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Whitlock 1 UNITI:D STATES OF APU:RICA7
arl 2 I!UCLEAR lirGULATORY CO?t2IISSIG ? I

I
'

3 ---- -..-- -- . --- c >

: j
O 4 In the mattoi of: : i
\_ '

,

i
5 PUBLIC SEnVICE CO'IPAm' OP :

|
010.J.IIOfUs ASSOCIATED LLECTRIC : j

-

6 COOPERATIVE, INC., i
'

n

: Docket Mes. |
8

7 -and- :-

: 50-555
g WESTEPli FART!ERS ELECTRIC : S0-557

COOPEPATIVE :
9 :

[D. Lack Pox Station,-Units 1 and 2} : |

I10 :
_ .. _ _ _ - _ _ _ _ - _ _n ;

:
11 i

United States Courthousa
12 Courtroon No. 3

333 it. 4th Street

33 Tulsa, Chlahoma
,)
'

34 Wednesday, February 31, 1979

a ng n n- n tied matter was reconn u d,15

pr uan a urmen , a :00 a.m.16
"

UEFORE:
17 ~

SliULDON J. LOLFE, USrJ. , Chairman,
IO

Atomic Safety & Licensing Loard.

I9 DR. PAUL W. I'URDOM, Mend)er.*

20 PREDERICK J. SIION :tember.
.

21 tJPEAPAMCUS:

I 22 CCSEP11 GALLO, 1:SO., Icham Lincoln & Deal c ,, .

'

23 1050 17th Street Northwest, Nashingten, D.C. 20036
-and-

24 Q CUN MELSOH, ESR., Ichr.t, Lincoln & seale,
, 4200 First National Dank 3cilding, Chicago, Illinois,
i - 25- |
b) Counsel for Applicants.

.

9

.- _ _ - s m,, .--%--~m.s.,A~. -.-.---~~-*%--- < - . - - - ~ ~ ~ - * I
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! [ Appearances, continued:] !

'

;
m

)

. 2 JOE FARRIS, ESQ.,'

,

Green, Feldman, Hall & Woodard
816 Enterprice Building ;o

o
Tulsa, Oklahema, '

G 4 -.

\_/ Counsel fer tha Int:arvancrs.
Î

5 :

DOW DAVIS, ESO. , COLLEEN WOODIDGD, 500., and i
'

,

6 IYILLIAM 'PAiOS , ESQ. j
Office of the Executive Legal Director, United i,

7 States Nuclear Regulatory Cora.iscion, rathesdn, !,

Maryland. 1

i !
8 !

:
1

9 ,'
.

I

10
'

;

11 e i
i
!

12 1
;--___

I

13

s
14 j

i
4

4

15

.!
76 i<

i

'
17

.

18 !.

19 :.

20 t
i
o

.

I

f .

() 22

24 '

.

M

i|'w'

! i

I! Ie i
i i

* *
h .. . _ . . . . _ _ _ _ . . . _ . _ _ _ . . . _ _ . _ . _ . . . . . . . -
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:

1 1dEEE
,-

2 Witness: Dir. V. Dire Cro.ss Red. Rec. BonI S

'

3 [ Applicants]

'} 4 Roht. E. Stippich 7002 7822 7865 7832

'' 7330
5

[ Staff]-

G
f
i Kazimieras M. Campe 7889 7891 7392 7906 7895

Kazimieras M. Campe '7897 7906 7931
8

.

9

Dale G. Bridenbaugh 7935 7953
10 7957

[ Applicants]
11

C. D. Miller )'
12 J. Hagstrom ) 7960 7965 7967

D. F. Guyot )

} [ Staff]
14

Abdel Hafiz 7969 7971 7988 7992 7994
15

!

16

17

18 EJIIBITS: IDENTII'IED REC'D

'
Applicants' Exhibit 37 --

" Accident Analysis" by S. H. Br.sh 7358 7858 ,g
;

Staff Exhibit 11 --

21 Affidavit of K.M. Campo 7390 7890

22

U 23

24

_ 25
( ''

v

h
t

. _ .._ _ ___ _ _ _ _ _ . _ _._ _ _ ;
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|

1 .P _R_ _OC._ E_ .E_ _D. I N .G .S._ ,t. -.

3
? i.

'

2 Whereupon, g
f,

3 ROBERT E. STIR PI..'E :'

|'l 4 resumod the stand as a uitness on vut.. - c. 4- the . .pli *-

i-
1

5 and, having been previously duly sworn, vas exa:.v.r.cd u.ri |
i

6 testified further as follows:
t

I. 7 CHAIRMJJI WOLPE: The hearing is resumad. |
!

g 15cfore we proceed with the cross ~unmai_w.t. ion of f
I
:

Mr. Stippich, the Board has a ruling to :::ake. [g
:
1

10 on February 3.9th, 1979, et Tr. ;:.ges 7513, Mr. }
,i

Gallo object 3d to thc admission of 5 taf f 1:xhibit 9 Fr.arhed |99

f r identification. which was and is the affidavin of Hr.
12

Karlowics. The objection was overruled. Unlike the Staff,
; 13'b .

<

. Applicant had not objected on the grounds of irrelevancyg.

when on October lith, l'378, Mr. Woedard, at Tr. page 4666,
.

asked Mr. Karlowicz:

"Do you know of any utility that is gatting a 15

~oercent return on common ecuity?''
18

'

Mr. Gallo only reserved the right to ciaject dependent
19 i.

t
on uhether or not the affidavit which the Board had ruled

- should be furnished, reflected "straightforvard inforcation."
21 i

fe

The objection voiced bv ".r. G tTo c: c.n .:.rrelevanc.e. !
;

I
is too late and is overruled.

b'. 23 i
i

However, upo.; revieu.ng ;he cranrcript . ,; e p u C 31. i
24 ,

Ithrcugh <i671, and especifi.ly the ".arJ. cmc wat uacny on
25 1

i4

-

,

, .

f
_ ~ . - - _ -.-n .n- - .. .- ~ ~ ~-- , .-.- - .-,--- .,%
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! October lith, 1978, at pages 4657 through 4671, we must reverse

') the ruling that we made at Tr. page 4667, when we overruled2

Staff's objections to Mr. Woodard's question as posed to Mr.
t

Karicwicz.,

The question as put was well outside the scope of
!- Board Question 18-1, and is thus irrelevant, so we sustain
I
; Staff's objection at Tr. page 4666, and we withdraw our

. 7-

direction to Staff at Tr. pages 6668 and 6669 to sub:ait Mr.i

'

8

xarlowicz's affidavit and withdraw our ruling that upon

reading the affidavit, both Messrs. Nocdard and Gallo would
10

have the right to request that Mr. Karlowic be returned for
11

cross-examination.
12

We always try to make well-grounded and reasoned
. 13

) rulings. When we don't, we will reverse, and we do so in this
.

case because in this instance we see no connection between
15

PSO's rate of return on common equity and the Board's question
16

which merely and narrowly queried whether Pso provided
17

different data on covered ratios for bonded debt to MRC and
18

OCC and, if so, what is the reason for the difference.
10

.

Excuse ne. Tne transcript pages that I read as
20 '

being 6668 and 6669, correct the transcript pages in our,

,

ruling, I cited transcript pages 6663 and 6669. It should be
22

tranceript pages 4668 and 4669.

C_) 2
All right, Mr. Farris, you may proceed trith your

24
cro ss-examination of Mr. S cippich. *

.
25

J

!

!
I

i

. . - . - <
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1 CROSS-I:XMiIN.WION [Continuedi
9

2 BY MR. FARRIS: i
'

i

3 O Mr. Stippich. >cre ca r.::lc ".o Yi .v' ,tj 1. c . r . ". <. ., a :
.

?

- 4 or any data concerning the 2::pectad dr a T.rii.m'-ic, ci e.s.s O.22 j

5 within a 25 degrec arc out frc:c a turhir.e? f
f
*.

6 A No, sir, I could find no soecific refarar,:e. On
,

!
. y reflection, I believe that that Sssumption can he juurified

l
i

8 by considering the way that the Init pressure turhine is |
t

constructed. In this case, it consists oc socan lo:.. gr ::; cure- f.g
;
,

Igo stages, starting from the innernest 5:ago car ri .r. _.

gg out to the last stage, which is th= largent of the '.c .' p r e s t r e ',
I
t

I2 staps.

It involves the 13-inch blade and the 1.argest turbine13
,

dis .': .g4

l .

N w, the disks for each stage consia: of a rather
15

massive disk attached to the rotor, ard on the .oerinher/ of
g o, - _

the disk are atta ned the turbine blades.g |
This is typical for each cf th sr.cges that they

.fvo

do vary in size, increasinc from tha first stae9 Ouc to the i
19 ~ '

i

6.

i
last stage so the first stage is the scalicat, ar.d the last i,.

<.0 t

t.
- stage is the largest.

I
-

21
J

1

In between each of the st: gas a a dir;hr.g- that i, . ,

a ,
t
*

i consists of a diannracu web that .: n c a r c a rc x. x.d aG n - -

.

t

ciaphragm ring that. is at .l c acter <:a r . rid a c +c. :.9 <i
~

wrapper cf the 1cu pressure casicg.
25 .

, m~
,

.

~ ad ,

k
. s

, .-- . . - _ . . ~ _.._1-..... _ . .- _-~ -. . - _. m
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i
!

1 In between the two diaphragm pieces are veins
O, 2 that the function of which is to redirect the ficw of the

3 steam into the next successive stage.

- 4 The last stage does not have a web ring

5 nor does it have a diaphragm web or a diaphragm ring on the
-

out-board side. It has one only on the in-board side. '

G
1

, 7 Furthermore, the wrapper of the low pressure

8 turbine which surrounds this whole entire assembly does not

g extend completely over the final stage.

10 As a consequence, when a fragment, if the last

;; stage disk should fail, when the fragment starts attay from
.

12 the shatt, it would have a preference for the plane normal

13 the original plane of the disk, but upon striking the webt

'-

14 which is now only on one side, it would be deflected, and then

y upon striking the diaphragm ring, it would be deflected still

"# *# * "" "' "" *"' "" Y' 8 " '# "16

7 does not cover the last stage disk entirely, it would he

gg deflected further to the out-board end, which would tend to give

the bias of the distribution tcward the outside in, and I thinkg
.

on that basis that the uniform distribution of the directional20 :
1

|

. probability for the last stage blade is a reasonablo assumption

for the distribution.

'

( ;- 23

end 1
24

25
_

w

4

k

'i
-yw',. -

- ,Ta w-
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9
G Mr. Stippich, if you e:cpect that any turbine

) missile generated would be deflected two or three tiras,p,

w uldn't y u expect that the distribu+: ion imy bc -- tud to3

be concentrated toward the outside angles?
4}

MR. NELSON: Objection. I don't belieue the
5-

*

witness testified that it would be deflected "two or three
6

times." 1 believe that is an erroneous interpretation that
, 7

"'' * "* ' * * ' " "Y'8

MR. FARRIS: I thought he said it would be deflected
9 |

as much as three times. '

10 *

}

CHAIRMAN WOLPE: Address that nuestion first, I

T1
~

f
then, to tha witness, It . Farris.

12
'

. BY MR. FARRIS: l
~'

i 13

f () G Mr. Stippich, did you state that the missile was

li'cely to be deflected as much, or as many as three times?
15

A That wasn't the point of the statement. The
IG

missile is going to interact at -- in a randcm fachion. It
17

could interact as nuch as three times, but not necessarily.
18

Ic is a random thing. It simply tends to cause the missile
19

.

to favor an outward direction. That was the main point.
20

, G You stated, did you not, that you would e::pect a
P.1

bias tcward the outside angles?
22

A I said, "in that direction I believe; not that"
,

23g ,

would be at the cutside end.1

M
&

G A.2d this is based en */ car in:uit.ive judanant?
25

-. . .

OW

-Qww m 9 4mw qme. e.9eex-A& wwe p--m-m-n --ww'ew.H ,
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!

!

! 1 A Yes.

7
'' 2 G About what would happer.tchen a missile is

i
I

3 generatad? - i
2

e
t

> - ^T 4 A It is based upon an intuiti'.a indcrcent nhat :
.

r

5 supports -- that is supported by the Westinghoune etudies
.

6 and by the assumptions that have been made in ochar
.

- 7 licensing proceedings where a unifonn distributio: bcs been
.

8 assumed.

9 0 Again, though, you hava no data -- no am.pirical |

10 data that would show what the distributdon in fact may he?
i
*

j; A No, sir. No, I don ' t, specifically.

12 G It is true, is it not, Mr. Stippich, that the

i

! 13
initial inertia of the missile would tend ca he at a 90-degree '

| \
34 angle from a longitudinal axis of the turbine?

A That is the plane of the disk, yes.
15

G Is it your testimony that vou exaecu that any
16

deflections or interacticas would overcome that inercia to

au h an extent you would expect uniforn distribucion?
18

A. I believe that is the way I testified, yes.
. 19

0 Mr. Stippich, by " uniform distribution" do you20
~

mean that you would expect as many turbine misciles to travel
21

on exactly an angle of 25 degrees as at 0 degreos?

A Ey " uniform distribution," I mean that taa,

EO%-)
directienci crobability cver the au-dace of tha inv.nrted conc '

24 '

i
half of the cone 2xtenf.ing thrcuc.; 100-degree are aratnd the {5

) Eris of the turbine, I would expect that the probability of

.i
I

--_- _ _ . . . .
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1 any direction for that missile woul.d ha equal.

7
/ 2 Q. In other words, it ic just na likely thea a

1

turbina missile could' hit the containm ne fra annhe. m- |3
.

-

1
Os it would be to hit anv other s:xr.aturc vich i.6 : . ' .-& r:re q% 4 .

arc f the same size?5
'

A. I didn't scy chat,. no. Because the directional6

}, 7 probability is not a linear function of the strika probability.,

And I believe you were referring to the strike p;/cb thility.. g

**Y""9 |

|
0 Mr. Stinpich, if vou haw: aniIcm f io ..ci:,.. r m ? i

10 -

|

thoce missiles within a strik. ;or.a, then if part J Jas

containment is within thz.t strike zona tha archability of
12 *

striking the containment would be directly proportional to

the size of the containment to the area of the strike sons?'

