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Whezrsuvon,

; ROBERT E. STIPPICH

rasumed the stand as a witnaess on b=ihal ® of thae | opld

7800

and, having been previocusly duly sworn, was axaninca 34°
testified further as follows:

CHAIRMAN WOLFE: The hearing 1s resunad.

scfore we proceed with the cross~uxaninetion of
Mr. Stippich, the Board has a ruling to make.

Oa February lo9th, 1379, gt Tr. 2B 1315, N,
Gallo cbjectad to the admiagion of Ztaff Bxhibit ¢. maxled

for identificaticn. which was and is che aiffidaviic of uir.

Karlowicz. The objection was overrulad. Unlike the Staff,

Applicant had not objected on the arounds of irreievancy

when on October llth, 1378, Mr. Woodard, at Tr. page
asiked lir. Karlowicz:
"Do you know of any atility that is gaztin

“d

percent return on common equity?”

Mr. Gallc only reserwsd the right to cisct
on whether or not the affidavit which the Board had ow

should be furnished, reflected "stralghtforvard iafor

The objecticn voiced by Mr. Galp ef thn ir
is tco late and is overruled.

IoWever, upo:: reviewing the cranscrizz
tahrcugh 4671, and nsapecially the wolowrcs testlincony

Pheirg
1866,
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October 1llth, 1978, at pages 4657 through 4671, we must reverse
the ruling that we made at Tr. page 4667, when we overruled
Staff's objections to !Mr. Woodard's question as
Karlcwicz.

The question as put waz well outside =h2 szopa of
Board Question 18-1, and is thus irrelevart, 3o we sustain
Staff's objection at Tr. page 4666, and we withirsw our
direction to Staff at Tr. pages 6668 and 6669 o submit Mr.
Karlowicz's afficavit and withdraw our ruling that upon
reading the affidavii, both Messrs. Wocdard and Calio would
have the right to request that Mr. Karlowicz be retu-ned for
cross-examination.

Pe always try to make well-grounded and reasoned
rulings. When we don't, we will reverse, and we do so in this
case because in this instance we see no connection between
PSC's rate of return on common equity and the Beoard’'s questicn
which merely and narrowly queried whether PSO provided
different data on covered ratics for bonded debt to NRC and
OCC and, if so, what is the reason for the differenca.

Excuse me. Tne transcript pages thaz I read as
being 6668 and 6669, correct the transcript pages in our
ruling, I cited transcript pages 6G83 and 6669. It should be
trancecript pages 4668 and 485¢.

All right, Mr. Farris, ycu may

g}
)

roceed with your

cross-examination cf ilr. Scippich. :

—— L S ——— e — e . ———
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" within a 25 degree arec out from a turhire?

CROSS-EXAMIVATION {Continued]

BY MR. FARRIS: }

= b g - 3 - “ ey - o " - JCSPTNE | e e v H 23 Be.»
Q Ny, Stippich, were vou z2bdle “o fiad Wi X 28 ARy S o
OX any <data concerning the axpectesd di:s<cibution of wissilias :

}

!

A No, sir, I could find no spezific reforernze. On ?
reflection, I believe that that ssswomtion can ha justifisd !
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stages, starting from the inpernost stags oubvwar <
out to the last stage, whizch is the laryast of ¢he “or preszure i

stazas.

disz.

massive digk attached to the yotror, arnd cn

the d4isk are attacned #ha turbine blades.

4

This is typical for each cf tha

0]

do wvary in size, incrzasing from tha firse
lag:t stage so the first stage is the sralles

stage is the largest.
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consists of a diannraow way zhat

aiaphracm ring that is at tie daxer

wrasoery ¢ the Llow wressnze caslivg.
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In between the two diaphragm pieces are veins
that the function of which is to redirect the flcw of the
steam into the next successive stage.

The last stage i1o0es not have a wab ring
nor does it have a diaphragm web or a diaphragm ring on the
out-board side. It has on2 only on the in-board side.

Furthermore, the wrapper of the low pressure
turbine which surrounds this whole entire assembly does not
extend completely cver the final stage.

As a consequence, when a fraoment, if tha las-
staje disk should fail, when the fragment starts ava
the shatt, it would have a preference for the plane normal .
to the original plane of the disk, but upon striking the web
which 1s now only on one side, it would be deflected, and then
upon striking the diaphragm ring, it would be deflected still
further to the outside, and then-finally, since a ' ~per
does not cover the last stage disk entirely, it would be
deflected further to the out-board end, which would tend to qiva
the bias of the distributicn tcward the outside in, and I think
on that basis that the uniform distribution of the directional
probability for the last stage blade is a reascnable assumption
for the distributien.

[Pause.])

SRR —————
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Q Mr, Stippich, if you expect that any turkine
misgile genecrated would be deflacted two or three timas,
wouldn’'t you expect thac tﬁe digtribution nav ke -~ tead to
be concentrat2d %toward the outside anagles?

MR. NELSON: Objection. I cdon't believe the
witness testified that it would be deflected “two or uhree
times." 1 believe that is an erroreous Interpretation that

Mr. Farris has added to the testimonv.

MR, FARRIS: I thouaht he said it would h2 deflacted

as much as three times. g
CHAIRMAN WOLFE: Address that auestion firsgt
then, to the witress, Mr. Farris.
e BY MR. FARRIS:
Q Mr. Stippich, d4id you state that the misszile was

likely to be deflected as much, or as many zs three times?
A That wasn't the point of the statemzsnt. The
mizsile is going to interact at -- in a randem fashicn. It
could interact as much 23 three times, but not nscessariliv.
It is a random thing. It 2imply tends to caus2 the missile
to favor an outward directicn. That was the main point.
Q You stated, did yor not, that vou would expect a

bias tcocwarsd the outside angles?

A I said, "in chat direction,” I believe: no:t +thas
it would be ai the cutside end,
1} Aad tnis is based cn vceur insuitive jvdament?

B e T RNEN——

P P e——
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A Yes.

0. About what would happen vhen a miszile is
gereratad?

A It is based urcn an intuitiva Yndaqoant chax

sucports -- that is suppcrted by ithe Wastinghouse :tudlies
and by the assumptions that have becn made in ochoar

licensing proceedings where a uniforn distributio: Lizs been

assumed.

Q. Again, theugh, vou hava nno data -~ no ampivical
data that would show what the distribution in fact mav Ha?

A o, sir. I, I don't, scazecifically.

Q It is true, is it not, Mr. Scivpich, that tha
initial inertia of the missile would tand to be at a 90-decrze
angle from a longitudinal axis of the turhiae?

A That is the plane ¢f the disk, vas.

Q Is it your taestimonv that vou exdec: aat any

deflections or interacticns weuld overcome that inercia to

such an extent vou would expect uniform distribucion?

A I believe that is the way I testified, ves.
0 Mr. Stippick, by "uniform distrihution” Jdo vou

mean that you would exrect as many turiine missiles to travel

.

on exactly an angle of 2% degrees as at

P

By "upniform distributicn."” I mean :hat %Lne

directionzl probability cver <he surface of tha inverted cone

half ¢f the cone zxtendirqa thicucy L20-dearze ave around th

1 » $_ 2% 2 i -

axis of the turhine, I would expect thz+ the poobalhili

o
A
.
~s
]

A o ——— Y — . - — ——
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any directica for that missile weonld b2 equal.

0. In other words, it iz just aa ilikelyv that a

Turbine nigaile eould =it the contalmwreny Srom ansther unis

dg it would be to hit anv otier sirnotures withia chal

arc of the same siza?

A I didn't sev chat, no. Rscause tha dirsgtion
probability is not a linear functiou of the strike prohability,

Apd I believe you were referring us the strire purobabilii

were you not?

Q Mr. Stippich, i7 vou have uniferm Jdiscyrd

containment is within that stiike zcue tha prebability

striking che containment would he directlv pronertional

-
L.

o)

the size of the containment to the area of thie strike zZona

A If I understard what veun arz saving. far a

probabilicy of a one-square-foot -- of striking a one-s7

fcot area in the reaoion ¢f the ceatainmsnt, the wrohaidil

e

of striking the containment would then b2 the i
containment times that one-smuars-Tocot prcehabiliev, ves,

that would be correct, times :he susceptille area arf the

containment.

4
~

“)

e ——
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unit could only be struck by low trajectorv missila f_om the
othar turbine; corract?

A No. It could also be szruck by a hich trajsctoery
missile from the other unit.

0. I mean, from a low trajectorv missile cculda only

be struck by a missile cenerated by *the adjacent upit's

turbine?
A Yes, sir.
Q. But hoth containments could he stiuck by =z high

trajectory missile., possibly?

A Yes, sir.

Q In your testimony on page 2, Mr. Stippich, the
bottem of the page, you define a "high trajeztory missile
as "one which is ejected nearly vertically upward and falls
almost straight downward landing in the plant area.”

A Yes, sir.

Q Do you consgider 25 degrees off of a straight

_ Vertical line "nearly wvartically upward"?

A No, sir. If it had that initial elevacion, it
would pass a -- a high trajectory missile would nass over
the containment and land a considerable distance awav.

0 So is vour dafinition wrong hare, then? Thar it
is one that is "eijascted n2arly verticalilv upward"?

i No, sir. It has to b2 ejected nearly vertically

upward in order to fall in tnhe site region, That was the

ey

. oy -
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point. In order to fall on the containment.

Q So you don't mean this stutement to Le de
2 hich trajectory misslle?

A, No, sir.

Q This iz the only kind that has the probability of
falling on the plant?

A That is correct.

Q What sort of angle, or what would be the maximunm
angle that a vertical missile could travel bafore it would

hava a chance of falling in the plane zvea

A I don't know. Tt would dapend uvon ke valozity.
Q Assuning the maximum velocity -~ which I keliev

vou have assumed is 500 feet per second in veur testimony --
A Yes, sir.
e -- can yvou tell me what anale, what would be the
maximum angle or the -~ from what dearee tn what decrae
would there b2 a nrcbability or likelihocd of the turbine

missile €falling within che plant zrea?

o
O
5 1

A No, I couldn't. That parkticular range o

L
'
(&N
-
0
™

degrees doesn't enter into my calculaticns, so I
calculate it.

