
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . -

- *K
. ;::-

a,

N U C L E A R R E G U L A T O R 'f C O M M I 5 5 ! C N

D

IN THE M ATTER CF:

THREE MI'Z IS'_AND SPECIAL.

INQUIRY OEPOSITION

DEPOSITION CF: STEPHEN H. HANAUEd

.

:
1

'

i

i

l

I
e

Place - BETHzsDA, MD.
|

! Octe . TUESDAY, 25 SEPTEMBER 1979 Peges 1 - 184

<

7.i.ene.,.:

(202)347-3700

ACE - FEDIRAL REPORTERS,INC. [
Offic:.nlReponers8 0 0 A o 4 0 DO~

ALL Ner-h C =itel Street
Weshingten, D.C. 20001 w-

'

- . NATIONW1DE CCVERAGE DAILY

- - _ _ ___



..

i

1 |
|

CRP993 1 UNITED STATES OF AMERICA

7AY 9 '

f2 NUCLEAR REGULATORY COMMISSION

3|| ----------------x i

j| :

4' In the Matter o#-' -

:

5 THREE MILE ISLAND :

SPECIAL INQUIRY DEPOSITION :

6 :
- - - - - - - - - - - - - - - -x

7 j
'

DEPOSITION OF STEPHEN H. HANAUER

8
Room P822A

9, Phillips Building
! 7920 Norfolk Avenue
I

10 Bethesda, Maryland
f

11 | Tuesday, 25 September 1979
| 9:00 a.m.

12

APPEARANCES:
' () ia <

' For the NRC:
14

WILLIAM PARLER
15 JOSEPH SCINTO'

WAYNE LANNING
16 TOM COX

PETER SICILIAj

17 CHARLES O. MILLER
I Members, Special Inquiry Group

C
18

; For the witness:
19

PAT DIXON, Office of the General Counsel, NRC.'

20
,

i

21

() 22

23

1 24 .

: Ace Feder:3 Reporters, Inc.

! 25

i

I

L



~

2

MADELON C_ O_ N T_ E_ N T_ S_
mpb

2
CRF493 EXHIBITS IDEN WITHDRAWN

7
- 1130 Rogovin letter to Hanauer re : deposition 3

4
1131 Hanauer professional qualifications 6

5 1132 Hanauer ltr to Seaborg, 7/17/69 13

' 1133 ACRS letter on TMI of 197.6 19

1134 Report to AEC of June 1969 23

1135 Hanauer ltr to Gilinsky, 3/13/75 46

9 1136 Case memo to Commissioners 8/17/77 52

10
1137 Pitzer ltr to Seaborg of 4/3/61 58 116

11 1138 Report to American Physical Society 4/28/75 58

12 i 1139 Marinos memo to Rusche 11/19/76 72

I]- 13
\ 1140 Excerpt from Senate hearings of 12/12/76 72

14 -

/ 1141 Rogovin ltr to Carbon of 6/29/79 87 116
l

15
'

1142 Carbon ltr to Rogovin of 7/25/79 88 116

16
1143 HanaL7r memo to Gossick, 4/26/78 97

17
114~4 Hanauer and Morris article 100

.1145 Hanauer memo to persons of 4/6/79 104
.

19
1146 Denton to Minogue , dated 7/12/79 116

20
1147 7/23/79 comments of Adm. Rickover 120

21 1148 Multiple documents (23 pages) 172

O
(_j 22

23

24
Aco Federal Reporters, tric.

25

*

+.



3
,

I

MPB/ebl 1 P_ R_ O C_ E_ E_ D_ I, N, G S_ j

i

2 MR. PARLER: Would you please raise your right hand, !,
-

,

3' Dr. Hanauer?

f
4 Whereupon, i

l
i

5 STEPHEN H. HANAUER |
|
1

6; was called as a witness and, having been first duly sworn, |

| ;

7 was examined and testified as follows: |

8 EXAMINATION
!
,

9 BY MR. PARLER:
!

10 ' O Please state your name for the record.
i

II A Stephen H. Hanauer, H-a-n-a-u-e-r. !