14

A. If I understand what vcu ara savino for r.
15

"

probability of a one-square-foot -- of striking a ona-sTaare

fcot area in the reaion of tha centnin:nsnt, the crobability

of striking the containment would then be the area of .-he

centainn'ent times that one-sq.nrs-foot probabiliev, .az,
.

that would be correct, times the Gusceptible area of tha

. containment.
21

0, Mr. Stippi.ch, since tb- containnant cf =. ar-icula~ ,
22

I'
unit at Dlach Fox Stc ion can only be -- or c.pa. a, - m ar.i: n i,

V, 23 1

'he 25-daarae angle of cens::a:..nt in valid u s ir.c : I, ..c.

24 ,

d

.* e / 43 . . e '

b 4 .I 6 he * d .4 %*J.46

25 ,!,
3 *

J i

i
,
.

- . . . - . - . - - - - . _ . - - - . . ~ . ~ . _ - - - . - . . _ ,
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! I unit could only be struck by low trajectory missile from the'

2 other turbine; correct?

3 A No. It could also be struck by a high trajsetory

] 4 missile from the other unit.
4

5 G I mean, from a low trajectory micaile could only
.

6 be struck by a missile generated by the adjacent unit's,

- 7 turbine?

8 A Yes, sir.

9 G But both containments could be struck by a high

to trajoctory missile. possibly?
.

11 A Yes, sir.

12 G In your testimony on page 2,. Mr. Stippich, the

13 bottom of the page, you define a "high traje.ctory missile
\.

w.)
14 as "one which is ejected nearly vertically upward and falls

15 almost straight downward landing in the plant area."

16 A Yes, sir.

17 0 Do you consider 25 degrees off cf a straight

18 Vertical line "nearly vertically upward"?
-

A No, sir. If it had that initial elevation, itgg
,

20 w uld pass a -- a high trajectory missile would pass over

'

the containment and land a considerable distance away.
21

22 0 So is your dafinition wrong here, then? Thar. it

is one that is " ejected nurly vertically upward'?) 23 i

A No, sir. It has to be ejacred nearly vertically jg
l

upward in order to fall in the site region. Thac *rac the
.

g

%'

_ , . _ _ . _ _ . . , . . _ . . . _ . . _ _ _ - - _ _ - - _ . . ,
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|
1
I

1 point. In order to fall on the containment.m.

o
J,

2 4 So you don't mean this s tatement to ne defining

3 a hich trajectory missile?

_'
; 4 A. No, sir.

~-.

'
5 G This is the only kind that has the prehability of

.

! 6 falling on the plant?
i
'

7 A That is correct.
f

4

8 ~ G What sort of angle, or what would be the maximum

9 angle that a vertical missile could travel before it would

10 hava a chance of falling in the plant m ca'

11 A I don't know. It would depend upon che valecity.

12 G Assuming the maximun velocity -- which I holieve ;

i

33 you have assumed is 500 feet per second in ycur testimony --
s

%)
14 A Yes, sir.

15 0 -- can you tell me what anale, what would be the j
t.
i

16 maximum angle or the -- from what degree to what dacree

|would there be a probability or likelihood of the turbine
97

missile falling within che plant area? f18
i

A No, I couldn't. That particular range od of i
,

gg

degrees doesn't enter into my calculaticns, so I did not20
"

calculate it.
21

I

G It is true that if in 12fn at greater than acv.; Iem
a4 ,

t 't cortain angle,.there would be no probability of it falling ,,e

ss o ;

in the plant area, but it t.culd be exp 3cced to clasr che34
'plant arca?

25 jem
6

-end #2 A Yes , s ir . ,

.

mm _ _ _ _ _ _ .. . -.. n- . . . -~~~n,-, - -~.,----..-~.an,--~M
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1 Q It would be something between zero degrees and
m
J 2 X degrees for those missiles that would be generated that

3 would be likely to strike either containment?

-) 4 A Yes. Whatever X might be, that again in going to
J

5 depend upon the velocity of the missile, and that velocity
!

|' 6 can range &om zero to 500 feet per second as a manimum.
i

i, 7 Q Mr. Stippich, if you will refer to the drawing that
|

! you have attached to your testimony, it shows the relationship8
i

of the two units to the turbines and the 25 degree angle.g,

A Yes, sir.
10

Q What, Mr. Stippich, would be the angle, if you cangj

tell from your drawing, or if you know frou other sources,
12

w uld be the maximum angle that would clear the containment
13

k. -)' structure itself?g4

15
- ann t determine that from this drawing. This^ "

drawing is indicated -- is intended to indicate the low
. 16

trajectory missile strike zone. We have been discussing

N * * 'I "" '"'
18

Q Let's go back to low trajectory for a minute.
9g

.

^ # 9 *

20

Q If we were to draw a line from the turbine-

' 21

tangential to the circular containment, do you know what the

angle would be between cero degrees and that tangential line?

k_)s 23'

A Projected on the vertical plane?

Q On the horizoatal plane.

.m

J

* --~_m. . . - - . . - - - . . - - . . . . _ . . . - . . - _q
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I MR. NELSON: I am going to object. I don't

2'

believe the question made any sense. He referred to the

3 turbine, that is tangential to the containment, and then h:4

) referred to the tangential line, and I believe the v.lole f4

! 5 question was just confused.

j 6 MR. FARRIS: I think I talked about a line from

. 7 adjacent or from the adjacent turbine unit. I didn't maan

8 from the adjacent unit, the other unit's turbine, drawing a

9 line from that point tangential to the circle, within the
i

10 containment, and I asked him to tell, if he ceuld, the dagreen

11 between that zero degree line and that line or en appro:tima-

12 tion.

13 CHAIRMAN WOLFE: Do you understand the cuestion?

14 THE WITNESS: Yes, sir.

15 CHAIRMAN WOLFE: Objection overruled.

16 THE WITNESS: No, sir, I cannot tell you what that

17 angle is. It did not enter into my probability calculations.

18 BY MR. FARRIS:

19 Q Looking at your drawing, would you say that it would
,

20 be as an approximation that that angle would be no greater

.

21 than 20 degrees?

22 A Roughly, that would seem to approximate that angla.

( 23 0 In other wcrds, no strike the containment, a misile'
'

,

24 would have to travel at an angle of between approxiuntaly

25 20 and 25 degreas?"

-,
s

o.J

f e

~, -~n-. . . - . - - -- -- - --,e
.
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1 A Yes, sir.
'N

:
'

2 0 Roughly?
:

!
3 A Roughly.

4 0 I assume your probability calculations than for
i}

5 striking the containment would assume that ratio of using
.

i 6 uniform distribution, then, of approximately using 20 to 25

i

- 7 degrees, one to five -- one out of five vould cc in that araa?
'

I 8 A Actually I used the solid argic subtended by tha

wall of the contairment.g

10 Q what I am asking, !O.'. Scippich, is anu nmag that

jy 20 degrees is the maximum angle out frca tha turbina '-ehic.S

12 would -- which a missile would begin tc impinge upcn the angle 4

f the area in which a containment would be found than using
13s

'-
that figure, we could scy that one out of fiva., assuming

34

unif rm distribution, one out of five turbine missiles could be
5

expected to travel, whether or not it strikes the conuainment,
16

would travel within that five degree area?
7

MR. NELSON: Objection, Mr. Chairman. I find itg

9 Y E' " ^ " "'* # E* " I"# # ~**
. 19

es m ny s witness.
20

-

How the concept of uniform distribution war. giveh
21 j

in relationship to the hich trajectory miccile and nct the icw !
22 i

!
trajectory missile. I think it is a mistpplication and a rais- |

( ~ . 23
l

intaroretation of the testinone.. alre d.y c.ivan, anc itg .

prejudicial do thi.5 witr.as s .

.

..

|

i
*

I -. _.- . . _ . . . . . . . . . . . . - . - _ . . . . . . . . . .-
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!
1 Ma. SIICIT: Mr. Stippich, did you as=.une a uniforr

7
*

/

2 distribution with respect to thic 25 degraa ancPa .u case

3 of the loEi trajectory riissile?
. ,

4 i
c 4 THE WITI;ESS: Yes I div. (

!

5 CHAIRMAN WOLFE- Do' ycu withdra.7 yetc: 1.; - : ' 1u . :.

.

6 ' Nelson?

. 7 C. NELSON: 'l o s .

8 BY MR. FARRIS:

9 Q Do you understand che quac'. On, 'c. . S t '.p;; ii- M.

|
.

10 m. set. : I thirn ue hr.ciq un _ >4t nr + -., |
1

g; hora. You seen to be thf.nking in teni8 o r' ' c o - 15 '5. % .n -

12 ways of looking at the probacilities , Iir. Parris , chwn Fr.
,

13 Stippich ceems to be. The uniform distribution !.c Mr.
i

t
\'''

Stippich's view is over a solid angle. That is not over
--

94
i

15 an angle definable in degrees, but in steridians
;

T o-
or some such thing. It takes account of the f act :hr. enly a

'

37 portion of this 25 degree angle with nspect ta w p.ans cf
i

the disk is intercepted, but also only a partion c2 :.r.e eleia- |18
i
t

tien angle which is an angle in a differen<: .dir=ction. i. s {jg
'

1

1

also intercepted bv this. i20 - -

B
-

hat is the sort of thing yon meant is:t ' t it ,
21

i

Mr. Scinnich? {
24. i
, -'

.

i

THE WIT'2SS: 7 s. !3, g
L

! FR. SHON. It i.s on thar. t h a t . 0'.;x -;" ma': .si. .w u24.

i

i based in the uniforre dictrioution per storidizas,
l.,m 25 :

;
1

t
-

,
t

1

I

.!.

.-v- nn
_ _ .,-e.,e . - - . . - - . , - - . - - - . - - -
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4

! 1 but he would never really arriva at the number that jo'u are,3
>

'

2 trying to generate,1/5 of the total.

3 HR. FARRIS: I didn't mean to sq thac. One cut Of

.m
4 five would strike. I meant that one out of fivs *..'ould be ut

|
.

5 least within the five degree angle and have the prchability o2
.

6 the solid angle plane., and then we have to factor inta the.

!

I
- 7 vertical plane.

8 MR. SHON: Yes.

9 MR. FARRIS: I understand that. I may not be clear

10 about it, but I underste.nd what you arc. caying.
I

11 MR. SHON: I see. The question is cartainly still

12 valid and you want to approach it both ways.

13 CHAIRMAN UOLFE: Do you undcrctand the question?

14 THE WITNESS: May I have the question repeated,

.

15 please?

16 (The reporter read the pending questien, as

17 requesta3.]

18 THE WITHESS: Yas. If you just considered a unit

19 elevation, that would be true. I don't know hcu that would be

20 helpful in arriving at the strike probability of a 1cw
.

21 trajectory missile on the containment. At ieast that is not

i
the way thau I had cciculated it. iI no

f
'I
I DY MR. FitR2IS :Le 23

t

34 O All right, sir, but if cur first Ctap ".s g2tting {

25 it to one out of five, tnd then t.".e nos:t step vocle ce to f acuor.

i
:
!
,

a

p9 '+'ew * e=-u-=ue- =-ymmee ea ey e. , w -i mummw- eem-w wa-w w meium- *-e-g e gge. - *' % -= * **+'mre e
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1 in the area from the horizontal plane up to the tco of the,
~. <,

/.

2 containment taking into account the c.rea of that vent, corre ci.:

it would 'e come range of chose two fi.gu ue? ''' 3 c

,) 4 A I believe so.

5 Q By the same token, then in the high tre.jectory lob,

! *

'
6 we could expect 1/b of the missiles to travel within an arec

! 7 from a vertical line of zero to 5 degrees, could we not?-

; O A Yes. If that five degrees covered the =ntire

g range frem cero to 180 degrees arcund the a::in of the durbine,
!-

10 and tie av> <-M king about fi- " grew cutward f r < :- t.. Av.s :

11 of the disk, yes, sir, thz.t would :ta cerecet.

12 Q From the plane of the disk outward, accur.ing an
,

outward turbine disk?13 .

)
%,

A YCS*14
f

Q That it has the sans ccnstraints a.s 23 degrees?
|15

, ..

A Yes.16-

In a high 'rajectory missila?Q c .

17
- >

t

A Yes, it has.,18

I
yg Q And then we could aartre from zerc to fiva csyrees, ;

t

we would expect tc see 1/a of the total missiler generate.d! j
20

. i

i
~

A Yas. j
'

,g
1

~

Q Assuming uniform distributioc? I,2 t~
.

i
A Over the entire 180 segraa arc, -v e s .- s_r. -

(, 23 '
.

\

"% - 24
i

25
,

?

i*

I
e

M- cwe--%--w. -- - __..w - _ _ _ _ _ _ . . _ . . , . ~ _ - - . . . . .
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I G And if we assume that, in order to be able to-s g
1

2 strike any of the plant area, a missile vould have to be

3 generated within 0 to 5 degrees, or would have to travel on

') 4/ the path of 0 to 5 degrees, then ue would have, for a high

5 trajectory lob, both plant areas or both units, therefore
.

6 both containments, subject to a strike within that area, or-

,

! ' 7 from a missile generated within that angle?

8 A I think that nany of the missiles that -- again,

9 looking at the entire 180-degree arc, many of tha missiloa

10 within that are would either be low trajectory nissilos, or

11 missiles -- high trajectory mf.ssiles that would be projected

12 far beyond the immediate site region.

13 a That is true. But within some angle off of the
%J

14 vertical, there would also be an angle off of the 180 degrees

15 right er left, some angle between 0 and 180 degrees -- I'm

16 sorry, between 90, I guecs, and 0?

17 A All right. An angle near the vertical would --

18 and 5 degroes out from the plane of the disk, would have a

. 19 probability of landing in the immediate cite area, and could

20 land on either containment, yes, sir.
.

21 G I guess my point is, Mr. Stippich, with a high

22 trajectory lob in two potential arecs effected, and ac3 cuing

(j 23 your uniform distribution is corr 2ct, I find it hard to

24 understand why the probabilities of a centainment structure

25 being struck by a turbine miscile -- t.hy those probabilities

_:

e- ... ~ w- - - . ~.,.%~. . . . . . . . - - ..-...,,_.-w.. . _ _ . _ . . . + _ , *._
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1 are the same. Can you explain that difference? Or, explain
-m,

2 the similarity? .

A I don't understand the queatien.
93
i

( 4 4 All right, let me try to ,uaka it henter. I
1,
I

5 A high trajectory lob can hit cither centainment,

; 6 potentially?