Qo It is true that if it

o+
L)
»
-
3
I
.

cartain angie, .there would be uo preobabilicr of 1t falling
in the clant area, but it weuld be eupicted Lo ¢lear tne
plant area?

A Yeos, sir.

———— - - —— a—
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Q It would He something between zero degrees and
X degrezs for those missiles that would be generated that
would be likely to strike either containment?
A Yes. wWhatever X might be, that again is going to

depend upon the velocity of the missile, and that velocity
can range from zero o 500 feet per second as a maximun.

Q Mr. Stippich, 1if you will refer to the drawing that
you have attached to your testimony, it shows the relaticnship
of the two units to the turbines and the 25 degree angle,

A Yes, sir.

Q What, Mr. Stippich, would be the angle, if ycu can
tell from your drawing, or if yocu know from other sources,
would be the maximum angle that would clear the containment
structure itself?

A You cannot determine that from this drawing. This
drawing is indicated -- is intended to indicate the low
trajectory missile strike zone. We have been discussing

high trajectory missiles.

Q Let's go back to low trajectorv for a minute.
A All right.
Q If we were to draw & .ine from the turbine

tangential tc the circular containment, do you know what the
angle would be between zarc degrees and that tangential line?
A Projected on :he vertical plane?

n On the horizoatal plane.
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MR. NELSON: I am gcing to object. I don't

believe the question made any sens2. He referred %o tha
turbine, that is tangential to the contalnment, anc tlen b2
referred to the tangential line, and I beliieve the wiols
guestion was just confused.

MR. FARRIS: I think I talked about a line fZrom
adjacent or from the adjacent turbine unit. I didn't mean
from the adjacent unit, the other unit's turbine, drawing a
line from that point tangential to the c¢ircle, within the
contairment, and I asited him %o tell, if he could, the dagress
between that zero degree line and that linz or an arprodima-
tion.

CHAIRMAN WOLFC: Do you understand the guestion?

THE WITNESS: Yes, sir.

CHAIRMAN WOLFE: Objection cverruled.

THE WITNESS: No, sir, I cannot tell you what that
angla is. It did not enter into my probability calculations.

BY MR, FARRIS:

Q Looking at your drawing, would ycu say that it wouléd
be as an approximation that that angle woculd be no greaterx
than 20 degrees?

A Roughly, that would seem to approximate that angla.

Q In other words, to strike the containment, 2 misdle

[{Y

would have teo travel at an angl

20 and 25 degrees?

— L a———— - ——
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A . Yes, sir.

Q Roughly?

A Roughly.

Q I assume your probabiliiy calculations than Zox
striking the containment would assume that ratio of using
uniform distributicn, then, of approximately using 20 uo %5
degyrees, one tc five ~- one out of five would L2 in that araa?

A Actually I used the solid a-yle suabtencdsd by tha
wall of the containment.

Q what I am aaking, Mr. Stippich, is assumiag that
20 degrzes is the maximum angis out Irom tha turbins whieh
would -- which a missile wcould begin %c impiangs urca whe angle
of the area in which a containment would be found, then using
that figure, we cculd say that one out of fiva, asszuming
uniform distribution, one out of five turbine missiles could be
expected to travel, whether or not it strikes the concainment,
would travel within that five degree area?

MR. NELSON: Objection, Mr. Chairman. 7T £find it
higaly prejudicial chat lxr. Farris repeatedly mischaracterizes
the testimony of this witness.

A

Now the concept of uniform cisktribution was givan

“ the low

“

in relationship tec the hich trajectorv missila ind ne¢

s 1 v F e 4 9= : a3 ine - < - e s - - = . e
trajectory mizsile. I think it 1s a miszpplicatiorn and a nis-
: : — < = s - ~ v . D R T . = - -
intarpretation of the testinony a.rssdy Civan, anc LT <

prejudicial o this witrass.

- ————

-
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MR. SHON: Mr. Stippich, did you aszune a

Aistribution with » o thi degras angl

THE WITNESS:

CAAIRMAN WOLFE: Do you withwdraw
WNelson?

MR, NELSCN: Yen.

BY MR. FARRIS:

Do you understund

MR, SHCKY I thinx

hara., You seem to be Lhinking in

ways of looking at the probasilitias, lw.

Stippich seems to be. The uniform distyibution
Stippich's view is over a =olid angla,

an angle definable in d in steridians
or some such thing.

sortion of this 25 dsgree angla

the disk is intercepted, nut

ticn angle which is an anglie

aiso intercepted bv this,

That is the sort of thing von

My, Scippich?
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but he would never really arrive at the number that you arce
trying to gensrate, 1/5 of the total.

MR. PARRIS: I dién’'t mean ko say thac ong out of
five would strike. I meaant that one outr of
least within thé five degree angle and have the prchabilicy ol
the solid angle plane. and then we have to factor ianty the
vertical plane.

MR. SHON: Yes.

KR. FARRIS: I undaerstand that. I may net e clear
about it, but I uncerstand wha: vou arc saving.

MR. SHUON: I see. The question i

u

valid anéd you want to approcach it both ways.

CHAIRMAN WOLIFE: Do you understanéd tie question?

THE WITNESS: May I have =he guestion repeated,
please?

{The reporter read the »ending gquesticn, &s

requestai,]

THE WITNESS: Yes. If you just considarec 2 unit
elevation, that would be “rue. I don’t know hcv that would he
helpful in arriving at ihe strike probubility of
trajectory missile on tiie containment. At ZXeast

the way that I had celculated it.

Q SiY right, six. bve it . aur firgt sced

e
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in.the area from the horizontal planz up %o the top of the
containment , taking into zccount the zrea oFf that vept,. correci
it would be sone range of those two figuras?

A I belisve sO

aatory

=

L

Q Bv the same tokeu, *nen. in the high Zra

. - b TR o T o
to trave. wiLhin a4an area

we could expect 1/5 of the missiles

from a vertical line of zero tc 5 degr=es, cculd we not?

W
o
a }
»

A Yes. If that five degreas covered the
range frcim zero to 180 cegrees arcund he ais o
and we ar2 talking aboui five dégress ontward Soop wh: lar
of the disk, ves, si:, that wouid ke ccryectk,

Q From the plane of the disk cutward, asswning an
outward turbine disk? .

A Yes.

Q That it has the same cconstrainta zs2 23 iscrees?t

A Yes.

Q In a high trajectory missile?

A Yes, it has.

Q And then we could asowwe from zarc o
we would expect tc see /3 of tle tozal missilas cornelated:?

A Yas.,

Q Assunming uniform distrivuciop?
A Over the antire 180 degrea arc; v&s AX

=R §
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Q And if we assume that, in order %o be able to
strike any of the nlant area, a missile vould have %o bhe
generated within 0 =o 5 degrees, or would have to travel on
the path of 0 to 5 degrzes, then we would have, for a high
trajectory lob, both plant areas or hoth units, therefore
both containments, subject to a strike within that area, or
from a missile generated within that aagle?

A I think that many of the missiles that -~ again,

looking at the entire 1l80-deqree arc, manv of thz missiles

==

within tha: arc would either he low trajectorv nissiles, or
missiles -- high trajectory missiles that would be projected
far beyond the immediate site region.

Q That is true. But within some angle off of the
vertical, there would also be an angle off of the 180 decrees
right or left, some angle between 0 and 130 degrees -- I'm
sorry, between 90, I guescs, and 072

A All right. An angle near the vertical would --
ard 5 deqgrees out from the plane of the disk, would have a
probability of landing in the immediate site area, and coulc
land on either contairment, ves, sir.

Q I quess my point is, Mr. Stippich, with a hiagh
trajectory lob in two potential arecs effscted, z27d assaning
your uniform distribution is corrzct, I find it hard to
understand why the protalbilities o a centainment siructuve

being struck by a turbine micssile -~ why those probabilities
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1 are the same. Can you explain that difference? 0r, explain
i
.’ 2 the similarity?
3 A I don't understand thz guaactiocu.

Q All richt, let me 4rv toc maxa it heutar.

I

A high trajectory lob can nit either ccniainment,

-

potentially

2 7 A Yes.

8 Qo A low trajectorv missile, assuming the 25-dzgree
9 congtraint is wvalid, can only hit one contailnment?

‘o A.a Yes L

1 Q And for that nmatker, a low trajectory cooulld only
hit the other containment ~- the cther unit's conzainment
12

’ 12 r from a2 center point, the outside; wher=2as, a high traizctory

14 would have the ability to hit +the containment at any ncint,

15 would it not?

16 A I belisve so, if I understand.
Q. So I don't understand, and I wouvid like fovr vou

17

18 | =2 explain to me, for a2 high trajecteorvy migssile thers are twe

possible sources for a missile b2ing genarased, and :there are
“ two possibla targets, and both taradets have a larger area

»

. exposad to the missiles.

I You savy "two possiblie 3curzes.? OCn a per-tusbins,
22
Vg par-vear bagis, no, thsre ig onlv ¢z scurce. I iz =
1" 23
’
]
: that you conld hic ¢vo containments, bt g daternine the
! 24
]
!. 28 | orokcability there gimply muleinly the prabability v twe
§ dh

S E———

s
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1 and that will give you the probability for two contalimients.
‘\‘ 2 Assuming tha: the prrobability -- tha =rza of

3 probability is the same for each of the coausi;iunts,

4 nos be:; but for a wide rangs ¢i that ndosils g2ed OF O U0

507 feet per second, thers is a rance af probability fox

5 both containnents for a high trajectory mis-ils sirike on

both containments which would bae viritually che zaas.
Q. Are you saying that, with Twe ualcs the prod:
+ ties are doubled?

A For high traiactory missile sirike, 1f vou ~oubls
10 4 .

' the area, ves, vou double the probalilicy »% a seciis.

12 Q Mr. Stippich, siace you have tyo gotaatinl scurces

’ - for a missile being gznerated, you would dcubla not eoaly the
™,
- 14 A end two tarcets for the missile te strike, ycu would Iouble

not only Pl but P, as well?
15 2

. A Not at all. T said that thers would not be two

socurces. There would ke onlv one source Zor & turbing
17 “
. and we are looking at turbine failvres por year. That .s
1

| oo

20 Q But with twc turbines, ths probability of a

E containmant at Black Pex Station bzing stiuck, or rather the
z21
probability of a missile beiny gensravad by 3lzck Ton turd.as

weuld be twice that prebebility, worlda't i, Ia & given

‘ MR, SHOM: =& think the difffoeliy arisas in that

PP USRS ——

P—

e ——— - — . s —— 7 T — o ] o~

- . ————— . o
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Mr Parris wants ta calculate
containment strike far black
ccutairments; and vou want o alsy
ment' which i . #ly ecne psacadno

He has an additional ¢

gincle containment strike, Hut

5
6 thers ars twice as imany turbines
7
a8

for the second containment. :

i0

1 2

i2 want to talk about probebilities par zcacior or par siscica.