:

12 Q Dr. Hanauer, I believe that you have already received !

O 13 a letter from Mr. Rogovin providing you with certain important ;s_/
i

14 information regarding your deposition. I

!
15 MR. PARLER: I would like to mark as an exhibit ll30 ,

i

16 a photocopy of a letter which was sent to you.

17 (Whereupon, the dc cument
!
'

C

18 referred to was narked
I <

19 as Exhibit ll30 for
i

20 identification.) ,

|
21 BY MR. PARLER: |

|

22 Q I have given you a copy which I have marked for

23 identification as Exhibit 1130. Is this a photocopy of the

letter sent to you by the NRC TMI Special Inquiry Group confirm !24
Aa Fewa nmortm. ine. .

I
' 25 -ing your deposition here today under oath, Dr. Hanauer? i

i
.

,

i
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4 ;

,

1

MPB/eb2 1 A Yes, it is. j

l

2 Q Have you read the document in full, sir? !

||

3' A Yes.

|
4 Q Do you understand the information set forth in this i

I
5 letter, including the general nature of the NRC TMI Special }

!

6; Inquiry, your right to have an attorney present here today as {
l |

7 your representative, and the fact that the information you

8 provide here may e'rentually become public?

9: A Yes.
I r

i

10 ' Q Dr. Hanauer, is counsel representing you personally

'~

11 tqday?

i

12 A Off the record.

13 (Discussion off the record.)
.

.

I

14 Yes, I understand Mr. Dixon with the NRC General !

l
i

15 Counsel's office represents me personally, as well as the ,

i

!16 agency.
I

i

17 Q Dr. Hanauer, you should be aware that the testimony '

'
o

18 you give has the full force and effect as if you were testify-
I .

19 1 ing in a court of law. My questions and your responses are |

20 being taken down and will later be transcribed. You will be
,

i

21 given the opportunity to loon at that transcript and make

)
- .

ss/ 22 changes that you deem necessary.

23 However, to the extent that your subsequent changes

24 are significant, these changes may be viewed as affecting your f
*

Aa FWest Emorters, Is !

25 credibility, so please be as complete and accurate as you can

!

l,
i
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5 !
!

l i
MPB/cb3 1 be in responding to my questions. 1

i

2 Ifyouatanypointduringthedepositiondon'tunder-j

3 stand a question, please feel free to stop and indicate that,

CE) | |

4' and we will make the clarification at that time , going off the |

|

5 record as need be for clarifications or for you to locate and i
t

6 refer to documents as necessary.

!

7 Okay? ;

l
I

8 A Yes.

9 Q I would like to suggest to you two basic groundrules1

i

10 ' which I'm sure are familiar to you since your deposition has
|

11 been taken before, as I understand it. One is that you permit !

12 me to finish my question before you give your response even if

' () 13 you know what the question is going to be, because the Reporter
i

14 cannot take down both of us speaking at the same time . I

!

15 Second, please respond audibly. Motions such as ;

,

16 nodding your head cannot be taken down by the Reporter.
.

!

17 Did you bring a copy of your resume with you, ;

i

18 Dr. Hanauer? ( c

! c

19 A Yes. !
;

20 MR. PARLER: I would like to mark for identification
'

I

|
21 as Exhibit -- g

!

() 22 THE WITNESS: Off the record.

|
23 (Discussion off the record.)

24 MR. PARLER: Back on the record. |
t.Am Few2 Reorwes, lm.

25 I would like to mark for identification as Exhibit |
;
,

,

4

-e r y
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6 !

!

I

TB/eb4 1 1131 a copy of a cne-page biographical sketch entitled j

2 |
"Dr. Stephen H. Hanauer, 1979."