A Yes.. 7

8 4 A low trajectory missile, assuming the 25-degree

constraint is valid, can only hit one containment? |g
i
i

A Yes.
10 4

!-

G And for that natter, a low trajectory cet10 onu !j;
i

hit the other containment -- the other unit's containacnt
12

ma en rp n, e u s de; whereas, a high brajectory
13

w uld have the ability to hit th'e containment at any ocint,
14

"*" "*
15

*

* *# " "" #' #"' ~

16
t
'

G So I don't understand, and I would like for you

to explain to me, for a high trajectory missile there are twc
g

.

possible sources for a missile being genareted, and chere are
g,

two possibla targetc, and both targets have a larger ares
O

. exposed to the missiles.*

IA Ycu sav "two posoible acur ss." On a cer-turbine,
- -oo

--

,I

p?r-year basis, no, there is only cne scarce. It is r e-i (/, -s._.

that you could hit tto contcirnentc, N t cc determine thet.

24'

Iprobability there, simply acitiply the prahbility oy wc
25 !

4
%)

!

|
s

1

. . . . _
.

,
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i

anr1 that will give you the probability for two containments.'

y

3
Assunina that the probability - tho e.ran or

2

prabability is the cm.e for each cf the co... ti.. anta, it Fr 7-
3

n :: be; but for a wide range c- thnc nicui:n n m' of d to'

4i

-
- . . .. . ,i

50' reet per second, are s a rance e c p r e c =. o r. a, .ty zor
5

{
.

both containments for a high trajectory misnile a:rikes on
6

#
l

both containments which would be virtually che same.'
7

0 " Y" 8"N#9 # '''

8

" "
9

A For high trajactory.misnile: scrike, if 109. ' 3tJ'10.

g

the area, yes, you double the prota.Sili.cy ^ ? a s t e :..':- -;

G Mr. Stippich, since you have tuo cotantini ecurces

for a missile being generated, you would doubla not caly tha

\ end two targets for the ' missile to strike, you would double
14

not only P but P 3 "*11?y 2 J.

A Not at all. I said that there ,could not be two
16

scurces. There would he only one source for a t'.rbina Zailure
17

and we are Icoking at turbine faileres pcr year. That la
18

.

the P .
1

. 19

G But with twc turbines, the probability of a
20

centainment at Black Fox Station being struck, or rather tha-

21

probability of a miasile being generated by 312ck 7c:: turbiac
22

wculd be twice that probability, vorldn't in. la c q '. ran
i

_
23

yttr?
24

MR. SWG: :: tLink the Cifficulty ,0iccs . . . . -:h t.t

25A
= -i
U"

l
;

I

,
~. - - . - ~~-n--n .,n ___ ..n . . . _ _ _ _ _ , , ,
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!
j Mr. Farris wants to calculata th's total probchiliry on ;. <

.

t

3 containment atrike for Eack For 3t' tis . ihia.n # .v: 7. 7 ir. '

.

.:> contair.ments ; and icu 1.unt to acalcul:v; i :. . .1-
*

' .'r-

^'T 4 monn.'' eh#.ch in.:ludes oe.'.y one con cnir.m n:.

o- He has an adCicional factor of '.. It it; c .ru : ..t
'

- i

6 there are tuice as 1..any turb,nes that cc,c.1 4: . .:..t vu tc .g a
.. . . . . .

4

I

7 single containment strike, but he wants t3 dcm;3 :: r. z .n ' a ;- .

>

i
for the second containz.ent.8

3
;

Iun't this the big diff:.erence?g
,

; t n. . . pe'. m..v e .- T M .t.'s . s. - "o.. ~w u

.

'IR . SHON: Se it is c'.m ly a m. t t . w r F :.- . n i
-

11 -

-

i
.

12 want to talk about probabilities .c r raac':cr or per str.v.icn. j

And I think, since the terms ue have ucual'.y used have hean I
13

|

"per reactor" and the staff usually evaluanes in he=re: of !14 '

,

"" ^ *' ' ' #'
15 '

be many reactors at a station, it is erobably well : o .: ace
16 - - '

.

with the calculation that ':r. Gtippich has b 2n acin we..ch

includes onl" one containment but 'n!c soure m .
18

'

w .; . .,_ a , ,a e , , , . e. .: ..,. ..a. _ .....,.,.. u..~,.- . . , . . . ...~...:..>.,.
i

. a w . . . . .~ g a. .-. .--..
19-

.

.

that Mr. Stipoich described it in n-ras cf ra at'ce, rr.cha - i
.?O

-

:

t* hc. t. one cc.w..*. .i..; n.mn& . h_ -. *b a- n s .i 4-- - .- s .i.u
*

==.'...4.A.,< !,. o *4 **c.~~n.'_;**- . - - - *
.v. - .. .s

21 '

-
I

the tor'13.
22 '

.

..2-*,.r._. i74 .. 6 0*.7+*-. ? x. ** . ;. ; ,

u 3..
'w?.

. . . , , . ut,,.. . . . s n. . . .to .a .. ..,_. ...

.Mi ame

S O u r ~,. .su.i CW,
*

w. . - . u.4.. 4 .- m. . .m. . . *.s . . " . . ...v... ..>;*~.. - . ~ .
-

* - .:, .

28 -

5 .* * * 7 m s* ** .1.s G.? v,.. '

's'
.'*4J...

. ' '. .. m .4 9 .. . G b..~a. %
. .4....-3.~./. os.7.. ..~G..

,.r ss 2 s.'.J. .
-' . . . ' s .-

25 !
,

,
I

4

a,
4 3

-e.-ow.oe-w - q
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i

1 from two different scurces if they are high trajectory
G.

* '

2 mit:ciles, can it not?

3 THE WITNESS: Yes, sir; that ic ccrrect.
t

'. 4 MR. SHON: That is probably the hast uay be loch

5 at it, since the probability of a containment or reactor hr/ int
.

6 an accident par year is dependent on the fact that ic is

- 7 sitting near anothar turbine, also.

8 THE WITNESS: Your point is well taken.

9 MR. SHON: That is one way to 100:: at it: cno

10 containment for two sources for high trajectory. z.nd one
}
l

11 containment for only one Source for lou trajectory. Does

12 that make sense?
.

13 THE WITNESS: Yes, it does.
),
/

14 MR. SHON: Has that straightaned anything cut?

15 Or rade it more complex?

16 I4R. FARRIS: That is what I was getting at.

37 BY MR. PARRIS:

gg G Then your analysis is really most valid for a

19 single-unit nuclear power plant with one turbine configuraticn
,

20 and one containment.
*

21 A I think that Mr. Shon's uay of looking at it would

22 certainly be rational -- although I don't think that the

23 results would change. I think that che probabilities >culd
,

be identical. It is a question of .;hether ycu anitiply the24

25 f the containment by 2, er simply double the probabilityares

-

t_._____ . _ . _ . . _ . _ _. - . - - ._ - -- - ,
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}

t of a failure per year to acccunt for n'a conrecu, And 2
O

i

2 wo:lld agree that, yes, chat is a "cr r r e r. c w . . . o.v tc ' ch. .
$

f
.

a cr. it, and a helpful way to bo! ac it. r ,; . l. .: d c a s 2 0 L ._: w e ,~

l
x 4 tha result of che ant.lyaia . '

5 2 Are you saying 'Ir. Sti?pich, c... .t : .a 1:o.uibii.i-c. -
~

,

:'

g of a turbine missile stri':a on contcinnerin ut 'Sa Blad T'o;;. ;

i,

7 Station -- a two-unit staticn - ;;ould ha un L :an aa rce e. !.
-

.

I
g one- unit station? j

i
!

9 .1 Mo, sir, I didn't say that. ;

:

10 C'. ?!ould it to iprae.i: .c at ::m T ' ; ...:. Y.); 7 _ ..:c'
,

f
1
!A. It 1: auld he grcar.eit 2.> r ". a 2 - : n ?. c . ;. ' c - ....c . .11

end #,1 12 for a one-unit staticn, yns, by a f ac c:ir of 2, i

f
I13

) f..
. ._.

14 1
r

(
* '

15
:

16 I
i
6

17 ;
.

I

18

4

19 i
t.

:
.

MO' ,

I
.

2.1 .

I

.e I,
'

f
6

23 -

,

1

24 ;

.

,* ee

i
*. ,/

6

I
li ,

-

>
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1 O Mr. Stippich, a high trajectory missile would also

O
' 2 have less or fewer barriers to go through to exit the turbine

3 building and to enter the containment?

4 A Yes, sir, it would. The barriers along the sides'

.

5 of the turbine rim are not high enough to intercept a high

.

trajectory missile, and we have not taken credit for any of6

y the turbino building roof stru.cture in impeding the missile.
.

8 That is a concervatism that is built into the calculation,

9 although it would indeed have to punch through the turbine

room roo'f.10

yy 0 Mr. Stippich, you indicated earlier that you collou

to some extent on your judgment that turbine missiles vould12
.

be generated in uniform distribution over 'bnir angle ofg3

14 constraint,that you relied on Westinghcuse's turbine analysist'

**'*** I
15

A That analysis was the one that described the 25
16

degree restraints, the Westinghouse analysis, and that has
37

been considered to be applicable to all nuclear ' nits in a
18

nu ber of licensing applications.
19

.

0 Mr. Stippich, don't GE turbines have heavier uheelu
20

and buckets than Westinghouse turbinas?.

A There are differences, but it wouldn't n2coscarily

affect the distribution of thc . missiles or of tha fragr.ents~

3

of the wheel in the event of a turbine failure. .

4

Q Mr. Stippich, how many low pressurc secticas will

'...e,N*

t_ _ _ _. _ . . _ _ . . _ . _ _ _ _ . . . . _ _ _ _ _ . _ . _ .
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|

|
1

the Black Fox tur'aines have, each turbine builditq?O
P. A There would be three 1cw prcimu 3 . m tio:u .c-r .

,

i

3 !pressure hoods.
'|-

I~ 4
Q Is each low prec; sera ocction conaidirad r 'r&ino I

.

5 for purposes of thatistical probabilicies?
.

6 A No. The statistics are basen upon uaico which
1

1

7 include the entire turbine generator unit.*

8 0 The turbinas have different -- thtj are larger,

8 have different -- scme heve more turbin. low preastca c,ctican

10 than olhars? '
,

ll A On 31ack Fox, no. Th a tv o uci us : r:s id: 1':la ll . |

12 0 In the general turbina population?

13 A Oh, yes. There is a differenca. !
i :-

14 0 would you say that the more turbine sectiona there -

TS are, low pressure sections, that the greater probebilit-j there

16 is for turbino nissiles being generated?

ThestatisticA;donotindicatathz.c,17 A . no.

i
IS MR. FARRIS: '72 have no furthcr cuestions, .'c. !

,

19 Chairman. We pass the witness, i,

;
i

20 CHAIRMAN WCLFE: Mr. Nelson- redirect? |
t..

21 REDIRECT E:GMIUAT7.Cc !

|
22 B'l MR ::ELSCN:

'

23 O Mr. Stippich, ii. questioning yostardJ , :'c . ?aris }f
-

' |
24 made reference to ':ha scccrd ertf.cle 7:'.; .: chef ' - : b.- Jurn. *.

r
r
i

-
25 Do jou recall Sct? !

t
e

- I*
r

.

t

'
-

,_ _ ._ _ _._ _ _._
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A Yes, cir.
3

s'
2 0 Have you had an opportunity to review the second

article?3

4 A Yes, sir, I have.

5 0 In the second article, did Rr. Bush make further

6 findings with respect to the key 1 value that he ned predicted-

in his first article?7
.

A He says, and I quote from the last paragraph of8

the article:9

"The preceding zalues using more sophisticated
10

techniques comparc favorably to the volume predicted for 1977g

in the earlier report; ncmely a failure rate ZT of about
12

# "* Y""#*"
13

'

.) I would judge this to mean that he was satisfiedg

with the value that he had given in his previous paper, and

" ""U" " ^ "' # " #" # #
16

reasonable estimate of turbine failure rates to use in turbine

* '

18

" " "" ' '

19
'

nava said what value should have been used in the analysis,g

other than the one presented in the first paper which has been
,

used in many, many licensing applications.

Q Mr. Stippich, referring to the paragraph immediately

''

presading what you read 1 rom, did Mr. Bush provide numbers

|
for the P1 valuei

25

|

1 .

- :--.- -.. . .. - - -. - - - _ ,
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1 A Yes, based upon the method that he used, he'

'l ,,

2 concludes that the range of prcbacilities could be 3.2x10-3

to 3.1x10~4 par turbina year for a turbin populition3,

4 corrected to be relecant to nuclear ~rea:P.crs, and his crigina'.'.

5 value in the first paper fz.11s within that range, which is

6 undoubtedly the basis for the statement in the succeeding

7 paragraph. .

,

8 I see no reason to change the valua for turbine

missile turbine failure rate.9

10 0 Mr. Stippich, would it be your interpretation

that from a raathematical and statistical point of view, thatgg

12 it would be appropriate to select one of the values representing

the extrema of this range that Mr. Bush has given?
13

T

> MR. FARRIS: I object to the form of tnat question,
94

"* " #**"* *" "" 7 9" " "*
15

CliAIRMAN WOLFE: Objection sustained.
T o,,

DY MR. HELSON:,

37

Q Mr. Stippiah, you indicated in your previousg

answer the numbers that Mr. Bush had provided in the article.g
.

N uld it be appropriate to select any one of these values?
20

A He made no -- stated no preference for one value.

|over another. He stated it as a range. Ag , .1.. , uue w_uad

}

given here are two significant figursa. Perhcps he intended }
23

|-
t

to leave than for the reader to Icend of f.,

I :nink the point here, nhough, as thac in ny
.

- 3

,
s

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

t judgmant, reading the article, that he was satisficd with
q

2 the number that he had coma up with in tha p3.aceding study,'

3 and he gives no preference for either one of thste nt:Osra,

4 limiting the range.
;

5 0 And does the range thing represent a ra::g? of

'

6 Probability?

, 7 A It represents, or it could represent thu extrens.s

8 of failure probabilities and, indeed, he used the Veibull

9 method to detarmine thic, and the Weibullrathod is ac extrena

value method.10

3; So again, the most likely estimate ta La used

12 in the turbine missile analysis would fell uithin that range,

but it isn't likely that it would fall au those extremas.
13

Q Now in the analysis you performed, which you had14

described in your testimony, what value did you attribute to15

the P * #
16 1

A The turbine failure rate, the overall turbine rate

10-'I per year.g

Q Is Ehat value within the range that Mr. Bush gave39 ,
.

in the second article?20

A Yes, it is.. __

Al

c5
22

23
_

24

25

- - - .-.- . - -- - - . . . . . - .
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1 0 Baced upon your review of Mr. Such's second

' 2 erticlo, or , yeu saticlicd that the w"ua -' .a A.e cc is
}
:

3 still a valid succaption? ;

'

4 A. Yea, cir. !
l,

5 G Woul? you onplain that, a base?

5.