..

. 13 “ And I think, since the tarms wa have nsuallv usad hove Sean
<

LY Ve

. 14 "per raactor” and the staff usually evaluazes iz barys of

i5 per-reartor~year, not par-station-vasr. sines thers nichs

be many reactors at a station. it i3 probablv well oo izep

16

\d
o

with the caiculation that Mr. S8tippich has hesn dcing wii

17

18 includes onlv one contaianent bue “wes ssurcsq,

3 ; )] - < 4 X sz om  eyemgd suw
Alsc, Mr. Chairman; I was vador

re

;d that Mr. Stippich dascribed it in terme oF 2n: sowres, ra-has

oy 4 4 & - . - - * & ey . 3 . - e N - . s . £
5 ther one coatainment. Farhars i+ wrulid vell o slizrii
21 '
i@ terms,
. % i ; ¥ LA rL) g S j
e WITHESS: I was desouill i &=l wLo2
=3
sSQrxrsee aad EWO Conairmpveg But ff te =l sane.

N

P
o
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from two different scurces if they are hich trajectory

micsiles, can it not?
THZ WITNESS: Yes,

MR, SHON: That is

an accident per year is Jlepeundent on th
sitting near anothar turbine, also.

THE WITNESS: Your point is well taken.

MP. SHON: That is one way *+3 log
containment for two sources for hivh era‘ectory.
containment for only ona sSource for low trajsctory.
that make sense?

THE WITNESS: Yas, it does.

MR. SHON: Has that straichtzned anvihing cut?
Cr rade it more complex?

MR, FARRIS: That is what I was gakting a=.

BY MR. PARRIS:

Q Then your analysis is realiv most valid for a
single-unit ruclear power plant with ons +turbins sanfigueracion
and one containment.

A I think that Mr. Shen's wav of lookine at it would
certainly be rational -- althouch I don‘:t #h'nk thas #ha
results would change. I tiwink that the probabili=ice weuld
be identical. It is a question of vhether veu mulsiniv tha

érea cof the containment 5y 2, c¢r simply dcuble the praobabi




of a fallure per vear to acceunt for two gounrces, And o

woild agree :that, yes, that is a

a &t it, and a halpiul wav wo 1ucl
A ‘ tha result of the znalysii.
5 r 2 Are you seying, Mr,. Stiopich, hiat taa posaibililiy
b, 6 of a turbine missile strilke on contcinmant xt he Diasl Pex :
: 7 Station =~ a two=unit astaticn -~ would La ine s¢ 12 0T a ¢
|
8 ena-unit station? ;
9 A No, sir, I didn’t say thatl.
10 o Yould 12 be gyreatss at cie Hlag Yoy
11 ‘ A It would e ureater for a ho-inls gmasioy S ;
|
end w4 12 fox a one~unit staticn, vas, by a faceonr af 2, i
¥
L} s |
14 i
i
5 ;

19
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0 Mr. Stippich, a high trajectory missilie would alaso
have less or fewer barrisrs to go through to exiv cthe turbine
building and to enter the containment?

A Yes, sir, it would. The barriers along the sides
of the turbine rim are not highh enough to intercept a high
trajectory missile, and we have not taken credit for anv of
the turbine building roof structure in impeding the missile.
That is a conservatism that is built into the calculation,
although it would indeed have to punch through the turbline
room roof.

0 Mr. Stippich, you indicated earliier chat vou relied
to some extent on your judgment that turbine missiles wvould
be generated in uniform distribution over *““eir angle of

constraint,that You relied on Westinghcuse's turhine analvsis:

- correct?

A That analysis was the one tl.at describhed the 25
degree restraints, :.he Westinghouse anilysisz, ani that has
been considered to be applicable to all nuclear ~aits in a
number of licensing applications.

Q Mr. Stippich, don't CE turiines have heavier wheels
and buckets than Westinghouse <urbin:s?

A There are differences, but it wouldn't necaesszarily
affect the distribution cf the missilas or of the fragments

of the wheel in the event of a turbine failure.

O
.
[ ]
-
| 5
 E

Q Mr. Stippich, how many low pressure sectic:

—m— e e s —
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the 3lack Fox turbines have, each turbine bnildiug?

b There would be thres low prassura gz22tions, 1o '

praszure hoods. .

S O p

o Is each low pre:.svra section consldzrad = murhine

for purposes of statisticel probabilicies?

e e — e 8

A No. The statistics are bascd upon uaies which
inciude the eatire turbine generato: unit,

) The turbinss have different ~- tnd a2re larger,

® © N O -

have different -- some heve more turbine low nressuvras cochisas

10 than cocthers?

i1 A On Black Pox, nc. Th2 Lwo urits szras léd-atical, 7
iz Q In the genaral turbins vopulatica?

. i3 A Oh, yes. There is a differercs. ‘
14 Q Would you say that the more turkine sections thers
15 iI' are,low pressure sections, that the greater probebility thera
16 || is for turbine missilas heing gensrated?
17 p=Y The statisticé 4o not indicate thac, no. ;
8 MR. FARRIS: 1’2 have no further questicns, (ir. :
19 | Chairman. We pass the witness.

CHAIRMAN WCLFE: Mr, Nelson. redirect?

REDIRECT EXAMITATIOU

B TP —

. R = 2 an H s 4 B e e A w8 .- ™
Q Mr. Stiveich, iu cuestioning yssterday, YN, Parwic

B - —— g -
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A Yes, sir.
Q Have you had an opportunity to review the second
article?
A Yes, sir, I have.
Q In the second article, did Mr. Bush make Zfurther

findings with respect to the key 1 value that he hcd predicted
in his first article?

A He says, and I guote from the iast paracraph of
the article:

"The preceding values using more sophisticated
technigues compare favorably to the volume predicted for 1977
in the earlier report; nemely a failure rate ZT of about
7%x1073 turbine year."

I would judge this to mean that he was satisfied
with the value that he had given in his previous paper, and
would not change that value, that it still representad a
reasonable estimaée of turbine failu;e rates to use in turbine
missile analysis.

If he had not meant that, I am sure that he would
nave said what value should have been used in the analysis,
other than the one presented in the first paper which has been
used in many, many licensing applications.

0 Mr. Stippich, referring to the paragraph immediately
precading what you read “rom, did M:., Bush provide numbers

for the Py valge?

U ————

e e+t

-
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A Yes, based upon the method that he used, he
concludes that the range of probapilities - sould be 3.2x10753
to :‘s.lxl(J"4 par turbine year for a turkin: population
corrected to be relevant to nuclear reasrers, and ais criginal
value in the first paper [f:lls within tahat range, which is
undovbtedly the basis for the statement in the succeeding
paragraph.

I see no r2ason to change the valua for turbine
missile turbine failure rate.

Q Mr. Stippich, would it be vour iaterrre-ation
that from a mathematical and statistical point of view, tiat
it would be appropriate to select cne of the values representing
the extreme of this range that ¥-. Bush hasz given?

MR. FARRIS: I object to the form of thal question,
Mr. Chairman. That is a leading gues+ion.
CHAIRMAN WOLFE: Obiection sustainsd,

16

17 8Y MR. NELSON:

18 Q Mr. Stippich, you indicated in vour pievicus

19 answer the numbers that Mr. Busia had provided in che ar:zicle.
20 Would it be appropriate to select anvy on2 of these valuas?

A He made no -- stated no prelercnce for one 7alue
over another. GHe stated it as a rang2. AGu.., cie ra.usy
given here are two significant figurzs. Parhaeps he intended

to leave thar for the reader to zound o571,

‘ i =nink the point hera, though, is thac ia nmy

. A A A D A o A S T — — s G 8 el
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Judgmant, reading the article, that he was satisficd with

s ¥
]
‘-' 2 the number that he had coma up with in the » aceding stady,

3 || and he gives no prefererce for eitaer one of ~hire muriars

4 liniting the range.

5 Q And does the rauge thing repieseant 2 rauges of

A 2§ P P 4 S BT

probability?

A It represents, or .t could reapresent the axtrenss

@

of failure probabilities and, indeed, h. used the Weibull

9 method to detarmine thizs. and the Weibull mathod iz

)
b
- !

W

1]

i

b

(g

Ww

10 || value method.
1" So. again, the most lilely astimane ts L: vsed
12 in the turbine missile analysis would fell within wlat rarge,

"'h 13

5 14 Q Now in the analysis you perforied, which you had

but it isn't likely that it would £all at those extraemas.

15 dezcribed in your testimony, what value did vou attribute to

1 the ?1 factor?

07 A The turbine failure rate, :he overall turkine race

18 1074 per year.
19 Q Is that value within the ronce that My, Bush gave

in the secord article?

8

A Yes, it is.

n
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Q Based upon vour raview of Mr, Bush'sy second
erticle, ar. von gatisfied that the valua 722 selorwsd is

on’?

.

still a valid@ assvunt

A Yea, eir.

Q. Would you axplain chot, plansa?

A I quess I would hava ¢o cxplain thet on the hozis
that the populaticn of the actual nucliear units that he
uses iz rather gmalill., Ané, that in all probanility ¢the
pracision that is given in the articla iz not zeal; that
pezhaps ona should zound oif the rumbers te a lauey icalil
cant figura.

830 doing thaz, the numbers would ba ceaent.all.

the sams in the second article 28 in tha firse article

Q And if you were to rouné off tha values givea oy
Mzr. Bush, as you just describad, what would the rounding of
result in?

2. A prokability cf about 10

0 Is that what you used?

PR Yes, aixr.