'
'
,

3i (Whereupon, the document i

|
! referred to was marked4 ,

l
5 as Exhibitll31 for e

i

6, iden tification . )

| :
'

7 BY MR. PARLER-
t

i

!

8 Q Dr. Hanauer, does this document which I have marked
|

9; as Exhibit 1131 for identification, does this accurately ,

l

10 ' summarize your educational and employment background?
i

11 A Yes.

12 Q What is your current position in the Nuclear Regula- |

13 tory Commission, Dr. Hanauer?
i

14 A Director, Unresolved Safety Issues Program, Office of (
!

15 Nuclear Reactor Regulation. ;

;

16 Q What was your position in the Nuclear Regulatory |

517 Commission on, say, March 30th, 19797
| -|
' #

18 A Assistant Director for Plant Systems, Division of
1 .

191 Sy3 tem Safety, Office of Nuclear Reactor Regulation. I
,i t

20 0 In the position that you occupied on March 30th,
!

21 1979, how many people approximately reported to you?
|

22 A 45.
.

23 Q And what generally were your responsibilities, sir,

24 in that position? ,

Ace-Federd Reporters, loc.

25 A I supervised three specialized branches: Instrumentation
!
l,
"

,

i
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|

!

)

MPB/eb5 1 and Control Sys~ams, Power Systems, and Auxiliary Sys tems, and |
| i

2 the review of license applications for construction permits and !
|

| '
3 i operating licenses.

(_ ) |
4 Q Dr. Hanauer, to whom did you report in that position? i

|
5 A Dr. Roger Mattson, Director cf the Division of System |

1

6 Safety.

7 Q In your present position, sir, approximately how many

8 people are involved under you?

9 A This answer has to be more complicated. I have super-!

|

10 ! vision over 20 task groups for the 19 unresolved safety issues,
i

11 and one other issue considered to be very important. These |
*

12 efforts involve upwards of 50 pecple who, however, report

( directly to their line supervision as well as participating in13

14 the task groups under my supervision.

I
15 Q For the purpose of the record, at this point would :

;

16 you mention the one other thing in addition to the 19 I believe j
!

17 issues that you said you were concerned with? i

i

! e

18 A Issue B6, load combinations. .

!
'

19 Q Which generally, without going into details, is con- !

!

20 cerned with what? ,

21 A It's concerned with the methods of combining struc- i

I
<s
t i
s/ 22 tural response to the loads imposed by different events which

23 could occur concurrently such as earthquakes and accidents of
|

!

24 other kinds. ;,

!

| Ace Feder'1 Reporters, Inc. j,

25 Q Dr. Hanauer, in your current position, to whom do you j

!
! l
| .

! j r
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ii

8 |

!

/eb6 1 report?

2 A Mr. Harold Denton, head of the Office of Nuclear
i

3' Reactor Regulation. |,

k_ |
4 Q Dr. Hanauer, we have your resume but I would like to i

|
5 go over some of the points that are made in that resume for !

6 the purpose of the record at this point.
!

7 Would you, for the record, state your educational

8 background, please, Dr. Hanauer?

9 A I have bachelor's and master's degrees in electrical :

!

10 engineering, and a Ph. D. in physics. ,

t

11 Q Now prior to joining the Nuclear Regulatory Commission',

12 what was your employment backgr'ound? I gather that in the

p) 13 1950s you were employed at the Oak Ridge National Laboratory. ;s

I

14 If that is correct, sir, would you so indicate and state for |
|
t

15 the record generally what that employment history involved? ;

i

16 A Well, as stated in my biographical sketch, I was |

17 employed from 1950 to 1965 at the Oak Ridge National Laboratory. !
i <

l c
18 During almost all of that time I was involved in reactor in- !

!
"

19 strumentation and control in various capacities: designing i

20 systems, developing and testing components, establishing safety
,

I
21 and operating requirements.

|

22 And during the last five years I supervised the

23 group that was charged with developing reactor instrumentation

'

24 of different kinds and for new purposes. ,

A*Fewaneomn.w. .