0 A. I quos,i I would hava to .w. plain th.t on tM h?cis j

. 7 that the populaticn of the actual nuciaar unitu chat ho -

0 uses is rather c:all. And, that in all prob:.:::.'.ity ths ,

l

9 precision that is given in the article is not.:vd; cnat

,ta e - f_ C.. - :to perhaps cna chould round off tho rhar- te .' -'' -

tt cant figura.

f

12 So doing that, the nur:Ser.5 vould ba escon.'.iall- f

13 the sama in the second article ac in the first article.

i
.''

g4 G And if you were to round off the values d.ven 'cy ia

I

g Mr. Bush, as you just described, uhat t:ould the rcundrq off f
I

gg result in? i
t

,

.

dL A probability of about 10 I17 .

!
t

gg G In that what you used?
.

t
A Yes, air. }ja

t~
.

I
0 G Mr. Stiopich, in cruestioninn this rorning

4 --
.

,

Mr. Farris asked you, with respect to the barriers ;;hich-

21

|would have to be perforr.ced by a hign uraj.3ctory raissile, e.c .,,
. ,

f
f

cc.mpc: cd to a low trajuctory missilr..23 .

.

.

al
e e e 4.e- .- **es e *a eg

barriers, ca%ing fir. t the Icv nrnj ec te cy ~.sicc. M !,.,_

|
a

.

s
e

. 9

,- _. - _ _ _ . , . _ , . _ . - - . .- . -._ __ _ g
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i

I
,

A. Yes. After a hypotheticci raicsile punchcd chccugn -

7 ,
1

!g tha turbina casing, it vould have to p:rforr.r2 .,. ? 1,'2 fe;c

3 th'ch radiolacical ch:'.cid alcng the side c'' "> - ' ~2
'

- ,

4 r re:A t , and than it would hr.va to crSrcca . -c r - : : .c::e .

I

5 ch:. eld building wall, and .: hen just ctop cherc ul :11 5 --
|
.

6 Perfornting a 1-1/2-inch-thich mild steel com.a.n.wat we 01. j
-

.
7 G And when you say "stop short," you e.onn thm- if i.t .

,.
.

did perforate the containment buildinc, you wculd , Gen !g
!

have a damaging et-ike?g ,

,

A. That would be couai:Zerof. m n'ucc-p !...d:3 ~ .r ,ri?. a .g

v ,. . . .,, .

t3

G In the cace of tha hich tra-iectorv. .;izeile, can -
<, - -

s.si

you quantify for us the thickness of tte barriars thac uould :
-

L,>
;

; 5have to be penetrated? !. 'y
14 ;

h. Again, after leaving the turbine caring, the n.issile;
15 s,

would have to perforate the 2-fcot-thick roof of tha ,:ccid !
16

3

|building, and the 1-1/2-inch-thick -- stop jus c .:horc ?

,

perforating the 1-1/2-inch-thick nild eccel ccntai: ra:nu vessel .;
,

C. And again, if it actually did perfor'tc the ic' car,j
19 -

!'

it would then be a damacing strike ~
20

~

t

A Yec, sir.
21

*

G Mr. Stippich, I believe Mr. ?.u.d.' also asiced y:>u
> - > 1-

whct w 2 the maximuc. angle of che high r.r .' :. c :: hT:-f mi::cilu !
n>
e'.e.*

$
' ' '

that 7ould strike the containrer.t. And ir. ansi.5r. :ca. -

24 '

racpended that you had not cr.let.la :cd chat. " s ths .: 2 :rs - ::?.

25 '.
'r 4

%_.' t

s

.

-~ asp., ,ws..m..=, mw .,%- . = -~==ae * * * + 8''** * - * ' * " ' * * " " ' *" * $
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|
!

1 A Yes, sir.

q
2 0 Why didn't you calculate that?

3 A Because it didn't enter inte my c<lculations in

4 calculating the strike probability.

5 G Are you assuming that all missiles within the

6 25-degree-angle distribution would strike containment?-

,

I A No, sir.
7

9 What are you assuming, then?8

A The assumption depends upon whether you are9,

10 considering high trajectory missiles or low trajectory i
;
'

missiles.gj

In the case of low trajectory missiles, it was12

based upon the ratio of the solid angle subtended by the
13

T
-> protective structure to the total solid angle of the pcssible

94

m1Ssile directions.

In the case of the high trajectory missiles, the
16

probability would be a function of velocity, and with -- and
7,

the direction, as well.
8

* * ** *Y # ** "#*E *' "*
19

.

iS based upon the trajectory of a -- from a classical

.
ballistic standpoint; the missile is projected into the air

and comes down.
22

Now the original angle and the velocity dotormines

the point that that will f all in. And if you take the bcun-

daries of a unit, solid angle that is near the vertical, and
_

W

4

6

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



i
6-4 jwh 7829>

1

1

1 determine whers the missile would strike in the plant site
n

# 2 region at each of the four extronitier: of thct solid encle,

3 ass' rain; a roughly ;quera aria, then that would defina hae

4 strike area for the fractica that the unit's ecliti sagic. bears>

5 to the total solid angle.

~

6 And that would, by dividing the c by the total arer.,

. 7 then you could come up with the square-foot strike probability

8 for uhat particular missile in the plant site.

g B Yesterday, Mr. 7arrie acked you a question. .I c. a i

10 r2 ferring now to page 7772 of th.s trcnceript. I t;!.11 naa it

verbatim: "(1 And would '/ou asstnc.e, tharefora, chat no9;

12 lack of any miscila being generated at a nuclear pcuer plan :

13 thus far is insignificant statistically in light of the

14 numbar of turbines that are being used in connection with

15 nuclear pcwer plants?"

, 16 Your answer,IIr. Stippich, uns: "A That would

77 be one presumption, but not accessarily the only one, that

could be made on the basis of that data."gg

gg Po you rect.ll that question and anwar?
. -

A Yes, sir..
e.0

.

G At this ti: a, Mr. Stiopich, uould you indica bc what.

21 -

22 othar nrasumptions could be made?-

23 t de er. tire population r.' I trbi.w.s :culd heA
-

.

24 repmsantative of tPc nucicar v:pua: tion ..c cell, e .=a cec; - ;

I
the nuclear population represe:.ted caly .:n m.all wi.aal cf the25

.. .

!

.

- --ws- ...-.-w. . - - - , , - . . - ....--e. . - - - - - ~ * -
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,

1 total population.
^

,̂
'

2 And I think that this has been verifiad by Bush's

3 second paper where indeed he did try to quantify, or

-- 4 characterize these failures that would be applicable to

5 nuclear turbinas, and indeed the probability was the same for

.

nuclear turbines as for the entire turbine population.6

. 7 0 In questioning this morning, Mr. Farris asked ycu

8 about the 25-degree angle of distribution in the context

9 of its having been developed in a study by Westinghouse, as

10 I recall. Do you recall that?

11 A Yes, sir.

12 G Are you aware, Mr. Stippich, of whether the staff

13 has accepted this 25-degree distribution as appli:able to

'

14 nuclear power plants?

A Yes, sir, they have. It is part of the staff15.

16 position as indicated in Regulatory Guide 1.115 on low trajec-

tory turbine missile protection.37

18 0 In questioning yesterday, fir. Farris asked about --

if I have the terminology correct -- the radiolytic decomposi-19
.

tion of water in the turbine area. Do you recall that line of20

questioning?-

21

A Yes.22

G Correct me if I am using the terms incorrectly.
23

I think you mantioned that there would be a chcrt-lived
24

## 8 P ~
~ * 925 |

i
,

.-_-_e- - , - ,,,-.~._.m.,.._.-e .n . . - . - .. n m n,...-.. . . - - -
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1 A N-16, it should be.
s'

0

2 0 I cea.

3 And the quection he raised wcc whether :his esculd

4 poss any problems for maintenance in uhe turbine area.

5 And, as I recall, you answered that: It might"

.

6 make maintenance more difficult."

7 Is that right?.

8 A Yes, sir.

9 G As a result of the difficulty for tha maintenance

10 that you testified about, would'it be your opinion that thare
,

i
t

11 would be a higher incidence of missile turbine failurer>?
|
|

12 A Not necessarily. I

13 I think that steps would be taken to overccme
|

J
''

14 that difficulty. The isotope in question is short-lived,

15 and it decays rapidly. That helps to take care of come of

16 the difficulty, and it is just a question of using maintenance

end #6 17 methods that are designed to overcone the difficulty.

18.

19
.

20

'

21

22
|

23 I

|
24 i

i

25

_

sww- e.* gh. m. e -- =*.m.
g
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Q Mr. Stippich, in responso no a question, I believe,
m

asked by Mr. shon yesterday as tc the valuca y: tcun9. ic your
2

ant. lysis, and uhich you are d 2 scribing in ye'ir tas tinc.w '?cr th:.: :
3 i

;

factor of P
4 2, I belicve ic ea your h e c t ilto n y k n e e '. c t h i n t.'t.-s

I

cace f the high trajectory missile and the low t::njectory
'

-

5

" SU "'Y" "" " V" U" f II'~ cr le':c; is that
'

26

7 right?
,

8 A YeS-

9 Q Let's take thre high trajectory rc.? ncile first.

10 Can you tell c.a wn.r c spec 2. :.c value fou feued' tcr |. . - . -

.

.
e

thu P factor? ;2gg
.

A That would bc 0.ux10-4 per centainz.ent ,i n h t.A>12

13 missile sources, in the context that Mr. Shon gave tuo
,

14 Probabilities.

15 Q Ware you finisned?

16 You are saying 6.0x10-4 and one can vicw chis

17 either as a single reactor with two sources, or one source

18 and two containments as a target.

19 A Yes, sir.
.

20 Q And this represents the P2 value for tile high

'

21 trajectory?

22 A Yes, sir.

23 Q Could you en? lain,. plea:a her/ you derivaf. that

g4 figure?

A 'fac fir e stap in th'a ar. ly.3ie was :o <Ie brnine25

_

n s.amee
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i
'

t
1 the range of velocities that :cuid- cam e tmc.1 ';c cha

m,
2 containm nt, and that could :o thu : arfora:. - - -'; ; ac. . , n- i

.

i
i

3 ment.

"' 4 Thic is .;ahrza as .ho b.1sia .'o c ;
.

r.r; ,
i
1

5 and this was arrived at by ncing the mul...y.'. . >: -:- .

'

.s
4

.

cc:tcept in regulatory guide 1.15. jG
,

7 I believe that is Recht & I,c o o n , I-p-: - c- a : I
e

i i
)
.

S th31r concept. j

0! O That is what revisien of ch+ rea c.. ~ ~
-

.- ;

I
*

10 A Poe'/ision 1. The late:rt revis: or:..
g

4

, - * -
11 Q oc you hae.. ,c. .us rac.:or rup recem.. _ : _. e -.

,

i . ;
,
- t

12 thth could cause damage? ,

,

1
8

13 What was the next step then in the c: L y c.c?c
\
> .
,

a
14 A The next otap was to determine the uni crea .

:

15 strike probability in the irr.ediate ricini:y or c..e .;.. n :, or '

i.
t

the velocity that corresponde. to the .'n.:..:- .. .. :.6 . c. -- ,.
--

.so
,
a
>

.

vtrlocity. [17
!

gg Q Could ycu give :ce the valuco for ch..s; s::Pr . s c
'

,

.

*
4 '

39 wa are going along?
.

t
A The minimum ddIIaging speed or, I -:hwh :ay :he :20 .

- :
4 .

21 miaimum speed required do tenetrate ti.e cocR cf ' ch. aniald ;-
- ,1

I !
s

.e . . , . . e e

@ u O).Oh * r.G S op just .thsort O.to. p 'ar.3 2 d c..r.g ';!.1*' -' c c. T.J. 2. 7:.' .n i ;]
.

y. %a u a SC.i. d e .sp. a . .D.
#. s * p*g L3 h, t- r ..* F-c .*. /..'9, w#4.y $s. .

* -1F**85

.a . -
gg

,

9

,
1- !-* 1 'l... . . -3 4' s. 4p 4 ' n ,s f. ), S

%A<- 't . J. b . =, .".~ L= 1 . . . . a. J .= .,. . . ; = f. - .- . .. - . 3
.-e= - -e
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M
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i -

1 6.4Cx10-8 per square foot.
7

2 MR. SHOM: Mr. Stippich, would you say a ucrd or

3 two more about how that particular calcaintion is carried out,

4 how you get from the velocity to the probability?-

5 It seems a very complen thing to me.

'

6 MR. FARRIS: Mr. ChaLrman, I wish the witness

i

7 would identify what he is referring to as part of the answer
.

8 to that question.

9 CHAIRMAN WOLFE: Mr. Stippich, what are you referring
l'

10 to?

11 THE WITUESS: I am referring to my uceking sheetn.

12 MR. NELSON: Mr. Chairman, I am prepared to provido

13 copies of the work sheets he is referring to.
3 -

->
34 [ Counsel distributing documents.]

15 MR. NELSON: I would like tha record to reflect

16 that counsel for Applicants has provided copics of the work

17 sheets to which the witness is refarring in giving his calcula-

18 tions.

19 THE WITNESS: This set of work sheets does not
.

20 indicate the method used to calculate the .~.it area of

21 probability. That is the one that I attempted to describe*

22 earlier in my testimony that is based upon the missile

23 velocity and the classical tallistic formula, so if we start^

-

with a unit solid angle and ta!a the ratio of that unit24

angle to the total solid angle, calculate the area that a25

_-

=,-ww-- n ~ - , _ .
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i

'I missila within tha't unit. angle would circuraccriSa on the

2 grcund in the landing zona, than r. hat is the urit trca !
1
'

3 probability.
,

!
' 4 !!R. SIf0H: You are taking che un.r pr .e:2hi'. i W -

>

5 as dependent upon the rat.io benusen the arer. of cariko'and

.

G the total area of the target zonc?

k
7 The probability has to be diaansionless tc tagin j.

0 with. You don't have the chae3 wherein ycu dio this Jcruicular-

D calculation, or did you loch it up, or that?
.