(0} Mr. Stippich, in cuestionias this morning

Mr. Parris asked you, with respect to the harrizrs whiech

would have o be perforz:ed bv a hiun trajzctorv mizsile, as
conpered to & low trajectory missil«.
Can veu guantifs for ng sne thiskassz of «b

Parziers, caking Zirst tte low +*rajactory missile

——

g — e

S p——
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—
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A Yes. After z hymothetical missile punched chrcuan

tha curbine casing, it would have bo parforses a 2-172 feol
thick radiologimal shield aleng the zide of the Lirbine
rocia, and then it weuld have to perfovace c~roet=thiah
shield building wall, and hen just =stop slicrc of thas -=
perforating a l-1/2-inch-thick mild scecal couislaneni: vea:al.
Q Ard when you say "stop short," vou mean thagv if ic
did perforate the coatainment buildina, you vonld <Lem : ! 3
have a damaging strike?

s o - 1 % - < .- . O R | veead P om
A That wovld be considereld an uracc.suus airite |

<
W

|
0 In the case of tinz2 high trajecvery miseils, ecan | ‘
you quantify for us the thickness of the barriers +=hac woulid |

\

- s —

have to be penecrated?

A Again, after leaving the turbine cas’ng, the nissi
would have to perforate the 2-foot-thick zoof of the shlald
building, and the 1l-l1/2-inch-thiick ~- ston jusc shore
perforating the l-i/2-incrh-thick niléd eteel ccnzaimm-ne veaa%lﬁ

0 And again, if it actually did pecforate the laiter, |
it would then be & damacing =trike?

\
.8 Yes, sir. i
i
Q Mr. Stippich, I believe M., Farrzis alzo askad vou

thet would strike the containment. An2 in answar. vt .

respontad that 7ou had net calcouliataed chat, Is thas aotrass

-3
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A Yes, sir,
4] Why didn’'t you calculate that?
A Recause it didn't enter iatec my ca2loulations in

calculating the striks probabilirny,
Q Are you assuming that all migsiles vithin the

25~degree-angle distribution would gtrike contaiiment?

A No, sir.
0. What are vou assuming, then?
A The assumpticon depends upon whether you ars

coneitering high trajecteovy missilss or low trajectory
miesiles.

In the case of low trajectory missiles, it was
based upon the ratio of the solid angle subtended by the
protective structure to the total solid angle of the pecssible
missile directions.

In the case of the high trajectory misziles, the

probability would be a function of velocity, and with -- and

the direction, as well.

So the two are entirely diffarent conczdts. One
is based upon the trajectery of a -~ from a classical
ballistic standpoirtz; the missile is prolected into %“he air
and comes down,

¥ow the original angle 2and the velcocnity determines
the point that that will fall in. 2And if you take thea boun-

daries of a uvnit, =so0lid angle that is near the vertical, and

- T T ——— R—— R R AR



7829

determine whers the missile would styrike in the plant sits

-

region 2t each of the four cxtremisies of +hot =zolid ancle,

assuaing a roughly :zquere arsaa, then that weuld &efine the

strike area for the fractica that the unit’'s seolid ang

i3
ot
)
o)
fu
o4
103

to the total sclid ancle.

v

And that would, by dividirg tha: by th

i

A tal .
: «Lval ares,;

{

then you could come up with the squars-foot strike probability

for that particular miss’le in the plant site,.

Q Yasterday, Mr. Tarris asked you a questlon. I am
refarring now to page 7772 of che t-oneecripe. I will =23d it i
verbatim: "¢ And would vou assune, tcharefors, tiias #ha
lack of éhy nmissila being generated at 2 nuclear power nlan®
thus far is ipsignificant statisticzlly in light of the
numbar of turbines that are baing used in coanecction with
nuclear power plants?”

Your answer, !ir. Stippich, was: "A That would

ba ore presumption, but not aecessarily the only one, that

could e made on the bDasiz of that dz+a.”
Do you rzecell that gquestion and ansires?
A Yes, sir.

Q At this time, Mr. Stimpich, would vou irdicate what

othar presumntions coulé be nade?

2 That the ertire wepulation oFf nll turbisess weould ke
- . I % vy = T - LR - U oarde & v o v TS < > -t .
rep:usantativae of the nuelcar populstion g 11, Ve CioUs

-a - - . - e . 3 Tes - . . . -~ . - - - - v-‘—
the nuecizar vobulation renrasented caly a sia’l nerceat ¢f =he

-
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tctal population.

And I think that this has been verifi=d by Bush's
recond paper where iandeed he did trv to cuantify, or
characterize these failures tha’ would ke applicable to
nuclear turbinas, and indeed the probability was the same for
nuclear turbines as for the entire turbine population.

Q In questioning this morning, Mr. Farris asked you
about the 25-degree angle of distribution in the ccntext
of its having been developed in a study by Westinchouse, as
I recall. Do you recall that?

A Yes, sir.

Q Are you aware, Mr. Stippich, of whether the staff
has accepted this 25-degree distribution as applicable to
nuclear power plants?

A Yes, sir, they have. It is part of the staff
position as indicated in Regulatory Guide 1.115 on low <rajec-
tory turbine missile protection.

o In questioning vesterday, Mr. Farris asked about --
if I have the terminology correct -- the radiclytic decomposi-

tion of water in the turbine arsa. Do vou recall that line of

questioning?
A Yes.
Q Correct me if I am using the terms incorrectly.

I think you mentioned that there would He a short-lived

radioisotope of N-17. Is that richt?

i
!
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A N-16, it should be.

Q h 4 sea.‘
And the mestion he raised wazs whetner :his would
poss any problems for maintenance in the turbine acea.
And, as I recall, vou answerad that: "It might
make maintenance more difficult.”
Is that right?
A Yes, sir.
Q As a result of the difficultr for thz maintenance

L ;
inion that tiaeare

that you testified about, wonld it be your

y
o
L3

would be a higher incidence of missile turbine failures?
A Not necessarily.
I think tﬁat steps wogld be taksa te overcome
that difficulty. The isotope in ques=zion is short-lived,
and it decays rapidly. That helps to take care of zome of
the difficulty, and it is just a question of using maincerance

metiods that are designed 0 overcome the difficuluv.

o ——— ———y
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Q Mr. Stippich, in respocnse to 2 guastior, I helieve,

askad by Mr. Shon yzsterday as tc
anzlvsis, and which you are dascribiag ir
factor of P,, 1 believe ic va: vour mectin
the iow tnaiectory

case of the high trajectory missile and

missile, you found a vaiue for P, of 1073 .. ;..

ia that

¥
{
™

2
right?

A Yes.

Q Let's take the high trzjectory miscile Iixst,
Can you t=2ll ;me whzit gpecif ¢ value ron fouad feor
the P, factor?
A That woulc be 5.ux10=4 per ceoatainment .y Lwo
missile sources, in the context that Mz, Shon guve tha2
probabilities.
Q Were yocu finisaed?
You are saying 6.0x1074 aad one cazn view tals

either as a single reactor with two s3o0uzces, or one
and two containments as a target.

A Tes, sair,.

Q And this represents the P value for tne high
trajectory?

A Yas,

B
S‘:.

Q Could you ex2lain, please, 2oy von derivad that
fijure?
A The £irst stap in the anszslysis was 2o determine

the values vor fouand ia woux

vourtastimenay for =zZhe

-

e @ - — et




gontainmant, 2nd that wouid
ment.
This is Lalten a:s
and this was arrived at by
conzept in requlatory guide 1.3,

T believe that is Zechti

Sc you hadé this Zazior
cause dJdamage?
What was the rext 2tep then iu
A The next stap was to decesrmine
strike probability in the immedlzte °ri
“he velocity that corresponded o the

velocity.

Q Could ycu give me the valuc:

w2 are going along?

A The minluum
mizimum speed reguired
hpuilding and
vessel aead o

(\
4
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6.40x10-8 per square foot.

MR, SHOMN: Mr, Stipprich, would you say a vord ox
two more about how that particular calcalation is carvied ous,
how you get f£rom the velocity to the probabiiicy?

It seems a very complex thing to ne.

MR. FARRIS: Mr, Chairman, I wish the wilness
would identify what he is referring to as part of the answer

to that questien.

CEAIRMAN WOLFE: Mr. Stippich, what are you velerring

TEE WITHESS: I am referrinyg to my wovking

MR. NELSON: Mr. Chairman, I am o»repared to provide
copies of the work shc2ts he is referring to.

{Counsel distributing dccﬁments.]

MR. NELSON: I would like the record to reflect
that counsel for Applicants hae provided copies of the worlk
sheets to which the witness is referring in giving hig zalcuia-
tions.

THE WITNESS: This se¢t of work sheets doss not
indicate the method used t+o calculate the ..it area of
probability. That .s the one that I attempted {o deascrikce
earlier in my testimony tbat.is based upon tihe miszile

velocity and the ciassical ballistic fozmvla, so if we start

)

ratio of that unit

Q

v

with a unit solid angle and tal.e th

{

angle to the total solid zagle,calculate ©he area cthat a

e
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missile within that unit ancale

ground in the landing zonz, than that is #he urit szrce
probability.

M, SHON: You are taking zuc L2 probkabilivy
as dependent upon the ratic bewusen the avez o>f strilie and
the total area of the target zonz?

The probability has to be dinensionless te Lkagin

with. did thiz z¢

You don't have the gh2el: wherein you

calculation, oxr 4id vou lock it up, or what?
It seems to k2 a varv ccuglex caleuistic yzin

lot of assumptions.

THE WITNESS: I really don’t think it is,;

chiag, and isan't

If I could explain it, it is really a gznaric

that peculiar to my missile analyzis. has been used in many

analyses before and --

. -1 e b/
By . i Ha - = Neaa,
MR, SHOM: Very wsll. Go ahead

, ¥
e pd aee - 3
aavring n

THE WITNMESS: The difficulty am

communicatinc that is, I think, the probler in communicating
my description.

was to conputa

I would like to == what I have Zone

the actual landing zone area for z2n angle at zhe oriain
+hat s richt at the vectical, that if 2 =missils waze 2507 acis

: T3 e S %3 ~ ’ p P . - = - b - -
in 2 five degree by five degres sclid anole adjz-~ant to ths

: - = y - e —_ - - 3 R s
verticai, the aresx of taz langdrx ouls e 29 i

b 4 - = m q . ~ - - g -y - N - > - - - o 4 .
the V sguared over G cuantity scmarsc hasel upan che ¢lasaical

s i e v e e A

- A —————— e o b
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ballistic formula.
This defines novw an area, and then if I evaluate
that equation using V as an independent variable, I ccme up

with a2 unit area strike probability of 192/v2, and this is

based upon the fact that a five cegree by five dagree angle,

solid angle, is 1/180 of tne total solid angle,
MR. SHON: Fundamentally, then, ycu tcck a five
degzee by five degree pencil at this wvelocitcy you

had determined, determinad the area of the circls thus

genarated by the impacts with those parameters of dizcharge.