25 Q During that' period were you issued any patents,
.

I
1
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@B/cb7 1 Dr. Hanauer? |

2h A Yes, one.
l!

3! Q Was that in the area that you just described? !

O ;
4' A Yes, it was for a system for automatic reactor start-

|
5 |up.

I I

i Q And then af ter your employment at the Oak Ridge
'

6

l

7' National Laboratory, then you moved into the academic world.

8 Is that true, sir?
!

9 A That is correct. I was professor of Nuclear Engineer i
| |

10 ' ing at the University of Tennessee from 1965 to 1970.
i

II Q During that period of time I gather that you were also

12 a member of the Atomi.: Energy Commission's Advisory Committee

A
V 13 on Reactor Safeguards. Is that correct, sir?

i

14 A That is correct.

15 Q That was for a period of what, about five years? i

i

16 A About five years. )

17 Q And during that period you served as the Chairman of |
! <

18 the Advisory Committee on Reactor Safeguards, and also the Vice

I9 Chairman of the Advisory Committee on Reactor Safeguards. Is

r

20 | that correct, sir? !

21 A That's correct. I was Vice Chairman for calendar
n
V 22 year 1968, and Chairman for calendar year 1969.

23 Q You also were employed with the United States Atomic
i

24 Energy Commission after your tour ended as a member of the ;
,

a, Aw-Federd Reportees, Inc '

25 Advisory Committee on Reactor Safeguards. Is that correct?
,

i

i
>

,

l a

_
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10 ! !

MPB/eb8 1 A More or less. I accepted full-time employment with
,

2 the Atomic Energy Commission in June,1970, and resigned from |
.

3> the Advisory Committee on Reactor Safeguards when I took up

4' full employment. The two activities were not compatible. i

i
!5 0 What was your first position with the Atomic Energy

6 Commission, please, Dr. Hanauer?

7 A I was technical advisor to the Director of Regulats.on

1

8 Q And you held that position for how long, sir? |
i

9 A In substance, for nine years; in name for approxi-
1
i

i
10 mately two years . When Mr. Muntzing because Director of Regula-

i

11 tion the title of the position was changed to Director of the |

12 Office of Technical Advisor. This name persisted until the
I

g..
' 13 termination of the Atomic Energy Commission in January,1975.

.

l
~

14 Nhen the Nuclear Regulatory Commismicn was !
i

15 fo rmed , I was appointed to an essentially identical position ;
;

16 as technical advisor to the Executive Director of Operations.

!
17 Q What, generally, were your responsibilities as |

*

C

18 technical advisor to the Director of Regulation of the Atomic
1

19 Energy Commission? !

20 A I was to provide counsel on technical matters to the ,

I i

!

21 Executive Director. This involved a degree of cognizance and
|s'

- 22 surveillance of all the technical activities and, in particular,

23 the technical problems of the then regulatory staff of the

24 Atomic Energy Commission.
. AwFew3 Roorwes.1% g j

25 I was principally directed and interested toward !

t
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i.11
|
i

:MPB/eb9 1 reactor safety prc'-lens, but did get involved in some of the i

2| others as appropriate. I performed investigations; I chaired
,

,

3 test groups; I participated in various studies and mdde |

|
4 recommendations to the Director of Regulation and to o ther i

5 management and organization units of the regulatory staff and
!

6, on occasion, to the Commission.
! I

7 Q Your responsibilities were essentially the same, or |
|
I

8 were they changed when you headed the Office of Technical

9, Advisor which was established by Mr. Muntzing?

! !