10 It. seems to be a / cry cc:..plc.< alu. ..:.cien li cc i;;ing s
t

. .. i.
11 .L o t o r.. asser pnlons . :

,

12 THE WITNESS: I really don't think it is, sir.

13 If I could explain it, it is really a ganaric thing, and isn't
,>

~J
14 that peculiar to ny missile analysis. It has been uced in nany

f

15 analyseu before and --

16 MR. SHOM: Very wall. Go shend.

17 THE WITNESS: The difficulty I am hiering in

18 com:nunicating that is, I think, the probler in cc:amunicating I

I

19 my description.
.

'

20 I would like to -- what I have done was to coniputa

.
'

21 the actual landing zone area for an engle at the orig.in g
*

22 that is right at the veetical, that if a missile -:cre pro getz..

23 in a five degree by fiva degrca solid e.gic acjs cat to tha ;
I
t

{24 vertical, the arc.; of :nc landing ?.cra -?c'?.' d . .02.i9 ' i:::e 9A

l
25 the V s:Iuared over G quantity rquarac bascd upcn 2h=. cii5sical |

1_.

f
f
I

b

._ _ __ _ _ _ . _ _ _ . _ . . _ . _ . . . . _ _ __ .,
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1 ballistic formula.
'

,

2 This defines now an aroa, and then if I evaluate'

3 that equation using V as.an independent variable, I ccme up

4 with a unit area strike probability of 192/V2, and this is''

5 based upon the fact that a five degree by five degree angle,

.

6 solid angle, is 1/180 of tne total solid angle.

. 7 MR. SHON: Fundamentally, then, ycu tcok a five

8 degree by five degree pencil at this velocity you

9 had determined, determined the area of the circle thus

10 generated by the impacts with those parcmeters of discharge.

11 That is velocity and angle with respect to the ground?

12 A trajectory like a gun trajectory?

g3 THE WITNESS: Yes, sir. Essentially.

/

14 MR. SHON: And then to get the probability, you

15 introduced a fraction that represented the fraction which

16 that five degree by five degree pencil is of the total

37 solid angle of total projectednese as around the turbine

blade; is that right, sir?
18

THE WITITESS: Yes.33
.

CHAIRMAN WOLPE: Excuse me a minute, please.20

Off the record.-

21

[ Discussion off the record.]22

CHAIRMAN WOLF 3: Back on the record.23

3Y MR. NELSON:p

Q Had you couplated your explanacion cf hcw you derivec.
25

_

l

-. .- - . -
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1 the unit area strike probe.bilit'/, Mr. S'ippich?c

2 A Yes, sir, I hc.f..

3 0 Mhat, than, wzs the ar t stop in ;7our cc.1::alation?

T7 4<

5
.

6
8

7*

8

9

10 |
|

11.

12

13 ,

!
s

14

.

15

16

17

18

19

20
.

21
.

23 e

.

24
4

25 !
4

!
- 1

i
?

6
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1 A Again, referring to my worksheets for the specific
m

'
2 analysis, I used the geacral equation th st had he :a dorived

,

3 from the cicssical ballistic formula *rit'. V as ch ir,3 ace.nfentjc

!

4 variable. f''

I

5 That would ba 192 divided b-/ the 4th povar of V,

~3'

6 auf I came up with a unit area probability of E.4 x 10 ..

l
7 I had calculated the effective aren of the cont 2inzant head

.

.

8 to be 9000 feet, 9000 square feet; r.ultiplying this by the
,

9 unit area probability gives me a P., cf 5.3 :: 10 ~'t' for one
- i

10
containment, and one soarce.

y; Nou for both contair;uents, the quantity oul.1 bc

2 times that, or 1.l'6 x 10-3 That is fo: the minir.urt speed12

of the damaging missile, 234 feat per second; but that is j13
i

'
'

/

not the only speed that the nicsile can have. j-

34

The range of speeds is Irca 0 to 503 iset por
15

isecond, or nominally 500 feet per second.
16

G Raflecting on the steps that you have justg

** "" e eva y u sa d you had
18 '. n w , r. pp ,

4

,

app e general ballistic ferr,ula? Is Enan riqP.Yt
.

19

A Yes. That was to derive a general equation for
20

- relating uni area probability to velocity.
21

G Okay.
22

And from what source did you get this canaral
23 "

ballistic fcrmula?
4

IL I- ic in any inciacering r.2:hanics urt' ach.
25

'

|
1 ,

i
t

__ g
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1 The next ste-) ~,.>:.s to de. fine the strike probability
-

\

'

2 at the apper bound veloaity of 503 #ae; - ?. ,o : .ni . S'.

3 unit .*.rsa of probaiailiv.-r iseme the we * a :s :r, ,t wi .t e
t

i.n
4 ons, e<capt using 503 fo.it p r secom: ': 3 .: 's - . r sy n. . c.-

5 fo J t: . !
1

i.

Now it is, o.' ecursc,, hivns- h tasus Y . r-alo0My6 ,

i,i
,
' y is higher, and the prob.*bility decran.ra, as the 4 :n r ar of I

,

i
i

8 tiu velocity,
'

!
t

i
g 0 Could you en lain, i-han , d.r e a aevare.u maly ; j

t

10 m parformed at thic h.'.gr43r ulccity vi n * I

I
4

;j A. Because the niu 11a do.9e't ~sem a.:Dr/ '.u. - ca

12 have a velocity of 234 feat par second, u 503 'es t >a r

second. It is going to hava a velocity that 12.es somewnere13
'

s
,

34 within the range of 0 to 503 feet per second,

15 0 Does the lat:er value, then :enws. ant the ucper

.
bound?1=

A. Yes, it does.
17

D. Could you explain why? !
la ,

A. It is based upon the rui5ca' m l oci .2/ of ir.c |19
.

.

miasile after it punch =.9 though the tu cbi ne c.?.nin . A '
40
,

f

I

co:tain portion of the initial kt.netic ene:c7 of ;ce n_.n,ile i
21 "-

will be dissipated in cunching th;; uch : M c c.a i r' . ca! the
!22 -

I
velocity ther s c,.lenlatte -- th.4 leniti.nu ve;acit- i..s M u r -

43 i

jcateulated then or ee -. sis a. enu e? s um - o. :s. a,
e -e ,

w

. re3i@2al kinetic ess.Gr9y S har the "~.i.43i1G J2ch ?. J; OrJagl. -~ !
20 (

t

!

!

I4

._. . . .
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1 !!R. SHON: Mr. Stippich, th'at bothers me a little
-

2 bit, your arithmetatical treatment of these tuo velocitics.

3 I think it is true that the icver velocity is the icwor beund

4 for penetration and the upper velocity is the ur. par bound for

5 total velocity, because that is as fast as he wheel spins,
.

6 so to speak.

|
*

7 You have taken an averaga of a cample linear.

8 average of the two diffarent velocities of the two 6.ifferent

g probabilities per unit area correspcnding to these velocitics.

10 More proporly, should one not regard chese as

11 limits of integration, and integrate the distribution of

12 particlo velocities from the icwer bound to the upper bound,

13 summing them all, rather than simply taking an average?

''

34 In other words, I say that the total probability

15 of a missile strike per unit area is the sum of all

16 probabilities of a missile strike per unit area, the integral

37
fran 234 feet per second and its value, to 300-and-uhatever-it-

18 was, 503 feet per second.

19 Is the averaging process you have used the same
,

20 as a straight integration?

'

THE WITNESS: It implies a uniform distribution of
21

velocity over the range, which I think is reasonable because22

the damage probabilities that are based after the miesile23

leaves the turbina are based upon its ability to penetrate24

e ner t an t penetrats stee , and basically these are
25

-

e+www a r.h a=-e+
%..
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1 linear functions.
_-s

2 HR. SECN: It raher, funda:c/ancal!.y, th e asse.speien

3 that there ura --- putting it in a crude "ny - ':he r,'e

-

4 number of missiles at overy vr.locit', or the same probabilityf
,

t
'

5 of a missile having any velocity. Ic chat right?
.

6 THE WITNESS: Yes.

|
7 Int. SEON: Thank you. I think I unders car-d, nou.*

|8 BY MR. NZLSON:

9 0 Had you completed deceribira the stapc in jour

10 calculatica, Mr. Stippich? ;
i

11 A. The ne::t step is the averagir.g o. op chn ic:, 3acn ,

12 was referring to.

13 And then the final stop is no calculate the
,

I~

final P probability, uhich is 5 x 10~4 for two conteinments, t14 2

15 and one source: or, for two sources and one containment.

16 llR. SHON: I find only one thing that I might

37 disagree with. Your second P -- that is, the upper hcund

18 velocity -- you didn't doublo that one to account for two

19 sources. You did double tlw other ona. I think they chould |
.

20 both be treated arithmetically in the arme fashion, j.

- . 4

~1 shouldn't ^:hev? I
: > .

5

22 TI*E WI"i1EES : Ysc, air. I

i

o- MR. SEOIh ''h:st wod.d all**htl'r raico you -
-

.
.

M

probability. T thi"k.i eculd rs.-n: b" dmt ,15 er *
,,

m -

,

c
y something times 10 " not nuch. It veuld be. a lit:1e bit {

l
I.!

}
.

f

.'6
,e

.-- - . . . _ .m ..
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i

1 largar. Is that right?
-

2 BY MR. HELSON:

3 O Are you able to determine whether it would change

4 the rauobers, as Mr. Shon suggested?

5 A No, I don't see where, in what step --

'

6 MR. SHON: The top of your second page, you have'

. 7 calculated a figure called p, as 192 over 503. That is

3 x 10~9 A few lines down, you use .3 x 10-0 which is the8

9 same number.

10 I think this, however, is the number which in

j; its nature should really be doubled, should it not? Ycu hs.d

12 doubled before to get your 6.4.

THE WITNESS: The 6.4 that was used in relation13

there was not doubled.-

14

MR. SHOKs I sec. No, that's right. Okay, you're15

correct.16

THE WITNESS: And that completes the description
97

,

f how P was arrived at for high trajectory missiles.
18

MR. SHON: Whero does that factor of 2 onter into19
.

the rest of the calculation?'
20

THE WITNESS: The P2 value rounded off, the one-

21

that appaars at the center of the page, is 3.0 x 10-4
22

-4Doubling that would be 6.0 x 10 '? hat is where the far o-.

23

of 2 enters in.
24

E' "# " * ""9" Y "# " ' ' " " "'

25

-.

v & gg v.w - <
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1 THE WITNESS: Uo, sir.
.

.}2 MR. SHO'i: You have ?y nP 5 n 10%e and 3 x 102r ,

3 wcitid it not?

4 THE UITHESS: You, that value vor.id chango,
m

5 MR. SHON: Your final ansucr would actually he
.

6 closer to 3 :< 10~8, then --
.

7 THE WITNESS: Yes, sir..

8 liR. SHOU: Thank you.

9 I art corry to have interrup52d so much, but it

10 was confusing until we cc.u thase figuras.

11 I~think nou it is cleared up a grant daal on

12 what Mr. Stippich did.

13 tiF.. NELSON: No problem.s

j

14 Mr. Chairman, it occurs to me that it might be

15 mora afficient here to offer the witness for cross-axamination
.

16 on %e scope of the testimony he has just given, hafore I

17 proceed to the recapitulation of t'le calculation for the
.

end #8 gg Icw trajectory missile.

. 19

20
. /

21

22

,

!

24 |
i

25 j

_. l,

.

,

i
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.

1 C11AIRMAti WOIJ E. Is there croaa--enaminr ticn.
m

1

2 Mr. Farri3?

MR. FARRIS: Mr. Chairman : think - "On16 li!?..
3 1

I

to Z336rVu '.h3 right to i-he arc.':s-owi:.inc:c.i.c:. an M.i t, *

t..

4 i

wo cen6.uct tha rest cf aux crocc-exc.ination.5 I
I

,

CHAIRIIAll WOLPE: Staff?'

6
:

MR. DAVIS: I!o cross frca t!.e Staff, Nr. Chairan.
,

;, 7

CEAIRMAN HOLPS: Ue will procead.g

Fir. Parris has reserved tnc right to cron. |9
f

Dr. Puracx. has a question,
10

jy , I h ?.l.tav 7DR. PURECX: I s.m a littl2 v m d'..d bnero.

y u indicated you take tha Jn10-4 nnd ycc doubic tiv/c and
12

you would have the probability of the nissile generated by
,

d one turbine striking t.o tuo containmentc. Is that whct you

are sayina?
l'

- -

15
'

THE WIT 3iESS: Yes, sir. Or, converselu. t to
^

16

sources striking one containment.

DR. PURDOII: I guess the question that seems to b2

19
.

of two sources and tuo acntainr. ants, crobability of a v.issile
*

! 20

heing geaerated an$ hitting either of the two con::ainments?.
oe,.

THE WIT:IESS: If cne vera ts consid.er t:co sourcec
22

and. the prchabilit" of strike on t: o conunin:ncets, iG =.;culci be
--

det.ble what is here.
24 t

OR. PURDOM: ThanP ycu. |
LS

-

-

e--- - - - - - . - + ..
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1 SY MR. I!ELSCM:
.m

1

2 Q DCes 'Ch.it CCI'ipi 3td ". Oui. d h.-.? d.'eti Tl C ." j~L.'

i .

' ' ''

3 calculation for th. hi : tre j :'- Fori ....r i '- ~ ' ' ' '

i
,

?
'

' 4 A Yea, it docs .
,

i
... 1q Q n o n t4.I.+ h. r , a. s

. e 4_.
+ , - ,.h+ 0 . ..'4... g - - . .f r.-

.. ..r v. .- . . . e.s,
. u .

,,
.

6 the low trcjector'j miscila, could you ? ta h.= f c;. u n c. '.t ' a t
i.

; 7 valdo 5..'as?'

I.

!

.a - m, ,. t. n.. . _ _ .

m. . , . - , . ,.~.p,.o ., 4 3. ; ts.u .- . , . -.e,cr L.5. ,.e s .

- . ... .
.-

. . .v n ..

.

$

.'. ;. . . e c . _c y9 c:d aty-re: lated structuras of ona t:n :. sin : frc::. -.