That is wvelocity and angle with respect tc the ground?
A trajectory like a gun trajectorvy?

THE WITNESS: Yes, sir. Essentially.

MR. SHON: And then to get the propability, you
introduced a fraction that represented the fraction which
that five degree by five degree pencil is of the total
s0lid angle of total projectedness as around the turbine
blade; is that right, sir?

TIE WITNESS: Yes.

CHAIRMAN WOLI'E: Excuse me a minute, please.

Off the recori.

[Discussion off the record.]

CHAIRMAN WOLF3: Back on the racord.

3Y 4P, NLELSON:

Q Had you compla4ed vour explanzcion of now you derived




1 the unit area strike prebebility, Mr. Stipeich?

‘ 2 A Yas, sir, I hreac

- sl .

3 e What, than; was tha z2xt step &

n
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A Again, referr-ing to my worksheets for the specific

analvsis, I usad the geieral emuatien that had kesa darived

.y

from the clzssical hallistic formulc <wlin

A
e
’,l
-
L

0

vacriable.

That would pa 192 éivided b/ the 4th powar 0 V,
and I came up with a unit area probability of 7.4 » 10 °,
I had calculated the effective area of the containmant head
to be 90C0 feet, 2000 scuare feet; mulzinlyinge thiz b7 the

wil .
~OrX 92ae

unit area probability givasz me a Pc of 5.8 = 10
ccntaimment, and ona souvce.

Now for koth contairmwents, the suantliv vould bte
2 times that, or l.l6x 1C°3. That i3 for the mioiaum spaad
of the dJdamaging missile, 234 fa2t per second; but =hat is
not the onl; speed that the missile eaa have.

The range of sceecds is Zrem 0 Co 502 Zzan per
second, or nominally 500 feet rer secend.

Q Raflecting cn the steps that vou have juze

desczibedc now, Mr, Stippich, T believz you s2id veu had

applied the general ballistic formula? 1Tz thaz #ighit?

A Yes. That was to derive a general aqmuation for

relating uni: arsa probabilicy to velocity.
& ckay.
and from what source did yoa gzt this veneral
bBallistic fcrmula?

- y o - - 3 . Ay p— I ames mm cee amdea, -
i~ 4% 1€ SN any ancligeuring mashanics csxidook.
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have a velocity of 234 feat per

second. It is going to have a vel
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A  Yes, it does.
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MR. SHON: Mr. Stiprich, that hkothers me a little

bit, your arithmetatical treatmant of thase two valocities,
I think it is true that the lcower velocity ils the leowsr bound
for penetration and the veper velocity is the wrpar Lound for

total velocity, because that is as fas* as :the wheel spins,

. —— — | — —

8C to speak.
You have “aken an average of a zamole linear

average of the two diffarent velocities of the two different

prcbabilities per unit area corraspcending to these velocities.

More properly, should one not regard chese as

- ——

lirits of integration, ard integrate the Jdistribution of
particle velocities fron the lower bound to the nnver bound,
sunning them all, rather than simply taking an avaraga?

In other words, I say that the total precbability
of a migssile strike per unit z2rea it the sum of all
probabilities of a missile strike per unit are=, the integral
from 234 feet per second and its walue, to 300-and-vhataver-it-
was, 503 feet per second.

Is the averaging process vou have usgad the sanme
as a straight inteqration?

THE WITNESS: It implies 2 uniform distributcion of
velocity over the range, which I thiink is reasonable because
the damage probabilities tha% are basad after the micsile
leaves the turbins ave bHased ioon itz abilitv €2 nznetratce

concrete and to peanetrat: stesl, and dasglically thase are




linear functlions.

MR, SHON: Yt rales, fundawencally, thz2 asst
that there are ~- putting it in a crude way -- the agame
numkbay of missiles at ecverv velcelt”, or the same prohe
nf a missile having any velocity. Is <hot righ%?

TAE WITNESS: Yas.

MR. SEON: Thank you. I “hick I underscard,

BY MR..NELSON:

[l Had you completed describving thne staps Iin v¢
ecalculatica, Mr. Stippich?

A The next scten a2 the avervacing stapr ches v
was refaerring to.

And then the final s¢t2p is <c calculace the

final P 10~% for

2

and one source:

probability, which is & x

or, for two sourcas and one

MR, SHON: I f£ind only on2 thiag tha

n

disagree with. Your second P -- that is,

valoeity -~ you didn't double chat ona to account for
sources. You 474 double Che other cna, I think they

both be treatad arithmetically in the seme fashion,

shouldn': they?

TEE WITARES: Yes, air.
MR, 8FON: That would 2licvhily waise vouy
probabilitv. T think it would vaise it v shewt 185
& . F e o s ’ -‘. ol P . -~ - 3 - Z -2 ‘e
something <imes 19 -°. not rwmch. It wonlia e a 1ittl

containment,

T might

7841
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tiie uprar bheound

+wo

ghoul

twn contninments,
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largar. 1Is that right?

BY MR, NELSON:

Are you able o determine whethaer it would chanve
the nuwrbers, as Mr. Shon suvgvested?

A Wo, I don't sce where, in what step --

MR. SHON: The top of your second page, you nhava
calculated a figure called P, as 192 over S503. That is
10'9. A few linees éown, you use .3 x ]0"8 w ich is the
same number.

I think this, however, is the nuwper vhich in
its nature should really be deoubled, should it net? You had
doubled before to get your 5.4,

THE WITNESS: The 6.4 that was used in relation
theze was not doubled.

MR. SHON: I see. ¥No, that's right. Okay, vou're
correct.

THE WITHESS: And that comnletes the description
of how P2 was arrived at for high #rajectery missiles,

MR. SHON: Where dces that factor of 2 anter into
the rest of the calculation?

THE WITNESS: The P, value rounded off, the one
that aprears at the center of the page, is 3.0 » 19=%,
Doubling that would be 6.7 x 10-4. “hat is where the factor

of 2 enters in.

MR. SHON: Would that change your ultimzte value?

i
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THE WITNESS: 1o, sir.
MR, SHON: You have 2, x bzf S x 20 and 3
woilid it not?

THE WITNESS: Yesy, that value would charge.
3

I
w

MR. SHON: Your final answer would actually b
closer to 3 x 10’8, then ==

TRE WITNESS: Yes, sir.

MR, SHON: Thank you.

I am sorry to have interrzup=ted 30 mech, Hut it
waa confusing until we saw thase figuras.

I think now it is cleared ap a great deal »n
winat Mr. Stippich 4id.

MR. NELSON: Ho preblem.

Mr. Chairman, it occurs to me chat it micht he
mora 2fficient here to cifer the witness for cross-sxamination
on :he scope of the testimony he has just given, bafore I
proceed to the recapitulation of the calculavion Zor the

low trajectory missile.

. —



CHAIRMAN WOLZE: erog3-—-exaninstion.

Mr, Farris?

3 KR, FPARRIS: My, Chziyman. I &hink we wenlc L4
£0 ceservy +<h@ right tc the gresg-axopinaticn on

we =cnduet che rast of ousr creogs—exaniration,

CHAIRNMA WOLIE: Stafi?

A »u s

MR, DAVIS: 10 cross from ile 8%=afZ, Ny, Chalrman. ;

~N

) CEAIRMAN WOLI=: Ve will procend.

a Mr. Par:is has reserved the rigut tc crogs.

10 ~. Purdor hos 2 quastion.

DR, PURCOM: I zm a litile confuzed there., I halliav

1"

you indicated you take tha 3x10-¢ 2nd vou doubl:s whae aud

i2
you would have the probability of the nissil

W
L]

¥
D
A
m

e
~r 14 one turbine striking the two containments. Is that what you

are saying?
15 ’ :
16 THE WITNESS: Yes, six. Or. ceoaversely., U7

- sources striking one containmen:. l
|

18 DR. PURDCM: I guess the gu2stion that seems Lo D2

a little avasive here is what would th2 propadbilicy *hea be

of two sources and two zcntainmanis, probadilicy of a wlissile

»

1 : ;

THE WITMESS: If on2 wers ty =insidzsr Two 3ources

ané the prckability of strike on two containments, it would be

1H dcible what is hera.

R 8 R




B8Y MR. MELSCHN:

)
&
'

0 Doas that compiate your deserloficn ¢ ) Lo W

the low trejectory missila, could you state fox us wiaw what
vzlue was?

A for the probakility o a strike *. os the agurefate
pafaty-related ztructuras of onz turuine Lron n Lo e echoly

missile from th2 addacesnt ualt; iw vopld Le 3,503 .

o

Q 921042
A Yes, sir.

.
Bt SadnEE  B AF
SOUVISCe ANG

n

Q And, again, this is representing o
striking one containment; is that corrsc:? '

A Yus. Toat is the only -~ well, 1t i3 all of Ccha
safety-relatad structurss, including the centaimmaan, =hat
are included within ¢he lovw trajectery siriks zeas. ahag
25 degree boupd that is showr ia Exhibic | of my =ascincry. !

C And covi you explain, plazse, 00w 70t arvived at
this figure?

.t Yag. 1 first calcul:ated ths -= well, bha ynoEs
of the Zirst part o7 ths caleculation agaiz le 4c doizrmine
the Telogity of tha qigsils ihs¢ -enld L vejuized o Anasgs
She carzaiament on €2 sams basis =23 €tz pigh tesiae

misatles, axcenc uzing 2 line-ol-gi mlizsilae., The Jachi ang

-
~
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Ipscn formula again was -- formula was coﬂéervativeiy usad
to characterize mul=tiple barrizre.

I found that the low Lrajectory misslle sreed tu
pexforate the turbine building shia2lea wioll, tha szhislec
building wall and stop just shcst of par-forating the contain-
ment vessel wall to be 431 feei ner gacond.

