANSPORT

%*

<)v , *k

/E1
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2A TIME CONSTANTS

o OPERATIONAL DEFINITION

-

RESPCNSE

INPUT ,

>'
/

'
'/ ,

/
/

/
/

___
-

C g~ -

IIME

23 CUASI-STEADY?

0 ECUATION

--

R =
a 2

A s c s! -__!.-

p n

- -
/
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2B QUESI-STEADY (cont'D-)

\,

e DEFINE s6ur

t

\

500
-

-

E-sw

T-
_

J, xt --

(*C) -

g
500 \

~
-

'

C

400 -
_

-

300 -

- J
U 3'JO 1000

TIME (S)

- -
-^-7, = Dg;c700, VE SS E'_ tX I T I _ A, P;"" ' UP':

:
,

-

4 , ', 5) ' L.

ca
*e s



._ _

5

2C NUMERICAL MUHDDS

(
_

e EXPLICIT?

.

- _.

atR=E ~L

o SPEED? ,
.

.

_

atR=3 :tSGNF__

.

a SSC-L iscHNIcuss

- [MPLICIT STRINC5 EXPLIC!T CONNECTORS

.'lVLTI-IIME STEPS
'

WOO 18
/

,( 3
.
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2D EtlTHALPY TPAtlSPORT (LMF3R)

i

PHTS 100% 3%

COMPONENT FLOW Flow

IN REAcToa VEs. 42.8s 1420s

R.V. To IHX 14.3 480

IN IHX 12.2 410

IHX To R.V. 6.2 210

C TOTAL PHTS 75.5s 2520s

CORE 1.3s 43s

TOTAL IHTS 93.6s 3740s

TOTAL SGS 56.8s 543s

6000 "t3

_
.:
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( 3. CORE MODEL

A. AXIAL CONDUCTION

3. 30UYANCY EFFECTS

C. TRANSVERSE hen TRANSFER

D. FRICTION FACTORS AND HEAT IRANSFER.~,

"''
COEFFICIENTS

g:F>50

,m
'g /
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33 BUOYAI1CY EFFECTS (CONT'D.)

e IllTER-ASSEMBLY

(

2.0- i i

(3g) AH = 100e

\^ H -e) 200 [
/

400

AH = 100
1.0 _g- -

~s s 200
N N N\ N

N s 400
\

\

g\s..

N NN
N % s

N -. e- _ _ ___ _

0 i i

0.1 1.0 10. 100

PERCENT CCRE Flow

A H. = AssgM3Ly AVERAGE ENTHAL?Y RISE (KJ/KG)

AH = CORE AVERAGE ENTHALPY RtSE CKJ/KG)

= HOT ASSEMBLY

----- = Coto ASSEMBLY

OI!O9U1

.c
' .
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3B BOUYANCY EFFECTS (CONT'D.)

t e INTRA-ASSEP3LY

_
. . _ - - _ _ _ _ . . - . - - - . .

1.0 i '
-

3
6 H = 100 3

200

/
0,5 - 400 x _

778

- ,

FULL FLOW

'r- N

0 i i

52 3 # 1010 10
,

gg

6H = ASSEM3LY AvERAeE ENTHAL?Y RISE (KJ/KG)

RE = REYNOLDS NUMEER 3ASED ON ASSEM3LY AVERAGE Flow RATE

._

'f ENTHALPY HOT _1
iCHANNEL FACTOR,y -_P
' POWER HOT }
iCHANNEL FACTORI

~

INTRA-ASSEMBLY
-

*3OCb2,,

:.
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4. PLANT REPRESENTATION

(

A. NATURAL CIRCULATION

B. PLENUM AND Pact TREATMENTS

C. STRATIFICATION IN PI?ss

D. STEAM SIDE SLIP AND PHAss SEPARATIONS

..