. ' . ' . . ' . ' ' , I'O N. i .'. :4 1.<,s f z-- . , . . th. ' s..13' .c - s < rw.. t. , 4. 4- . .+...s ), a . . -

>

,

11 Q S.9:10-6? -

,

1

12 A Yes, sir. !
t
i

13 Q And, again, this ic rep::caenting c:m :30u.ce and i
s 1

1

, 14 striking one contairment; is that corrac.;? i
j
2

'' 5 3 Y"s. Th C. - is %.. a ca 1 v. -- < -uo ' .,. , . . . . .i. > ."..I.~ ^* * *-

, . -
.

. a . , . . . . .
,

.

Is safety-related structurec, including the cento.irmat, ha' . !

.

.

17 are included within uhe low tenjectory strir; a:n . 9:2c ,

,

i

18 25 degree beund that is aho't.>r. in 2:@.ibic i e d .rc.4 .- c .mim.c'y. l
3

;

'
19 Q And coul you e::pinin, p.'s n.n c~, a .: cr-ired at

~
\

i

20 this figure? !

i.
:

.

21 A Y9.s . I first calcu.'.uted cha - rall, ina : . u .c.s e ,

i

1
# - .

m. -.4 ... t'.' .. ' . . 3 . 3. 4. ..L t r.-u.1 ,= n a'' . ..i. O .4S o= { 4 r.i.g .I 4 v er |~- f .3. r +,. .s .'. '.'m.. s :- e s*-e..ay es- s .. o ., . .

I
..- .. ~

Je, i. k.g .m .' .m., g i '.u. r tp.. C'i. 2 e.g .4 <* s-v s.4 7 0.*. m. . b - +..n''... ' , . m. . ; ... .at. .# ?. - , :.. n ._-
. . t. . -. .,

.... .y
,

*
. .. : ,,.,. e.....,,. ,, . . .,g.g. . . . . .; .p. . . pw. . . . . 4 s. ..i.... . , ,. . .:. .. ...,

. .. 3
.- .,, , , , /.. . s . ,.~....s. . .

,

[
~

3: mirailes, acep c uaing a _v.a2 ai-c: _ > il.- zu 'c. .a c md

!

.
t

4

if-
ab e

e
* . - - = = . - - - - . ,- + .,._.,8_-...,_.. . . . , , . _ , _ , _ _ , , , _ , , _ , _ , _ , , ,
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1 Ipsen formulaagainwas--formula 9ascoNservativelyused
,g-

} 2 to characterize multiple barriarc.

3 I fcund that : ha lov trajectory miscilr- en+ed to

4 perforate the turbine building shialc wall, tha ;hisici

5 building wall and utop just shcrt of pzrforating the c:ntain-

'

6 ment vossel wall to be 431 feet per cecond.
;

I
, 7 Now, if we look at Exhibit 1, we find thab neither

.

a the wall alon<; side tite turbine building nr the contairement

g building presents a face normal to the direction cf the law

10 trajectcry nissile. It vs.cies. And I have lockof. at the

11 extremes, I have looked at tha normal ceco, and then I have

12 looked at tha case, the na.:imum caa 2, where tha vernel would

13 penetrate at a 45 degree angle.
i

14 The assumptien is that if the angle exceeds 45,

15 exceeds the angle of impact, excacda 45 degrees, the missile

16 will curve frem the wall and nou I calculata anotner minimum

37 velocity required for danage, and that voiccity for a low

18 trajectory missile to perforate the turb.r.ne building, the

gg shield building wall, the turbine shield call, the shiolding I
.

20 vall, and stop short of perforating the contz.inment vessel

21 wall corresponds to 529 feet por sacend.-

22 This excaeds t!u ma::inum icu trajactory missile

23 speed of 503 feet per sccend co that che range of missile
" t

y spauds needed to damage tne containcent is greatr t!un 152

feet per cac<5ad, and the prchability che.t the missile vill have --

25
t

J

9

- - . . . ~ _ . _ _ . , _ . , _ - _ _ , . ._ . . . . . . . - . . _ . . - . _ _ - . - - _ - - . _ .q
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;

y let's see, the average speed naceure.ry no inflict the dae Je
m

1

2 in e80 feet per sccond, and'the pr e?Nility that th3 2. aila

3 drill have this v21ccity ic .0457 for tha aferi.ie t: ....as, d*

4 the bcrriers.
.

5 Q Again, Mr. Stippich, ere you asuming hera that

'

6 there is a random distribution tithin the veloof.hy range?

7 A It is a uniform distribution ovpr the velecity

8 range.

g Q Uniform distribution?

10
MR. SHON:'Mr. !!tipoich, -j u a.: enn varf %,2.11 de.ciJ.. i

At the middle ci tha pr.ge yeu hr.w uncd 2ia
5;

1

f rmula for the V sub Cl, and the fe.ctor you have used in
12

1 over the cosign of 25 degrees, ycu sc.y.
, 13

I thought you ware considerine,; penetrations always
14

at 45 degree angles. IIas this som.ething to do uibh the 25
15

degrees as the maximum, or what?
16

.

Above it, I noticed you have used 1.414 in :he
17

f rnula a few lines abovo and that is 1 ever the cosign of
13

I
45 degrees, not 25 degre w . |gg

-
i

TH3 WI':'N2SS : Yes, sir. I

20 |

|
Well, the maximum angle thic.is la reference to --

21

the biological shield wall aloas the tu.cbi:.Fe building, and
22 ,

,
i

the manimum angle of incidence thsre is 23 ds;rees, not 45. !
e,.3 ;.

,
-

8

It is 45 on the chield ';uilding u211. !,

44
t

i'.2. SECS: Thank you. ;
,45 ;

i

%-

t
t

e

L .

_ . . _ _ _ . . _ _ . _ _ . . _ . _ _ . _ . _ . . . ._ ,
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1

I THE WITNESS: The next step was to determins

2 the probability of a strike using the principles of the
3 solid angle subtended by the safety-relv.ted structurac in

4 this instanco.4
,

5 We will he talking about the containment vessel,
.

steradians.6 and the total solid exit angle is 1.33

. 7 The strike probability in than the ratio of the solid angle

8 subtended by the target to the total solid angle of oxit

9 of the missile at the missile source, and the deterninction

10 of the angle subtended is shown -in the diagran at the bottom

11 of the page where it shows the eleve. tion of the containment

12 and the source being 550 feet from the conterlino of the

13 containment, and then on the succeeding page where a plan

()
14 view is shown, in the solid angle would then be the

15 approximate 80 feet height times the 38 foot width divided

16 by the average distance of 550 feet.

'

17 BY MR. NELSON:

18 0 Mr. Stippich, what would be the product of that

19 calculation? Do you have it?
.

20 A That answer would be found two pages later for

21 the reactor building with the width of 38 feet and a height"

22 of 80 feet and a distanca R of 550 feat. The strike

23 probability is then .00755, or 76.(,

24 Q Mith this calculation, then, what was the nexu

25 stap following this?
.,-

'V

&

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

1 A The next ctap was to examine tha othar Category
G

2 1 structures,tha other safety-related protective structuroc

3 the.t are relied on to preiect essential ctructura syntams z.nd'

'- 4 components.
.

5 O So are you then detcrmining ths strike probability

.

for each one of these strt'cturea?G

?

[. 7 A No. They are detennined in e.ggregata, in accordance'

:.
I' witli the requirements of Regulatory Guida 1.113, Revision 1.a

e9 9

to

f1
.

12

13
,

'~'
g4

15

16 \
4

!

17

*

13

19
.

20

.

21

22*

23
v

24
-

'

25 .

-

\
l
|
4

. - , . . ~ . . . . . ~ . . - . . . _ . .- . , . . --
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i

1 A. (Continuing) The strike probabilitien for ths
N

2 category 1 structures other thr.n the chield building 2.nd
.

'

3 the containment were calculat. d in M.<. en.:na ?ashicn, ar.G '

;

4 those probabilitics art. chen - - t'.:.r-- calculations 5 ':ha n i,(-^ -
_

s ._ - 1

I5 probabilitics are shown on the follo ring page, alors uith the

6 one for the reactor building.
,

l'

7 G Mr. Stippich, taking thaea one by ena,. ..la next t.

i
!

a structure is what? |

9 A The auxiliary building.

10 0 And what was the value ycu derivad for tha 3

11 au::iliary building? ,

12 A .00346.

13 G And this is the atrike prchability for that building?
s

14 A Yes, it is.

15 0 Uhat was the ne:ct structure, then, that you

considered?16

37 The ne::t structure is the control building. TheA

strike probability is 00331.18 .

99 G And what was the nent structure?

A The icw bay of the control building, which is20

.00445.*

21

G Ere there cther structuras? Or la thc.t all?22

A That is all that are wichin tha 25-decrea len723 -

_

trnjectory ctrike zone. |g

G Ccw how did ycu ccchins these values, then?-

-
25

3, 2

O

.+=a.ew.= e.-em-.=- .. .-~~.-w=-_ew-,_. -_ . - - = - . . _-~-=*.w.-w..
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4

I 4

4

1

. .I A Unll, the next step was to deta:nine the prebr.- ;

a, t,

| 2 bility of de/nage which is depunaa.it apen ti'e preb.d.C1..cy of I

,

3- the rainsile puntratir.g the vcils. . . . , l cn " m:# ,bil".ty Z-:r>

' ' ' 4 the reactor building 10 .0457. ht .a mm er . - va de'

.. .

.

i,5 next page, and --'

6 0 Can you e: plain ho 7 that ralc.e is der: ;;d?
.

t

t..

,7 A. Yes. Tn.at la .onsen upoa .n pronao1s:.ty c:- e3:c ;
. . , ., . . . .. - .

-

,

8 reitsile havir.g a velocity necancary to ' pe.x r -:te tha --- all j
.

9 of tha barriers and stop just shor'. of pcrforatire ch: i

5

10 cor:tairc.ent ;caccl.
.

i
!

If In this ca se , 11 :. - dc a s --- ? 311; :-;, ' 2e !
?
i

'
12 basi.s for the damac;-in~ probabilit.'r 2c3: the r ector .1.11 ding.u

i

13 Now for the other remaiaing safety- related ~cuildii.;:s , P.ha
\

/'--

14 dificrence is cligntly - c. he men. . ace. is m gne.,.y al,; m anc.
.i

. . . ,. . .. , , . - .

,

t
15 We cochine the probability of f.e.: fora ir.g the 1

'
16 barriers with the probability of strikine a scfeirf--relata.d

t

17 structure housed within the st. ucture of r.heco eafety-raiated '

t

13 structures. They do not occupy c.e entire ar-on of the '
i
,

t

,
19 safety-rclated buildings in rhich they are 'cc.,used. Sa e ,

:

f
20 prchability of striking one, eron thorgh the nia ils should |

|
. .

21 per.atrate, is not a certainty. t

'

22 CO b30Cd on ?O'limata2 mnD fro?Q R re - 1 Irc :-i. C. .Y, A --*

23 .".9 r. 3 , thG 'COtal -- diC CQ1.!bil?2.3 .>rCMhlli Cy ' p IP 3 ''.'.* E.L'd ?t*

._.

4.

+

J thC b,a m, , a nx. a v ; <. .. ,, - u . . . . . , ..

s.
..:w.-e.....m., u ._.. . . . . . , , ,- . g. e . , . t. : ....a v a .. .. . , . ..y .

33 to bG .0 5 fcr t.he other so.ie ty -r;-lau6 bu. Lid #..:g.s ,cs i .o= 2 .ia

.

1

!!
a .

- . - - . _ . . _ _ _ _ - . _ . . . - . . - - . . . _ . . . - - - . . . _ -. . . . . - ..-- . ~ . . . -
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I

1 reactor building.
m

, , ;s . - . . . . .,. . . . s . . v, .. _ . <. . . . . . . . __-.. .s . .t . .: ,. .

...,..L.. nf r G,Go ,
. -.. . _ . . v. -..

u. m - m. ' d.i.. --
I

o s. . 1 ..,..,.,1._r. a.3 ,.s .- ,am u,,

f
I
e

.

, . , . - < - , . .

_ , . . .
.m- 4 c.,,. 1.> , u r ,1,. . ,t ,., , ,C . .. C.d... .,.m.., .. ., . _ ..

A . . :.
,

u - . _ . .

. . , ,

.. z .. - . .. ; - ;.,... - .,4- . . , . , _.~ . .

5 .J. .a damas. , pro ~_a3. :w. i, . . .e.,.. ...,a ....n_. w .-
.

. .,

,-

6 the control building, uould be . .a :a.u?

7 1 No, sir,

.- .; . . _ - - .-

_ r,d JOLO._3 .4 _S$ e. - ,n -n-*%,..,... . ,,
m,\ ,,A._ v. . .. Lo. ^ - .,

3 ky u. L.
,

:> u .. G .y ,,. 1 c. ,. a .. 5 . . 4.3... .. A a.
- - . ,.. .a. .- , . ,... e 2 .: . . ... .:S. s. *f. ; -w . . .K lu,. .. ci.- . . . . .a..av u .a i .: j9 ;,-

.

t

- - -
+ . . . , . . 4 .. ..

- ' - -

- 3... -" -- - - '- - - - - - 5.,s =e....,.': - ' * ' , .C.1 2 - , b. . . , , .'s - - - ---- - - - - -. '
10 -, - -

4

i
.

*

. . . . , . . . - . . . .- 4,sa ; cu-. . , . .: .- . .
,.: g . . , l w; .r .; , . ..,,..n,gj .p rv.,.i; . .h, _a . .s . . OItA A .; ...g _ -... .

1

.i
;

1

12 the area.

13 4 Could you e:< plain why thsy .,culd h the nr.c?
,

v
t.u c t.

_.. . ne sam y--A. I c. is g.uaged . casec upon cha n.cca_ ,

14

t'. e '. e~ 'm'- " _'4 2 4. i ' , .,3 ".. u .3d equ_4 'y,m- u- u'- l..' s.2_- a- o ' n ._> " ' 'm_- _-u' .~
.-

_ o ~-

15 - *' -

q
t

*
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01

'.'.':.'.w~~'.'.u*'a''o'~**.*'_'r.'.#.''''.''a.~,.:,"',''c''"'_~.~e' s'..*4
-

nO *- o w" ~ # '.s' ^..u''''''au l u. ,Jo u 2.,1*. a.s ~*
u . . .