Now, if we look at Exhibit 1, we find that necither
the wall alongside the turbine building cr the contuirment
building presents a face normai to the direction cf the low
trajectory missile. It wvacies., And I have lookod at th
extraemes, I have looksd at the normal coge, and than I have
looked at the case, the ma:imum cas2, where the versel would
penetrate at 2 45 degree angle.

The assumption is that if the anale exceeds 45,
exceeds the angle of impacz, excseds 25 Aasuress, :the missile
will curve from the wall and now I calculatns anctrer minimum
velocity required for damage, and that velczizy for a low
trajectory missile to perfcrate the turbine kuilding, <he
shield building wall, the turbine shiald wall, tie sihiclding
wall, and stop short of perforating the conteinment vessel
wall corresponds to 529 feet per sacend.

This exceeds tha maxinum low “rajectory inissile
speel of 503 feet per seccnd so that the rance of missile

speeis neecded to danage whe containment is greatcss th2a 452

feet rer secdnd, and the prcbabilitv chet the misaile will hava

————— ——

PSS ——
.

[P ———



let's sea, the average sve=d naceszary =0 inflict the danage

-

is 80 feet per second; and the prophslility that the - izgllas
#ill bave this velcecity is 0457 for vhe averuse =hJeinsas of
the barriercs.

> Again, Mr. Stippich, are you asswming nsra that
there is a randem distribution within the velocliy range?

A It ie a uniform distribution over zhe velcogliy

rance.

® ®© N O w A W N

Q Uniform distribution?

S ———————

MR, SHON: Mr. €tipoich, Sust ona very snall dacall,

-
<

i1 At the middlc of ¢ha pzye, vou have ussd thla
12 forpula for the V sud Cl, and the factor veou have usea is
. 13 1 over the cosign of 25 degrees, you say.

14 I +thought you ware considering penctrations always

- - — T ————— . ——————  —— oo

15 | at 45 degree angles., llag this something to do witn toz 23

16 J degrees as the maximum, or what?

17 Above it, I noticed you have usged 1l.414 1u the ‘
i3 forrula a few lines above and that is 1 over the ccsign of ‘ i

9 45 degrees. not 25 degress.

0 oA e Va o
m T!{: WITN..S:‘.:- €8, 81iY¥,

I

. Well, the maximum angle <hies 1 2 referance to

(U}

n

the biological shield wall aloay tche tuchine lwlliding, and

4
- - . 2 . - H

£ ASTXECRS; NCT 40,

che maximom augle of incidence thuers 13

8 B

24 It is 45 orn the shield Luildling
o SC . Ehaele e
. e °1£¢‘0. JHEIA A A T
25 -

- -
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THE WITNESS: The next step was to determins
the probability of a strike using the principles of the
gsolid angle subtended by the safaty-related structuras in
this instance.

We will ke taiking about tie containment vessel,
and the total solid exit angle is 1.332 steradians.
The strike probability is then the ratio of the solid aagle
subtended by the target to the total solid argle of exlt
of the missilz at the missile source, and the determination
of the angle subtended is shown in the diagran at the kottem
of the page where it shows the elevation ¢f the containment
and the source being 550 feet from the centerlins of the
containment, and then on the succeeding page where a plan
view is shown, in the solid angle would then be the
approximate 80 feet height times the 3¥ fcot width divided
by the average distance of 350 feet.

BY MR, NELSON:

Q Mr. Stippich, what would be the product of that
caleulation? Do you have it?

A That answer would be Zound twe pages later for
the reactor builcinc with the width of 28 feet and a heigh
of 80 feet and a distanc2 R of 550 fest. The strike
probability ies then .007%55, or 76.

Q With thiz saloulation, then, what was the next

step followiny this?




A The next step was to examinz the other Category

1 structures,tha other safety-relatad protective structures

thet are relizd on to pratect essential structure systass and
4 components.

3 Q So are you then determining thiz strike probabillity
6 for each one of these structuraea?

7 A No. They are determinad in aggregate, in accordancs

wit!h: the requirements of Regulatory

-
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A (Continuing) The strike probarilities for the
catagory 1l structures other then the shield buildiny and f
-the ccntainmant wera celevlated in the ame Fashion, and :
thnse probabilities are shown ~= Tiie 22zleanlztions Far Lhosa ]
probabilities are shown on ths follewing page, a’ony with the !

one for the reasior building. |
[} Mr. Stippich, taking these ona

stucture is what?

T I —

A The auxiliary building.
Q And what was the valve you Jderivaed Sor ¢hs:

m———

auxiliary building?

A .00246.

Q And this is the strike prchbability for that buildingp

A Yes, it is.

Q WWhat was the next structurs. then, that you
considered?

A The next structure is the control kPuiliding. The !

strrike probability is .CC331.

Q And what was the next structurs
A The lcw bay of the contrel building, whieh iz

.00445.

"
¢l

‘-‘
=
Q
r
‘-D
..’
[

S ]
(o]
L
‘ -
[ 2]

s

M

o

Q ~Lre thare eth

-
wile oo

A That is all zhat are within

2 Mew how did yecu cenkbinse ©r
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the picha-

yhapdlicey Iz
ths reastor puilding iz .0487. That o » iuad on Bhe
next page, and -

Q Can you explain how that value is derivred?

A Yes. That i3 dased ypon he prebanility oF the
missile havirg a velocity necassary =0 " paactirzta ha -- 27
02 the barrierg and setop just suor: of perforvatiny th:
conzainment vossel.

In this case. if i: dons w- wial s lg the
bagis for the damaging »robabililty fox ths reactor ouildias
Now for the other remaiaing safety~relnted pnildi us, itthe
difference is sligntly -- the meihcd ig siightly different.

We combine the probablility of sesforacing tlus
barriers with the probadility of striltine a safeuy-va2latad
structure housed within the sirsucture of whesa cafety-ralsc
structures. They dc rot occuny <ie cntire 2:22a 2% the
safety-ralated buildings in ~hich whaey are Toused. S0 &h
prcbability of gitriking cne, erven though the wmigzaile should
peretrate, iz not a cersaintv.

£0 based on sstimates made Zrown 1A rro
merts, the total -~ the cunbivsad Hrebabilic s2naneating
the wall and strikirzg 3z zaiety-vel.z%af zyst 3 eskticaved
to be .05 fer the other szafeby-~valated bulldizgs sesides 7

‘

- ) AT



o
9
n

Soiibin & Tt Wy e el
na sy s otds ya&lng o
; she damags prodabllity for the puwiliazy Tuilding, =ui i

the control building, woulld be iz gpzmal
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12 the area.

‘ 13 (v} Could you explain why thay would Dz the zame?

W

14 A It is judged baszd upon cha z2:aa that the salety-

= |

15 ralated equipment bears to the total arss eof ths building.
16 If the missile should nencoirats, cizra is stili a pmodbabiiliy

17 shat it woulid not strike an essencial sItruectural systEa OT

P - P - - - e - - . - b ¥ m T S e
e comoonent simply becavse they <o =at azouly Li: entis
v L
19 area of tha Huilding.
"
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each represenis the firet as a product of wwo numbers, and

then an "equals" sign, and then .00245. The two paixrs of
numbers that are nulitiplied to get this. in each cese, ars
not the same pair of numbers.

I find that confusing. It mav be vaur unotation,
but do vou se2 that these azre not the some pairs of numbere
that you have multiplied to get the same rasuli? They Losth
can't reallv be right.

THE WITNESS: One of the two obviously is incor-
rect.

MR. SHON: Yes,

BY MR, NZLSON:

ol Are you able to determine which one would b2
incorrect, Mr. Stippich?

A Just judging from the order of macnitudes, I think
the one respecting the reactor building would have to be
correct, and the other one was not used in connecticon with
the auxiliary building.

MR. SHON: My pocket calculator says the reactor
building one is rignt.

TFE WITHESS: Yes.

BY MR. NELSON:

Q I'm sorry? Ware you saying the wralue for the

auxiliarv building was not used¢ in the caleulatien?

A Ko, it was not. The unitc arza strike probabilicy--
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or the strike probability was .0014

tion. That is the probability of 2 striks on the building.

0. I belizsve you had described all of tha stevrs
until you had derived tha damage zrcbahility foxr sach of the

different buildings., Had you caapleted that descaription of

your calculations? i

A I ey your pardon?

Q2 Reagsessing where vou were in describing vour
calculaticns, I thought vou had complieihad the Jdescripition of
how you got tha damage prebahility for each ;f 2se differant

buildings.
A Yes.
And the next step --

Q Yes, go ahead.

A -~ is to calcuiatz ths ovarzll Ps and sunmarize
them. And this was done in the righit-hand columa on the
final page. »2nd the *otal P, for the aggragate of the
reactor building and the other zafaety-vralzted striacturss is
8.5 x 10™*

0 Car you explain hcw the different values are
conbined in order ©c derive that vaiua?

A The damags probakility, or -~ vhich -~ tha damacg
prchbability PVS, which is the probalilisy of the mizeilae
panetrating the va

multiplied by the probakilicyv of striliing the buildiny, ~nd

the czlioula-~

PRSI SRS—
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those are --

Qe Do I understand vou to say that ysu begin with
the reactor building, ané for that you multiply ths prcobabllity
of the damags to that building times the probability of a
strike orn the building?

A Yes, sir; that is correct.

Q What product do you get when you perform that

8 multiplication?

9 A .00035.
10 Q Now what is the next step?
11 N To do the sama thing for the remaining puildings,

12 " and the aggreqgate combined strike and damage probability is
.‘ i3 Hq .0054, and the sum is .0089, which is 8.9 x 10-4.

14 Q So that when vou combine -- when you performed

i5 this multiplication of the damage probebility times the

16 strike probability for the auxiliary building, what rasult

17 do you get?

18 % A Well, since the damage prcbebility waz the same,

I just sumed all of the auxiliary and the ccnryral building.
zo‘f I didn't calculate those separately. The effect is the same.
21 Q So you performed a single multiplication for the--
A I summed gp <h2 strike probabilities for each of

“ the other buildings and wmultiplied it by .0€0, wiich was

b | That aga’'n resalted in what?