6t)0053

':-
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( COMPARISON AMONG LMFBR AND PWR PLANTS
'

'

A. PLANT COMPOME.NT GEOMETRY

B. FLUID PROPER 7l'2"

C. ENTHALPY IRANSPORT

,

k 1s

-

g

.i
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_

SC B4THALPY TRANSPORT

(
(FULL FLOW, TIME IN SECONDS)

UFBR PWR

IN REACTOR VESSEL 42.8 3.4

RV To IHX/SG 14,3 1.0

IN IHX/SG 12.2 4.7
-

.~

IHX/SG To RV 6.2 1.6

TOTAL PHTS 75.5 10.7

CORE 1.3 0.7

_

630055

i
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5 FUTURE WORK
(

A. FURTHER EVALUATE EXISTING $$C METHODS

3. IMPROVE NUMERICAL METHODS AND FHYSICAL MODELS

C. COMPARE TO I;UILDING 3 LOCK EXPERIMENTS AND

COMPUTATIONS

D. DELINEATE RANGE OF VALIDITY
,

1

5.300:i6

.

I
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INECIUf0llKIRG__GR01ES

1. FUEL AVAILABILITY

2. ENRICllMENT AVAILABILITY

3. SUPPLY ASSURANCES

II . REPROCESSING Pu ll ANDLING, RECYCLE

5. FAST BRF.EDERS

6. SPENT FUEL MANAGEMENT

7. WASTE MANAGEMENT AND DISPOSAL

8. ADVANCED FUEL CYCLE CONCEPTS

I

--

]
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NASAP

REVIEW SCHEDULE
t

i

e ALL MAINLINE REACTOR PRELIMINARY SAFETY AND
ENVIRONMENTAL INFORMATION DOCUMENTS

|
(PSEIDs) ARE DUE AT NRC BY 2/9/79 (THE LWR- t

VARIANT IS IN),

0 ROUND ONE COMMENTS (ON DOE DRAFT NASAP
REPORT) DUE 4/15/79 I !

!O
ROUND TWO COMMENTS (ON DOE NASAP REPORT)'

D U E; 6/15/79 .

'
' e DOE REPORT TO THE PRESIDENT AND TO CONGRESS

D U E' 12/24/79 I' |
i ,

:
.| i

,

i
!

.

g

' ~

'

~

= . . . ;.,,,
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NASAP

" MAINLINE" N ASAP REACTORS TO BE -

/ ', REVIEWED-

'

1. LIGHT WATER REACTOR || LWR) ||THREE VARIANTS ON;
'

CONVENTIONAL PWR)
2. LIGHT WATER BREEDER REACTOR ||LWBR) I;THREE

PREBREEDER/ BREEDER PAIRS)
3. LI O.U I D METAL FAST BREEDER REACTOR i;LMFBR)

"

(SIX VARIANTS)
4. H EAVY WATER REACTOR (HWR)||A C.E. VARIATION OF

THE CANDU)
,

', 5. HIGH TEMPERATURE GAS COOLED REACTOR ||HTGR)
'

; (LOW ENRICHMENT FUEL)
i 6. GAS COOLED FAST REACTOR I|GCFR)

'

,

j

/
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ALTERNATIVE SYSTEM

RESEARCil PROGRAMS
'

PROPOSED

ilWR

- PRESSURE TUBE MATERI ALS EVALUATION

- SEISMIC ANALYSIS

LWBR

- CORE PERFORMANCE ASSESSMENT

GCFR

- CORE RETENTION ASSESSMENT

,

,)
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INFCE & NASAP ACTIVITIES 8
$,

,

CURRENT

PARTICIPATE IN INFCElWG-8 ACTIVITIES
COMMENT ON SAFETY (RESEARCH NEEDS) INVOLVED IN

,

|
INFCE PROPOSALS

f
MONITOR NASAP ACTIVITIES
CONTRIBUTE SAFETY RELATED INPUT (COMMENTS) TO
ALTERNATE SYSTEM PROPOSALS

-

|

| DEFERRED

EVALUATE SAFETY RESEARCH NEEDS FOR SPECIFIC
I PROPOSALS

SCOPE OUT TENTATIVE REACTOR SAFETY RESEARCH
PROGRAMS
EVALUATE ANTICIPATED COST OF NEEDED SAFETY RE-
SEARCH FOR PROJECTED CONCEPTS

: G