37
.

ccc. ,one.~ ' o~.* -m. iv, b .'>. '.n1. . .= .1 *-e.* .=. a - , . . ' - , ' , ' _ . ~ . _ , ' " ' . ' . . =t=..z'..'...--~

). u .. . . . -. .. s
jg

i
i

. . . . .
tre; c.t. ':a.a sul.:.cing .jg

,

, : - 4 .. _ .: , +*'.v- 4 .. ,- .s ' , ..g- c ", yw . - .4* " " ' ' ~--W''--'-- ' ' - ' ' ' ' ' ' ~ ' - '--'- " ~ ' - ' ' " - '
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: 1 each represents the firct as a product of two numbers, and
9

2 then an " equals" sign, and then .0034G. The two pairs of8

3 numbers that are multiplied to get this., in each case, ara

4 not the same pair of numbers.'

\ .
.,

5 I find that confusing. It may be ycur notation,

.

6 but do you see that these are not the same pairs of numbers

. 7 that you have multiplied to'get the same recult? They both

8 can't really be right.

9 THE WITNESS: One of the two obvioncly ic incor-

10 rect.

jj MR. SHOU: Yes,

12 BY MR. IELSON:

13 G Are you able to determine which one would be
i

14 incorrect, Mr. Stippich?~'

A. Just judging from the order of magnitudes, I think
15

the one respecting the reactor building would have to be
16

correct, and the other one was not used in connection with
37

the auxiliary building.
18

.

MR. SHON: My pocket calculator says the reactor
19

.

building one is right.20

THE WITimSS: Yes.*

21

DY MR. HELSON: -

22

~

G I'm sorry? Ware you saying the value for the
23

..,

auxiliary building uns not used in the calculation?
24

A. Mc., it was not. The unit crea strike probability--
g

.

w-

4a g

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



- . - . . , - . . .... - . .

10-5 jwh 7854

i
i

| 1 or the strike probability was .00149 was used in the calcula-
I

-w
i !

| 2 tien. That is the probability of a ctrika on the building.
1

3 0 I beli 're you hcd describsd all of the rucr'.

,

'N 4 until you had derived the damago prchability for cach of theca 5
(E.- 4

f
\

5 different buildings. Had you ec:aplet2d that descriptica of |
!. .

6 your calculations? !
f

,

7 A I beg your pardon?-

.

8 0 Reassessing where you were in deccribing your

g calculations, I thought you had c:npletad tha description of
.

% 1

to how you got the danage prchability for each of the m different:
t

>

11 buildings. J
t

!

12 A Yes. !

13 And the ne:ct step --

w)
14 0 Yes, go ahead. ,

1
'

A. -- is to calculata the overall P2 and cummarize.15-

16 them. And this was donc in the right-hand column on the

37 final page. And the total P2 for the aggragate of the

18 reactor building and the other cafety-related structures is

8.9 x 10-s .
,

gg ,

20 g Can you e:: plain how the different values are

*

combined in order to derive that value?21

1 The damaga probability, or -- which -- the damaga22
!

9, prcbability PVS, which is the probe 5.ility of the miscile i
q/ -- .

I
s

24 panetrating the vall anci strikig ths ufen;-rela tec' structurat:)
o

multiplied bv the probabilicy of . stri::ing the building. J.nd
|. P.5

-

3

t

I
s

4

.. _ . . . . . , - . . - . . . . - - . . . . . _ - - e
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1,

1 those are --
s.

1

2 G Do I understand you to say that you begin with

3 the reactor building, and for that you multiply the prcbability

4 of the damage to that building times the probability of a(

' 5 strike on the building?
.

6 A Yes, sir; that is correct.

i
7 G What product do you get when you perform that*

,

8 multiplication?

9 A .00035.

10 G Now what is the next' step?

11 A To do the same thing for the remaining buildings,-

12 and the aggregate combined strike and damage probability is

~4
13 .0054, and the sum is .0089, which is 8.9 x 10 .

s

O
I4 O So that when you combine -- when you performed

15 this multiplication of the damage probtbility times the

16 strike probability for the auxiliary building, what result

17 do you get?

18 A Well, since the damage probability was the same,

19 I just sumed all of the auxiliary and the central building.
.

20 I didn't calculate those separately. The effect is the same.

.

21 G So you performed a single multiplication for the--

22 A I summed up the atrike probabilities for each of

--
23 the other buildings and uultiplied it by .0C0, which was

24 the cotanon damage probcbility of PVS.

25 g That again resulted in ~ chat?

_

%

-L-. .- g
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t
t
'

i 1 A .00054.
1

3 -

3 G And ;'au then took that val .. 2, 2ci -- m . . . . . . . -4 /
.

3 N t G'EP?C

A Addad i.t to tin prdabil: . '? ,., :c;- . .."3'
. ,,n 4

.

, __

5 building to get the total probability .00069 a.M.e3 .L . ,,

t
,

.

8 . 9 :c 10 ~,' . .

0
.

Il end #10 '.7 .
I
,

8

8 ,

.

t'

9
.

10 .

,

'

11 -

:
i

1

12 !
i

i s

i 13 !..

'M i
4

1 14 ',-
-

,e

15 t
1

1

16 :
,

'

17 .

<
4

18 !

a
t
t

,

>

.

L

19
,

f

I
2~9 4

.

e
i

24
4

=m . - %
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1 MR. NELSON: Could I have a =caent, Mr. Chairman?

'T
/ 2 CHAIRMAH WOLF 3: Perhaps- this aould be a goed time

3 to have a recese, a 10-m.inete recess, until 11:00 o' clock.

-, 4 [Rocess.]
..

5 CEAIRMAN WOLF 3: Eack c:: the record.

.

6 B'I MR. NELSOII:

i
7 Q Mr. Stippich, referring again to the cacend article

.

8 by Mr. Bush, do you have that?

9 A Just a minute.

10 All right.

3; O I believe you stated ycu had an opportuniuy not

to review that article?12

A Yes, sir, I have.
13

> Q- In your review of the article, did ycu agree with-
34

the conclusions reached oy the author?
15

A I saw n thing in the article that wculd cause
16

me to disagree; but on the other hand, I didn't make a very37

.etailed analysis of all cf his methods.
18

Generally I agreed with it, yes.yg
.

MR. NELSON: At this time, It. Chairman, I ang

banding the court reporter three copies of the article, and.

21

first I will have the witness identify the article.22

BY MR. NELSON:g

Q Ic this the article you are referring te, Mr.
24

Stip~cich?
25

. . -

e,. -w-- y ., A. - e-----
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>

i 1 [ Handing document to the witnens'.}
O'

' 2 A Yea, it is. '
,

-,

' k

3 MR. NELSON: I uould nch t---; rspor' a:e ..,m.
,
'

~ l

{) 4 this as Applicants' Exhibit Nc, 37.
[
t.5 (The document refe.c.cer'. a usa !
.

. ,

6 marked Applicants' D::.1;.L i.. !!c . 37}
+
+

7 for identificatica.) f.

I

8 MR. HELSON: Applicants would :.0va the a&aicciou of .

,

* i
9. the document that hac been marf:ad as E::bibit 37 as part of I

.J their case-in-chief. ,

11 CHAIRMAN h0LFE: Any objsction?
,

f

.
12 MR. FARRIS: No objection frcm Intervancrs. i

1
.

I
13 MR. DAVIS: No objection from tha Staff. 6

1
>

14 CHAIRMAN WOLFS: Applicanta ' E:.:hibit 27 is aCaitted

15 into evidence. !
'

i
16 (The document previously na- kad *

.

,

17 Applicants ' 2xhibit :10. 37 for ;

i

18 identification, ?taa re::eived in f
8

19 evidsuca.]
,

-

!

20 BY MR. NELSON: |
,

4

21 Q Mr. Stippich, in the recond Bush article, whera !

22 the author refers to tha fact Z ('"'; does th t descri';e uc.s;

*

23 came factor as he.referr.2d to in thc. firct strti ic ac . ? .
_

,

24 A Yes, it doec.
.

3

25 C Is there any dif ference at all'c ;
.%

'.g
.

s

e

%* .-.ee .4 ,.-e. ,...e-%.4%,.- . . . . . . ~ ~ . . - - . ..



.. .. . .. - . . - . -

11-3 ar 7859

; A Apparently there is none.
- .

2 Q For the factor P in the first article, what was' y

3 the value that Mr. Bush found?

he found 7 x 10-5,

(
'

4 A For P1's

5 0 And rounded off, what would be the value of that?

6 A 10~4 .

f

| Q Now, Mr. Stippich, what would be the uncertainty7,

8 factor that would be attached to that value, in your opinion?

A Prom the way it was rounded off, it would imply9

to that he felt that the figure was good., the number was good to

"* "1 "ifi ""D Ei "#**9 911

Q But does it represent an eatinate or median or12

how would eno apply this value?
13

%

x . '' A If we looked at his original article, he took the-

94

* "" * ' " * * ^ "^* ** #15
'

analysis and rounded off and said this is the number that we
16

would recommend for evaluating turbine failures. '2his isI.s

the turbine failure rate to be used in evaluating the turbine18

missile risk.
.

;g

I don't know that those were his exact words, but0c.

this is his meaning, I believe.-

Q Do ' ou. know the number of actual turbine nissile
- failures that be used as his basic data in the first article?

v

4 I can't tell lon right off the top of ny heac what

9 . that number is. It covered 70,000 turbine years of experience,
2s_

1

--

- - . . . _ - - . . - - - . - - - . . - - _ .-- -.. --- .. - - --
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1 a considerably ame.11er number of turbines, of courso.>

! 2 0 But as to the number of actual turbine failures,

3 using that as a data point, dc you recall nor re.ny failurez

q 4 he ws.s considering?
s_

5 A It was on the order of 22 cr 23, 1 believe.

.

6 Q And'the same question with respect to the .uiccona

7 article, do you know how many turbine failures again resulting,

8 in missiles that he considered as a data bacs there?

g A The question you asked previcesly, ycu di6u:t
.

10 restrict in to resulting in miccil::s. Ycu cuid tur.'Mc'.c I

:
,

11 failures, and not all of those failures that he considerad 11. [
,

12 his study, original study, did result in miesilas. : Tot all of
t

;

i
13 the turbines that failed in his second study resulted in I

_$'' j4 missiles.
,

1

I

15 0 Going back to the first study, are ycu able to !

i

16 determine how many of the turbine failures which resulted in
.

i

37 missiles, how cany of those he considered?
>

A I w uld judge roughly 2/3, about 15 failu.ces cut cf18 j
i

the 24.
.

jgg

>

20 MR. SHCN: Mr. Stippich, you sort of confuaed me }
>
!

ao.ain. If he had 16 missile t.su.e 2ailures out of 70,000 I, g;
t

22 turb:.ne years of operaticn. I don't thil' hc would have ,
.

g gotton .7 x 10-4, uculd ha? He nignt rcund it off.
--

24 THI' WITUZSS : I don't :nm; ';har mhe ced 1 - " h' J
,

statistica.i. analyces v.lera, it. Shen.
!.e >,.

*
s

e

4

_
, . , , _ , - . . , , . , a . e-- + * * '
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a

1 MR. SHON: I see.

7
2 BY MR. NELSON:

3 Q Did I understand you to say that it is your

'N 4 understanding that fir. Bush considered approximately 16 turbite-

(.
5 missile failures in preparing his first article?

.

6 A That appears to be the case from the list that he

7 gives of the machines in the first article..

8 Q And are you able to determine hcw many he considered

9 when he prepared his second article?

10 A ?qain, I haven't actually counted them. I would

11 have to make an estimate of that. I would judge pcasibly

12 24 involving missiles, resulting in missiles..

e 11 13
'

:
~.J

14

15

16

17

18

19
.

20

"

21

22-

( 23v.

24

25
!

,

t
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t

i >
'

CJAIR?tisN !!OIEE: And you t.:ak that nr ce;
'

1
'

3 4
\

9 g .g.. _4.p .a, . v . , . r. cu- ~v ~t.r'. " ' M_...e i r. ' . ' . . ' . c.. ' ' - . u ^. 4 -m. . .. . . . '"

. ;.. -

t

a.,. cu,r .ew _ ,, u u .. -. .,

5: ' ' ' -
'6=} ~a.E'? 1*"f ."^>* a V.. r. 3=e., 3.5. .* . . is 0.,. . .'' ,s . - 5 s . . - .-"

M.M. W ~.a,_
. .

- ;
, ~g e.t, A a

s . .. .

5 6 and "c.ble 7 frota the fir =;t art:.c'.?. -

.
*

=t ...w .ca.a. L. . . . a , , .,C a.. ,..-.y.. h. T,g..a.;,c; . ..u- . .

.,.s
. . .6 n.t.n a .. .

.,
+i

.m 4 ~a .*a,
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1
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,
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.

. . ,. . . . . .

1
v, :en t. .nis c.tve vou ann .nu.wa.a.cn c" -i- 9.c',_un nty .: r a c n

- .

.t

,o which would surround thc conclucicnc th:6 ?i" Dnsh dre v in ',.-
i

. . . . ,

j3 th.3SG rGSpect2.V2 a r t i c., A S ,t j.

\ -

I
g4 A. You would e:cpact that a ~!..trgar populati.On .ou hi-'

;

9

result in less uncertainty. -

15 i
!

- i

16 0 In the second Euah articla. f.d IIr. .msn ec.nsider ,

onl1 turbine missile failures au acclear power laa n: n r <

17
!

did he include certain other I; otter plante ,f .= conv3ntiunal
18 ,

,

f
ya-4any?' 6

19 -
,-
,
r
.

1 iia in luded conventicrial units, ..c r.all as nucine- i20
|
.

units.- !
-

. g
.

h knd 57}ldt 'eCC $ 10 b3'i k.9 C *a" b. IE IO .7 [i.L"f Dbl f' O . .u "*
'

i

). * e.

SiOnt9
t*O

s
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I

. .

s
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4 . , r, '.,.., .- M f 'G f.. ..l .~ .4. 7 ; v.. s .O @ . v- ..
*

-

Q, %s. . ..J . . . . . . . . . - ......l,..... . , . _ - , .- ,

. .

. .

e h

' .

s -

6
\e
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1

1
plants?

') 2 A That they would reprasent the relativsly -- he !
i
!

3 fairly representative of the "ailura rata tant is also i
;

4 applicable to nuclear turbines. |
S ;

k'
5 G Do you agree with !!r. Bush's assessneat on that i

i

;.' 6 point?

'
7 I think that the second articia substantictae it,A .

,

8 yes, because the second article includes a grectgr muber of

nuclear units. It also includos, counting as nuclear units,9 .

,

t

the units that had failures uhich --- of a nature that coulf.
'

10 '

Ialso occur in the nuclear unit population which would indicata 4g

to me that it was a reascnable assumption in the first2.

instance, in the first article, where there were verv few

nuclear units to contribute to the overall population.( . 4

So I would say: Yes, I would cay that it trac a

reasonable assumption.