10 A They were essentially the same. They were somewhat
i

11 broadened in that a small technical staff was included and i
> ,

12 somewhat later, the Applied Statistics Branch was added to my
,

13 resoonsibilities. But the over-all duties could be described
i

14 in pretty much the same terms. |
1

I

15 Q Now from January,1975, when the Nuclear Regulatory i

i

16 Commission was created, until some time in 1978, when you |
!

17 assumed your position as the Assistant Director for Plant i
!
i

18 Systems in the Division of Syste:Is Safety, Dr. Hanauer, you
i

19 have said that you were the technical advisor to the Nuclear f
20 Regulatory Commission's Executive Director for Operations. Is

,

|
21 that correct, sir?

,

\ ')t
22 A That is correct.

23 Q And your duties in that position, were they essen-

24 tially the same as you have already described? .

. Ace Forsord Reporters, Inc.

25 A That is correct.
i

|
:
1

- -
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MPB/ebl0 1 MR. PARLER: Off the record.

2 (Discussion off the record.)
!

]
3' MR. PARLER: Back on the record.

4 BY MR. PARLER:
|

5 Q with the details that have been given in your resume,!
!

6> Dr. Hanauer, that you have elaborated on in response to my
;

,

'
; 7 questions, I think it is fair to say . that you have had long

8 experience with the -- just about every aspect of the regulatory
I |

9 process of the Nuclear Regulatory Commission and its predecesso .

i 10 ' Is that correct, sir'
l

II A That's correct, except that I've not participated in |
t

12 any licensing hearings. I have participated in one rule-making'

O 13 hearing. ,

i

14 0 - You have had the opportunity, though, in positions !

f
15 of responsibility to observe ~ the licensing and regulatory :

i

16 process from the perspective of the Advisory Committee on j
i

17 Reactor Safeguards, from the perspective of a senior position, !
<

18 advising the Atomic Energy Commission's Director of Regulation,
i

19 the Nuclear Regulatory Commission's Executive Director for
:

20 Operations, and also now in a responsible line position in the )

21 Division of Syster Safety. Is that correct, sir?

22 A That's correct.

23 0 So you have been in a position over the years so

.24 that you are familiar with and perhaps have been an important
' .

4

| Ace-Fooerd Rooorters. Inc, j
25 part of the development of licensing and regulatory policy. Is |-

i.

'

.-
- _. . - -

,.'L*

_.
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I

l

1 that correct, sir? |;MPB/ebll
l

2 A Yes. ;
I

3 MR. PARLER: Off the record. |

|(1) '

I4 (Discussion of f the record. ) |

|
5 MR. PARLER: Back on the record. |.

|

6 BY MR. PARLER
!

I 7' Q Dr. Hanauer, during your service on the Advisory

8 Committee on Reactor Safeguards, were you involved in the

9 Advisory Committee on Reactor Safeguards ' review of the Three
I

*

10 ! Mile Island Nuclear Station, Unit Number 27 -

11 ' A Yes. |

l
'

12 MR. PARLER: I will mark for identification as

O
k/ 13 Exhibit 1132 a letter dated July 17, 1969, to The Honorable

i

14 Glen T. Seaborg, U. S. Atomic Energy Commission, Subject:

15 Report on Three Mile Island Nuclear Station, Unit Number 2. ;

i

16 This letter was signed by Dr. Stephen H. Hanauer, who was then j
i

17 the Chairman of the Advisory Committee on Reactor Safeguards. !

I
18 (Whereupon, the document

'

!

19 referred to was marked !

20 1 as Exhibit 1132 for !
I

I

21 identification.) ;
f

O' 22 BY MR. PARLER:'

23 Q I hand you a copy of this letter, Dr. Hanauer.

24 (Document handed to the witness. ) e'.

'
: Am Fwww Reorms, im.

25 Have you had the occasion in recent months to re read

!

|
-

s ,
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i

1

MPB/ebl2 1 this letter to refresh your recollection?
i

I
2 A No.

i

!

3i O I wonder if you'd mind doing so. What I would like

( '
I

4 to do is to see how, over a decade ago, at least this part of |

5 the process worked to identify things which appeared to be of

safetysignificanceaboutthisplantatitsconstructionpermitj6

7 stage.