22
23
24 the common damage probeshility of PVS.
25
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A £0054. :
Q Ang vou than too hak valus { 2
next sten?
A pdded it to =i vanil s

buliding to get: the total prokabllity

8.9 x 107%,

g e~ A S Ny 5 © - - ~ — a -
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MR. NELSON: ©Could I have a mcment, Mr. Chairman?
CHAIRMAN WOLF3: Perhaps tnis sould be e coca tine
to have a racess, & l0-minete recess, uniil 11:20 o'eloch.
[Recess.]
CHAIRMAN WOLF3: Back on the racord.
BZ MR. NELSOMN:
Q Mr. Stippich, referring again to the zacoud artlicie
by Mr. Bush, dc you hav2 that?
A Just a minute.
All right.
Q I believe you stated vou had an ogpmortuaicy acw
to review that articie?
A Yes, sir, I have.
Q- In your review of the article, dié you agree with
the conclusions reached sy the author?
A I saw nothing in the article thiat wculd cause
me to disagree; but on the other hand, I dian't maxe a very
fetziled analysis of all cf his methcds.

Generally I agrced with it, ves.
MR. NELSON: At this time, !M»., Chairman, I an
handing the court reportzr three copies of the article, and

first I will have the witness identify :he arcicle.

BY MR.NELSON:

te

Ic this tie article you a

W

N

Stippich?

SRS




[Handing docurien® to the witzezs.)

thalsr case~in-chiczf.

|

CAAIRMAN WOLFE: 2Any obj

MR. FARRIS: No objection

MR. DAVIS: No cbiect

1

—e,

evidzucs

BY MR. NELSON:

o)

-

Q Mr. Stippich, in the gzcond 3u

the esuthor refers to the fact

217, ; dces thut de
came factor as he refarrad :o in the fires artis
A fes, it deces.
Q Is thera any difference ai all

ion from the Siaff.

arvticle

MR, NELSON: I would asl %l raporcar o n
this es Applicants' Exhibit No, 237.
{The dccuniant refarred =0 was
marked Aprlicants' Dxiilic Mo. 3
for identificatica.]
MR. NELSON: Apvlicants would move ths adailgsion of
“ the document that has been markad as Exbibitc 37 a3 part of

CHAIRMAN WOLFE: Applicants' Exhibit 37 is adaitted
into evidence.
{The document previously marked
Applicanta’ Bzhilit Yo. 37 for
identification, was raceived in

:
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1 A Apparently there is ncae.
2 Q For the factor P, in the first article, what was

3 {| the value that Mr. Bush found?

4 I For ?; he fourd 7 x 1077,
- M Q And rounded off, what would h2 the valus of thai?
7 “ Q Now, Mr. Stippich, what would be the uncerstainty

8 factor that would be attached to that value, in your oninion?
9 A Prom the way it was rounded off, it would imply
10 that he felt that the figure was good, the numbar was good Lo

11 one significant figure.

12 Q But does it represent an estimste or median or

13 how would cne apply this salue?

14 2 If we locked at his original article, he took the
45 | value of 7 x 10-5 that he had calculated from his statistical
16 analysis and rounded off and said this is the number *hat we
17 would recommend for evaluating turbine railures. Uhis is

8 h the turbine failure rate to be used in evaluating “he turbine
19 missile risk.

20 ” I don't know that those were his exact wocds, but
2 this is his meaning, I believe.

22 Q Do vou Xxnow the number of actual turbine nissile

23 failures thaé be used as his basic data in the first article?
24 " 3 I can't tell jou right o%f the top of my heac what
25 “ that number is. It covered 70,000 turbine vears of axperience,
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a considerably smaller nunher of turbines, of courso.

Q But as to the aumber of actual turhiane Fallurasz
using that as a data poirnt, de you rscall now rany f£ziiurasz
he wss considering?

A It was on the order of 22 cor 22, I beligvs,

Q And the same questicn with raspect o £ha ssoond
article, do ycu know how many turbine failwwres zosin rasuitin
in mizsiles that he considered az a data boss there?

A The question ycu askad pravicesly, vou Jidu’+

"
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-
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failures, and not all of :those Failuree thai ke sonaifewad
his study, original study, did resulec in missilis. Yot all of
the turbines that failed in his secznd study resulied in
missiles.

Q Going back to the first sztudy, are yeu able to

determine how many of the turbine failures which resule

asultad in
misziles, how many of zhese ke considerz4?
A I would judge roughly 2/3, =bout 15 failures osu: of

the 24.

MR. SHON: Mr., Stcippich, vou sori of confuisd me

again. If he had 16 missile type failures cut of 70.600

-

turbine years cf opervaticn, I Zon'e thir: e vsart TS b atre
¥ S aulid kave

~ T a=-8 . = \
gotter .7 x 107%, wonld ha? He mignt rmound is afs,
0 2 e . A - v = - = -~ - - - -
TRE WITHESS: I con't kpoty wha 2 Getalls e His

——— o B i B
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MR. SHON: I see.
Ei’ MR. NELSON:

Q Did I urderstand you to say that it is your
understanding that Mr. Bush comnsidered approximately 16 turbile
missile failures in preparing his first arcicle?

A That appears to be the case from the list that he
gives of the machines in th2 first article.

Q And are you able to determine hcw many he considered
when he preparad his second article?

A *7ain, I haven't actually counted them. I wouid
have to make an estimate of that. I would judge possibly

24 involving missiles, resulting in missiles.
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3
CHAIRMAN WOIFE: 2nd vou took thaet nurie
g W ¢
p . 2 Mr. Stippich, fyor some vable in the socond acti
b that correctz?
N 4 THE WITNESS: Yea, ai:r, Phat 45 LoORLNg e 3 {
\" ; |
= 6 and Tabie 7 from the first arcicle.
€ CHAIRMAN WOIFE: Froa the firsc artislse?
i e i + : !
.y 7 THEE PITHNESS: I'm soiry, foor 80 dscond aLhicL
a BY MR. NILSON:
B 0. Siace the aunher of turhips aizsile fTaliugrag in
.
10 the second article was gareator tlen khgs 1o he fizgt ariicle,
A~ v e g e smve mwny LA ieandecn oo F b S8 om v gy g o B oS
11}i dcag this give you any indicaticn ¢f tha udcartalinlty Iaobd
- : - .

12 which would surrounc the comclusicns tha% lir. Dnsi dwed in

‘ 13 thase respective articies?

-4
i
[

14 A You would aexpact that a larger pegunlatisn o

15 resul: in less uncertainty
| 16 & In the second Eush article. %4 Mrx. Sush considex .
' 17 orly turbine missile fallures at nucliesr zower plantsl T2
! 18 did he include cexrtain other power nlants 5% a convanitional
?' 19 variaty? ‘

. - . " 1 g 3 - - vo.a% - S s
20 A H2 included conventicnal unizs, 23 wall as nucleayr

' ; 1 unics.

w

) Q And what +@as the basiz for hinm Lo make thzt incle-
;
;' 23 sion?
; 24 - Hat inclusica 13 Eapt?
i
“ 25 2 ¢ ingiude the laridinty from comv. 2aLil ol
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A That they weulid rawvrasent the raelasivaly -- be

fairly representative of the “ailure rate taat is

applicable to nuclzar turbinas.

2lso

[+ Do you agree with !Mr. Bush's assaessmeant on that
point?

A I think that the seconé articla substantiatas i,
ves, beczuse the second article includes a areacer nuaber of

nuclear units. It also includes, =sounting as nuc

the units that had failures wiich —= of = nalurs

also occur in the nuclear unii porulation which

2.9 .
ot 355 4

. ren Yy
Vi -

¥
<

tc me that it was a reascnables assumption in shs firss

irstance, in the first article, whers zhare were varv few

nuclear units to contribute to the overall populztio

€o I would say: Yes, I would sav that

rezsonable assumption.

0 o you perscnally have ro troplem wi

.
- .
ie wWas

a

th the concept

of including experience gained ai certain corvent,oaa4 pPCewer

plants in the data base for assessing
at nuclear pcwer plants?
A No; I don’'t. I think ther:z

between conventionz] units and nuelear

that, if you included the population of

yot would cor=a up with 2 conservative

wotld be representative of the nuclsar

. .
SILo2Y, ai

urnice that

th2 conventis

population.

1l one

is =2nough sinilarit

i

F, >
CaRT

.
o A
n.<e,

~urblne missile failuvrss

you can gavy

D S e

PR ————
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0 Ta your review of the historical data on turbizne

migsile failures, vere you able ©o discern any avsalzsy

-
e ]
= 1
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. ————— At

probakility for convancicrnal powar rlanie to Lave fwrbise

-
-
¥
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missile failvres, as oppcead #o nuslies: plavits, or viee wacraa?
A Ko. I thirk that tha two vrrcbhsbilities ¢f thoga

two populations . was spproXimstely whs Sama., :

!

Q Do you know whether the NPO gtadf in their a:exys“a;

& turbine missile failursg bas included *zc dalta wioe fooe

the roference o :che Busr staldy in Ragnletony Guida 1,135,
[ Are you referring to Ro

A Ravision 1, ves. :

a i

0 Now did I understead vou %5 say +hait Revisicen 1 f

of Reg Guide 1.1135 takes into considerxation aad adoor the i
analysies in the second Bush acticla? 5
A No. The Peculatory Guide was iszud
publication of the asecond Rush article. It only waleus == :
it only references the Zivst arcisla,

[3) So it adopte essantially che aneliysis Froan the

first articla?

v Sl

A I den't know that vou can caaracteriaa Lt 33

: = .
adoptisg 1=. I thiek that there 12 ap izcferanss thas Ly
g Ay Y
susoted; in that thav ¢lib: tha gaine oz el L8 SEtlBasti 1l t
i
. ‘
iv the di.cussicn.
|
|
]
‘
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Q And did the first Bush article also combine data
from turbine missile failures at conventiona. power plants as
well as these at nuclear power plants?

A Yes, they did.

MR, NELSON: No furthar quastions at this time,
CHAIRMAN WOLFE: Staff, do vou have any cross?
MR. DAVIS: Yes.

RECROSS~EXAMINATION
BY MR. DAVIS:

Q Mr. Stippich, I am looking at yesterday's
transeript, ané in responuse to a quesiion from Mr. Parris as
to what the two prchability ranges ideatified byv Dr. Bush were,
this is transcript 7782, the recorded answer is, "3 = 1073
and 2 % 1074, "

Is that 2 x 10”7 actually 3 x 10 %2

A May I see the transcript, please? I would like to
put that in context.