O So you personally have no problen with the concept

of including experience gained at certain conventional pcwer

plants in the data base for ascessing "urbine missile failures
,

at nuclear power plants?

A No, I don't. I think there is enough similarity.

between conventional units and nuclear unite that vcu can cay12 ^

that , if you included the population of the conventional units,
\
~

you *aould cone up with a conservativo nu. car, and one that
24 +

!

would be regrasentative of the nuclear popuintic- !

25
{
:-

,

'.
6.

I <

'
. .

- _ _. - _ _ ,
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.

1 0.- In your -review of the historical dat.' on turbine.

7
2 missile failurec, were you chie to discern any great:r

,

1
'3 probability for convancional pccler niante co : cra naric c+
4
t

!

m 4 miscile f ailurec , an oppcced to uncles:- p.ata, or -".ca mrs? |
- a

i

5 L Mo. I think that the we prebe.bil5 tics cf t'ioca f
.

. i

6 two populations was apprezinately ths. cau. |

Do you know uhether the IGC stdf in thir anelysf.-; I-

7 4.

. . . . _ . ..

8 ct, turbine nissile r. allures has !.ncinue.o- - < w.,ca o a c r: s.

J

t

9 convantional power plartr? !
e
!

- ,

10 a. Only indirectly. Ard tha.t veuf.d be-1:7 ; "r :-
{
i

11 the reference to the Bush study in R gula. cony ':ui.a 1.113.
l

12 0- Are You referring te Revision 1? :
,

1

13 L Revision 1, yes.
s

(- D. Now did I understand v.ou to sav. that Ravinicn 114 -

15 of Reg Guide 1.115 takes into concideration and -dop'r:- the
,

.
4

16 analysis in the second Bush articls?

A No. The Reculatory Guide elas issued prior to17 - -

18 publication of the second Bush article. It only refGrs -- !
.

!

gg in only referencoc the first article. '

I-

!

o0 G So it adopte essentiall7 cae annivcic from tha i
. - -

;
I

-

first article?21

3. I den 't know chat you can charitewri..a ..'. u4- - ,

:

23 atiopting it. I think that there is aa iufersnm cac <. .csy !

aucptad, in that they eih i.ha Ja.i? 2 o- : 7 d 'sa ?rr %.c'.liti i,.

.A
i
!

in tim dismusicn. |25 i
i
I

, I
< 4

?
i

6. 1
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t

t

1 G And did the first Bush article alno combine data'

3
,

2 from turbine missile failures at conventionai power plants ac

3 well as those at nuclear pcuer plants?

w 4 A. Yes, they did.
().

5 MR. NELSON: No further questions at this time.
.

6 CHAIRMAN WOLFE: Staff, do you have any cross?
,

7 MR. DAVIS: Yes.

8 RECROSS-EXAMINATION

g BY liR. DAVIS:

10 G Mr. Stippich, I am loolting at yesterday'a

11 tranceript, and in response to a question from Mr. Parris as

12 to what the two probability ranges identified by Dr. Buch were,

-0
13 this is transcript 7782, the recorded answer is, "3 x 10

and 2 x 10~4."14
-AIs that 2 x 10 - actually 3 x 10-4?15

A. May I see the transcript, please? I would like to
16

put that in context.17

(Handing document to witness.)
18

(Pause.)gg
,

0 We discussed the same number again today, and you20

stated "3 x 10~4" today as being the number that cane out of
21

the Bush article.22
-4

A. I don't recall saying 3 x 1Q as the number that
23,

v
came out of the Bush article. I said 7 x 10-5, I believe.

24

Evidently,thlisisreferringtothesecondarticle.
25

_.
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1 Q. That's correct. And the second article you were .i

3
2 asked about the range of P.,, and it went frec 3 x 10-5, and

i
1

3 the lower range was something less than that, and it ?.nitelva6
A

4 10~'. Do voit
(m - linow'what the --
r.. p

5 A. This is incorrect. I believe it is 3.3 x 10 '.
.

Let mo refer to the article.6
i.

|- end #12 G okay.7
I

i
8

i
!9.

1

i

to'
,

-
.

'

11
.

|
i

12 o
:-

I

13

i 'l i
''

14 i
t

: I

|15
_

16 .

I
1
517 (

t

18

- 19 :
,

a

t20
1

l21
i

.

t

22 e

t

!.
t

(a g

I
24 '

4

25 |
i

~~.s

t

I
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,
1 A The range of values that Dr.Eush gives in the

t, s
i 'I 2 last, the next to the last paranrcch, is 3,2 x 10-5 to
i

t

i
3 3.1 x 10-4 per turbine year for a turbino pepulation corrc.ctac. |

4

'N 4 to be relevant to nuclear roactors. !
(_.) f

g
5 0 In your testimony, you give the figure of the risk

i.

6 frcs a .high trajectory w.issile causing damage to a safety-

- 7 related structure, and equipment, as being 10 -- lest
,

8 than 10-7, and you give the sama figura for lo-* trajectcry,

9 missile.

10 Uhen you say less than 10-7. ctm that mtan t?. n

Il you consider that a conservativa rather than a reali" tic

12 number?

13 A Yes, sir. That is a conservacive nenbar. It is

' '
14 taken from standard review plan 2.2.3 on accidant analysis.

''

.

15 Q Would you be able to enumerate the conservatists
I

16 describing them briefly in your calculations that wculd make n

17 realistic number less than 10-7? Would you be able to detail

10 for the Board where the conservatisms are in your calculations?

.
19 A The conservatisms in the calculations are primarily

20 in the selection of the missile and in the manner in which
.

21 the probabilitiea were calculated.

22 I cannot say exactly what msgnitude of consarvatiem

23 might ba, but I don't racall any castaptions that were made
a

24 that would have a less than -- that sonld be unconse: 72cive,.-

25 so we have a conservative acceptance critaria ar.d a conssrvativa
i
!
i

4
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.

I acceptance criteria.
'

_

2 Q Let me put it to you tLis way:

3 Is there a lack of sta tistical, valid s tr. tis tical.

[S 4 data upon which these probabilities are based?
\. .

5 A I am not in a position to judge that. I am relying
.

6 on Dr. Bush's assesmaent of the reliability of the data base

;
' 7 that he used to come up with his recommendation for the failure

8 rate.

9 Q And Dr. Bush gave a range of probabilitias for

10 nuclear reactors,didn't he?

11 A Ha did in the accond article, yes.

12 0 In the second article, that range was from 3.1 :c 10 -

13 to 3.3 x 10-57
'~'

14 A For nuclear reactors, yes.

15 0 And yet, in your testimony, you picked the figure

16 of 10-4

17 A Yes, sir, I did. -

18 Q Mr. Stippich, isn't it good engineering practice

19 to use the most conservative figure available when you have.

20 an inadequate statistical base?
.

21 A What do you nean by an inadequate statistical base?

22 Q That is a pretty broad range of probabilities,

23 is it not?
-.

24 A Dr. Bush didn't say that hia statistical base pas

25 inadequate. I would have no reason te say that it was, and

v

6

- .
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1 therefore, one should adopt the most conservacive figure. It
4

-~. t

2 dceun't foll3W. {
ts ..

3 Q Would you say that the variation Sctween 2.0 x 1043 ,

i

4~ cr roughly three out of 100,000, as appeimd to 2.1.c 10 *3 ;
~]

1

S or three out of 10,000,is a broad statiscical ranga?
t.

6 A Not in the context in which it is used in .--2ch's !
!

! t

1- 7 second article. !
i

8 'O Wouldn't you say those figures represent a u. raat ;

1
;

g deal of uncercainty in the prohchility Luclysic in chia cran? !

)
i

10 A Again, it nac to be relatc.d to uhat one 7cc15
.

tt cen:3ider a sound estimr.to, ar* I d. ink than Dr. .'.coh mado '

i
,

17. that judgment, and I think that he rer.ffirned thst judgmant I
f
$

13 in the second article.
,

"' I am sure if he had felt that his firs'c poritiong,4

-

15 was inadequate, he would have changed his position.

g Q Mr. Stippich, didn't, in fact, Dr. Luch ecrs up |

g7 with a different value for nuclear turbinec cs opposcd to tha

18 general turbine population?

i

19 MR. NELSON: Mr. Chairnan, I didn't understand tha !
- i

O question. I don't know if tha witness did. I haliave 'che'
i
)..

question needs clarification as to value for what Mr. Pt.rris21
.

e~n
is asking a.nout.

;

iM2.. FARRIS: Pl.33a
'

T IIE W I'2 ."E S 3 ? Th3 ValCO in Una .ACt 'NLraC_'291 in5e44

summarizing, he docen't say. Ile give3 -- !4,,o
,

a ?

=_ . f
.

h

.

E
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1 BY MR. FARRIS:
,

2 Q In the next to the last paragraph under tha cnmary,

3 doesn't he in fact im?.icate that for m.uc.~.2:2 turminas, na

4 probability is approximate .y .in tha r:a:ga for that c:. :ar ..3
s

5 approximately twice as high as for tne genasal turbina
.

6 population?

7 A I think that is correct, yes. Loching at the ratic

8 of the numbers.

9 Q And on page 696, of Dr. Bush's articla, deacn't

10 he in fact state that it is his opinion that GE and 'elestinghou..e's

11 predicticns and models were overly optim.isc1c?
.

12 A Yes, he does.

13 0 Doasn't he, on that came pago, indicate that

34 turbines associated with older fossil units ciffer markedly~~

fr m nuclear units with regard to material property stresses,15

roter design, and control stresses?
16

A Where are you?j7

O 696, the last paragraph en tha left coluun.
18

A Last paragraph. Okay.19.

I think that is referring to the General Electric20

~ report, not to any conclusion of Bush's.
21

CHAIRMAN WOLFE: Mr. Nelson, do you have a spare22

copy of the second article?
.

23

MR. PARRIS: I have some e?.tru articies.g4

.

(Documents distributed to Soard.].d

- o 13
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,

1 MR. FARRIS: I am referring to page 696.
3

' 2 B'? MR. FARRIS:

O G Mr. Stippich, didn 't ycu testify r. hat y;u thought

^ 4 the experienca with conventional turbines ucs relevant to

5 nuclear turbinos?
.

6 A I believe I did.

- 7 G Do you know if GE agrees with that opinion?

8 A No, they don't. If you taka the statement that-

9 you were just referring te in the Bush report, it is clear

10 than they didn't.
:

11 G And Mr. Stippich, did you in fact round off the

12 probabilitien for the total turbine population as reported

13 by Dr. Bush -- that is, 7 x 10-5 -- which you rounded off

to 10~47gg

A No. I think if you round it off to -- in the same15

16 way that he rounded off his numbers in the original report,

j7 if you round it off -- these numbers on the nuclear turbine

18 population, you can justify a number on the order of 10~4

39 G Mr. Stippich, yesterday I asked you if you were
.,

20 aware of any turbine failuras at nuclear power plants that

'

had generated nissiles. In your review of Dr. Bush's article,21

3 did you notice any chart er tables that indicated that therc

23 had been missilec generated in connection with a nuclear
s

turbine?24

L Yss, sir.25
.

'sj

,

b

-.%..-..%w ,-. ~a .. e __
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:
t

1 G And was that indicated on Table 6, at pag +2 590 of
3

'e
2 the article?

!

3 A That is one place it was representad, yes, I

I
i

. 4 G Would you suspect, Mr. Stippich, bhtt the high2r '-

{'

5 rate for -- the higher probability for failure of nuclear
.

6 turbines is based upon the relationship of that one failure

- 7 to the total number of turbines being used uith nucicar

.

reactors?8

A I don't think that that is the approsch that9

10 Dr. Bush used in developing his statistics.

G Have you made any comparison betrosa thayy

number of turbine hours associated with nuclear roactors12

and their failure rate to determine whether or not there13
) i

may be some basis statistically for a higher rate for nuclear14

#8" #8
15

, sh. '

16

G Mr. Stippich, on the necend page of your cc1cula-
37

i

ui ns -- y ur w rksheet that counsel provided us -- for
18

>

^$" U 88 "8 ~~

19-

.
A Yes, sir? Eg

';
'

G 'I u indicated that for the two containmants, the
~

21

orobabilities P was 6 x 10 'I.
22 1'

A Yes, sir.

G And that is tne probability of either contain=e.nt

being struck by a missil3 from a turbine? \

_

$

t

, ~~.-, . a._ - - - . - _ . ,m _ - - . . . , , , - . , . , _ , _ _ . . _ - - - , -
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9

I A That's correct.
3

2 Q.
? nd for Bla R l'ox e n , ion, the.1 prenM.1 t.; rauld i'

,

3 he tuica that, as you indientoci in reuxmss tc e c' - tar |

T. 4 fro.1 Dr. Pardom? :
.

'.
i.

-

5 A. No. If you assur.e cwo failures, two turn r.u
~

'

6 failures in a year, than it would be dcubled.-

b 7 0 But if you have two turbines, then th.* r.rchabilitie.3

8 fcr Black Fox Station -- not for a particalar unin, htte for ,
i

1

9 Black Fox Station with the two-unit con 2i;tration, wonld i
!
1_4 _2

10 than be 12 x 10 '*? Or 1.2 :: 10 "? !
4

#

.Io, Sir. 1 b Woula )Q, iur b e?O u r.k.t3 .CO ca a i ~. fL- J
.. .. ,,

Jg A.

i.

f

12 demage to one reactor, or for one unit to cause da:..aga to
--

both reactors. We are looking -- Ge point that Mr. Shon'

g3
1

made here was that it would be better, or r.cro logical to
14

'1 ok at two sources and, in effect, doubla the ranc car year,
15e

and 1cok at that as causing a nic.sile for a ccntainment -- )
16 +

i
look at the risk to a contaix ent. :

17
.

I
CIIAIICIAN WOL"E: Off the record.

_ g

(Discussion off the record.) {19* ;.

3Y MR. FARRIS:.

04:
.

O. Iir. Stionich, aren't you looking at thic as ;-

21 -- -

t
either two sou ess for a miscile ud one containment, c:e !

22 i
,

one sourca for a missile and two cen* aimr. ant.3? *cg

' .'e s , I an. |L. .

c.,, ,
.
,
,

O. For a high trajectory zi.mi:.e, isn't it tr2e ycu -

25 .

>

.

f

.

i :
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