8 A Off the record.

9 (Discussion off the record.)
'
s

10 1 BY MR. PARLER:

11 Q What were the concerns, if any, at the construction
i

12 permit stage of Three Mile Island, and were the concerns |

() 13 expressed in the letter dated July 17, 1969, which has been

14 marked as Exhibit 11327 |
I
i

15 A Well, in direct answer I will have to say that I no ,

i

16 longer remember in any detail the concerns on this particular :
i

17 plant, but they are embodied in the report of the Committee,
|

18 Exhibit 1132. In general, the ACRS does not conduct a com-
1

19 plete, detailed review of each plant, but identifies two i
i

20 sorts of concerns for each of its reviews. :
,

21 One is any particular feature of the individual plant
t

O' which the Committee believes warrants its looking into. And22

3 262 23 the second is to use the successive plants to make progress and

24 improvements in areas of safety of general concern to the |
'

'

: Ace-hee;i Recorwes, lm.

25 Committee at that particular time.

!

l,
f
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i
MPB/cbl3 1 Viewed in that context one can read the 12 technical |

t

2 paragraphs of this report to -- I'm sorry, correction -- 11 i

!

3 technical paragraphs of this report and recall, based on this

(
4 le tte r , the underlying concerns, paragraph by paragraph.

1
5 The first technical paragraph which is the second :

I

6 paragraph of the letter relates to the Three Mile Island site

7 which is near an airport, and for which, just as Unit 1 on j
:

8 this site, hardening was required for postulated aircraft

9 crashes. :

!

10 ! The second technical paragraph relates Three Mile
,

i

11 Island Unit 2 to Three Mile Island Unit 1 in a fairly general ;

,

12 way and states the Committee's belief that resolution of

13 generic matters applicable to Unit 2 should be pursued.
1 ,

14 Off the record. |

i.
15 MR. PARLER: Off the record. ;

i

16 (D).scussion off the record.) {
!

17 MR. PARLER: Back on the record. j
!

I o
18 THE WITNESS: The following paragraphs consider a i

l -

19 number of technical matters related to this particular plant. i
!

20 I will only enumerate them and we can go on.

The third paragraph discusses the design basis flood. |21
Irm

k-). 22 The fourth paragraph discusses the design of the

23 containment and in particular the grouted tendons in the pre-

24 stressed containment design. |

Am-FWwd Reorwrs, lm .

25 The next paragraph discusses the containment spray f
i,

i
5
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:
.

MPB/ebl4 I chemical additive to improve iodine removal.
t

2 The next paragraph discusses the possibility of |
)
'

!

3i hydrogen buildup in the containment. |

( i

BY MR. PARLER: |4|
!'

5 Q Dr. Hanauer, at that point, recognizing that this

6 record that we are making here some day may be read by laymen,
I

7 and also understanding that I am a layman asking you, the I

|
!

8 expert, the question, in view of the reference in the paragraph

9 that you just alluded to, to hydrogen buildup from various

!

10 ' sources in the unlikely event of a loss-of-coolant accident ,

1

11 and the fact that that issue was considered over a decade ago, |
4

12 why would it appear that at the Three Mile Island accident that

( there was the concern about-- The hydrogen issue there was13

i

14 apparently a novel concern and an unexpected concern. In !

I
15 other words, could you try to relate the hydrogen buildup issue;

!

16 here in this letter to the hydrogen issue which presumably j
l

17 was involved in the Three Mile Island 2 accident? i

f
18 A Yes. ;

i -

19 1 The concern in the ACRS report related to hydrogen i
i <
t

20 buildup -- generation rather than buildup. hydrogen generation ,

i

21 from the chemical reaction of the Zircaloy fuel cladding and |
c3

.

J 22 water or steam in the core in the event that the core would be.