(Handing document to witness.)
{Pause.)

Q We discussed the same number again today, and vou
stated "3 x 10”7 ¢oday as being the rumber that cane out of
the Bush article.

~4 48 the number that

A I don't recell saving 3 x 10
cane out of the Bush article. I gaid 7 x 10’5, I believe.

Bvidently, this is refarring to the second article.
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Q. That's correct. And *he sacond ariticlie vou were

" : P =5 -
asksd about the range of »_ , and it went #rem 3 x 167, and

apd it iavelved

tha lower range was something less than that, and 1%

10'4. Do yon know what the --

-
-

ke > Fk

(a3

A This is incorrect. I believe it Is 3.
Let me refer to the article.

Q Okay .

-

B Ay P

- A————————" + Ay
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A The range of values that Dr.RBush gives in the

-

last, the next to the las:t paracveph, 32 3.2 x 10-5 245

3.1 x 1074 per turbine vear for a turhine pepulabion corrootad

to be relevant to nuclgar reactors.

Q In your testimony, you give the figure of +ha wisk

]

frecm a _high trajectory nisaile causing damegs Lo a sulezy-
related structure, and equipment, as bhaeing 10 -- lase

than 10=7, and you give tha same figura for Lo troisct.ry
miszile.

When you say l:ss than 1077, gsaes thai moon #hoc
ycu consider that a conscrvative rztaer zthan & reali-=ic
number?

A Yes, sir. That is a consarvacive nwibar. It is
taken from standard review plan 2.2.3 on accidan: analysis.

cnservatisms

G

Q Would you be 2ble to enumerata the
descriking them briefly in your calculations thzt would make &
realistic number lees than 19-72 1ould you be able to derail
for the Board where the conservatisms are in ycur calsulations?

A The conservatisme in the calculations are primariiy
in the selection of the missile and in the manaer in which
the probabilities were zalculitced.

I cannot say exactly what magnitude of consarvatisa

-

might ba, but I den't racall anv azsumntions thest weare madae

[ Y

that wouid have a less than =~ that would be ureonsesvrive.

. - om——
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A I don't know that you car characterizas it by lack,
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2 | The probebilivies are baszad uvpon 3azalviicul ;
; methods, rather tihan a solid lase c¢f zupirical Gata, arae the?
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: . not? }

o A Oh, I think it i3 a combination of enpirical daia ?
anéd analysis. :

18

Q Hould vou say that there is raelianes uvoun :snxivsis
17 - :
u to a large extent,mors than 89 in mogt enginesrirc i lrmaznes? !
: 3

H A Mere sO tharn mogst? Thaw is 4difficult to d=Zinas. :

Judgmentally I would 3ay vou cax‘t define the nusbars and :

A test them. It duesn't have tre zame tvve of szfetv Jootor !
23 :
" . X sl e g LR Tl S . e . g
* chdt you would nave i wou 22siovrad o ghruouuars, 25
g 22
accaptance crxiteriz, thonch, rarvtrsients a vag 2y Low
o pkny isk, and I am surae thic nany I sy syl d Ye Jagiensd
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accepcance criteria.
Q Let me put it to you %“idis way:
Is there a lack of statistical, valia statiztical
data upon which thase probabilities ars Tased?
A 1 am not in a positioa to judge that. I an relying

on Dr. Bush's assessment of the reliability oI the data hase
that he used to come up with his reccmmendation Zor the feilure
rata.

Q And Dr. Bush gave & range of probkakzilitizs for
nuclear reactors,8idn't he?

A Ha did in the sécond artic ves.

Q In the second articlz, that rance was from 3.1 x 10-%

to 3.3 x 10732

A For nuclear reactors, yes.

Q And yet, in vcur testimony, ,;ou picked the figurs
of 10-4

A Yes, sir, I did.

Q Mr. Stippich, isn't it gocod engincering practice

to use the most conservative figure available when you have
an inadequate statistical base?
A What do you mean by an inadequate statistical base?
Q That iz a pretty brcad range of probabilities,
is it not?
A Cr. Bush didn't say that ais statistical Tasges was

inaduquate. I would have no reason kc say that it was, and




i therefore, one should acdopt the most conservacive figyrz. It

‘ Qoesun't foll sw.

PSSO T——.

Q lould you say that the wariation Setwsen 2.2 < 1399

cr soughly three out of 100,000, as avnozed o 3.1 = 199

or three out of 10,000,is a broad svatistical ranga?

A Not in the contsxit in which it iz used in Sush's ‘

seunond article.

L
3
$

t

[
L 53]
[4¢
“w

® N DG A W

Q Wouldn't vou say thosze figurec

9 deal of uncercainty in the prokability znalvsic in this arsa?
A Again, it haz to be relatad %o vhat one wouwld
10

i1 I consider a sound estimate, ant I tkinik thet Dr. Zusa made !

-

12 | that judgment, and I think that he reziii

e

’ 13 in the second article.

SR p——

14 I am sure if he had felt that his £irst porition
15 was inadequate, he would have changed his positica. !
16 Q Mr. Stippich, édidn't, in fact, Or. Sush ccmwe p

17 with a different value for nuclaar turbinzss as opgosad to the

18 genaeral turbine population?

PR

19 il MR. NEILSCON: 7. Chairman, I 2idn't uncderstand +h ¢

20 || question. I don't know if zhe witness did. I beliave the

—— -

question neads clarification as %o wvalue for what ‘ir. Faxeis

L)
-

PA——

is asking about.

ME. FARRYIS: P

8 B

l.
»
MDD Wy ReQo N o k. < . o ath £y . - - o g
PHE WITNESS: <8 Value AN ThHe ARt Darsdliana An

summparizing, he docsn't 3avy. He givaes --

& ¥
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BY MR. FARRIS:
Q In the next to <he last paragraph under the
doesn't he in fact i~dicsne =hat for nuc. 22X Turllines

probakility is approximaca.y
approximataly twice as higa as for *ae
population?
A I think that is cofrect, Yes.
of the numbers.
2 Anc on page
he in fact state that i:

predictions and modeis wer:s

A Xes, ne does.
Q pozsn't he, on cthat same pagz, indicate th

turbines associated with older fossil units aiffar mar

from nuclear units with regard
rotor design, and control stresses?
A Where are you?

Q 696, the last paragraph £t coluun,

O
)
1
W
b

A Last paragraph. Okay.

I think that is referring to the 3zneral Bl
report, not tc any ccnclusion of Bush's.

CHAIRMAN WOLFE: Mr. Nelson, 40 you have a
copy of the szcond article?

MR, FARRIS:

I have some a2vtrz azticles.

[{Documents distribused to 3oard.]

tc matecial property st
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MR. FARRIS: I am referring to page 696.
Y MR. PFARRIS:
Q Mrx. Stippich, didn't vou testify what you thought
the experiasnca with conventional turbinzz was relevant to

nuaclear turbines?

A I believe I cid.
Q Do vou know if GE agrees with that opinion?
A No, they don't. If vou takes the statem=ub tha:

you were just referring tc in th=2 Bush repore, it is clzar
that they didn't.

0 And Mr, Stippich, did you in fact round off the
probabilities for the total turbine population as rarorted
by Dr. Bush ~-- that is, 7 x 103 -- which you voundad off
to 10742

A No. I think if you round it off to =-- in the same
way that he rounded off his numbers in the oriuvinal report,
if you round it off ~-- these numbers on the nuclear turbine
population, you can justify a number on =he Arder of 1074,

e Mr. Stippich, vesterday I asked you if vou were
aware of any turbine failures at nuclear powar plants that
had generated missilez. 1In your review of Dr. Bush's article,
dié youv notice any chart ¢r tablas that inidicated that :hers
hacd been misgiles generated in connec+tisn wizth a nuclear
eurbine?

A Yas, sir.

S e e s —— o e —— —

S ——
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o And wes that indicated on Tabls 5§, at page &350 of

the article?

A That is one place it wae vevrasentsd, ves,
0 Would you susvect, Mr. Stipnich, that the highor

rate for -~ the higher precbability for failure o7 nuclear
turbines is based upon the reiatioanship of that on2 fallurs
to the total number of turbinss being used with nuelear
reactors?

A I don't think that that is the apoiroach thet

Dr. Bush us2d in developing his statistiozs,

Q Have vou made any comparison bhatwaza the
number of turbine hours associated with nuclear rzactors

and their failure rate to determine whather or not thire

may be some basis statistically for a higher rate for nuclear

reacters?
A Yo, sir.
Q My, Stippich, on the second page of your czleula~

zions -~ your worksheet that counsel »rovided us -- for

high trajectory missiles -~

I Yes, sir?

e Zou indicated that for the two containmants, the
orobabilities 91 was 6 x 1079,

A Yes, sir.

C 2nd that 1s tne prcbabilily of either contalament

being struck by a missil: from a turbine?




.

@ u B W N

~

10
1
12
i3
4
15
i6
17
i8

19

2 B B

&

| ——

o —— -

o

L

A That's correct.

787

4

o And for Blask Pox Staxion, Thal probabil’ yuid
be twice that, as vou indicated in vsspomsz LC & <
from Dr. Puzdon?

A No. If you assume cwe faliures, Wo Lulb.ha
failuzes in a year, then it would ba doubled.

Q2 2ut if you have two turbine:z, than the fuoba ili

for Black Fox Station =--~ nuot ior

Black FPox Station with th=2 %

- i ”~
a particalar uniz, kut Zor

tran be 12 x 107%2 ow 1.2 x 19732

A Ho, sir. It would ba, ZJor two unilts te caurs
demage to ona reactor, or Tor one upnic to cuunme dalars LD
both reactors. We are lsoking =-- +the point ihat lMr. Shon

made here was that it would be bei
look at twe sources and, in effesc’
and lcok at that as causing a nis:s

look at the risk o a coniairvient.

CHAIRMAN WOLTE:

ttexr, or mcore logical to

e

Qff the rascord.

{Discussicn off the record.)

3Y MR. PARRIS:

0 itr. Stippich, aren't vou iookiag at thig as

sither two sourcas for a misczils
onr source for a wmisszile and tws

af.

b

r‘b "ds ?

Q Tor a aigh

traiectory

L P —

ard ong gontainmert, or

» D .
erutaintansa?
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