23 overheated. This hydrogen generation is a fact of nature. The

24 chemical reacti7n rate is strongly dependent upon ,the tempera-
,

;4a pend amomn. is ; j
| -25 -ture. i

!

!

!
,

|
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MPB/cbl5 1 The concern that the ACRS was dealing with in 1969 i

i

2 was the amount of hydrogen that could be built up in the con- f
>

t

3' tainment and the possibility of the reaction of this hydrogen |

( f4 with the oxygen in the air in the containment atmosphere.,

I

5 Two concerns related to hydrogen actually occurred |
|

6, in the Three Mile Island accident in 1979. The first one
i

7 chronologically was almost precisely as predicted in 1969. The'

8 core did become overheated. The chamical reaction between the
'

9, Zircaloy and water did take place. A large amount of hydrogen

I |

10 ! was genera ed. This hydrogen did escape to the containment :

i

11 and the pressure spike in the containment is universally be- ;

i

12 lieved to be evidence that the hydrogen and the oxygen did {

13 combine chemically to release a substantial amount of energy.

2 14 The second hydrogen concern in the Three Mile Island [
i

15 accident related to the buildup of hydrogen gas inside the pri '
i

| 16 mary system and was not foreseen in the ACRS or other reviews j

i

17 ten years ago. j

i
''

18 Q Do you have anything else to add about the other
i

19 technical paragraphs in the letter? In other words, continue |
!

20 as you were before I interrupted you to ask the question about
;

!
21 the hydrogen.

(~)<

\/ 22 A Yes, I'll go through them briefly one by one.
l

23 Q Briefly.

'
24 A The next paragraph relates to the instrumentation of

Am Fewd Rmomes, lm, i 1

25 the reactor for the potential for common failure modes, and thel f
i i l

: ;
'

I
s 1
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i

I
MPB/ebl6 1 consequences of interconnecting the control and safety instru- j

'

i
.

2j mentation. !

I
3' The next paragraph relates to possible failure of !

p) |(. !

4' the scram system during anticipated transients, the so-called |;

|
5 ATWS issue. i

|

6, The next paragraph relates to vibration or loose |
1

'

7| parts in the reactor system during oparation and means for

8 detecting this anomaly if it should occur.

9 The next paragraph relates to long-term viability of i
|

10 ' the emergency core cooling system af ter the postulated loss- :
;

11 of-coolant accident. |

12 And the final technical paragraph relates to the

p
% 13 design, inspection, and integrity of the fly wheels on the main

i

14 coolant pumps.

!
15 Q Good. ;

|

16 Some people are under the impression or may be under |
!

17 the impression that the regulatory process, vendors, the ACRS

| G

18 in past years did not consider, perhaps at all, small break >

1
-

19 LOCA analysis. Would that be a correct understanding? In otheh

20 words, was it not considered at all? Or is there something .

'
t

|
21 else that is involved about the -- Maybe the small break LOCA |'

(''i
\/ 22 analyses were considered but there are questions that later on

23 have come up about the adequacy of the consideration?

'
24 A The small break LOCA was included in the considera-

!AeFWwd Rmorms. loc.
25 tion of loss-of-coolant accidents and emergency core cooling f

.
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,

i

MPB/ebl7 1 requirements. It is included in the ECCS rule, 10 CFR 50.46 }

2 and 10 CFR 50, Appendix K.
*

6

2 i However, the great difficulty in delineating the !

i
'

O I large loss-of-coolant accident led to an unjustified compla- |4

|
5 cency that the small break was well in hand, that the models !

! !
'

6I used to calculate the course and consequences of small-break

|
7 accidents did not require anything like the degree of attention

8 that these same matters occupied for large breaks.

9 I think the consideration of small breaks since the |

!

10 ' Three Mile Island accident has shown that they received in- :

i

adequate a[tention before the accident. |11

i

12 Q Dr. Hanauer, I have a letter dated October 22nd, I

O is 1978, er oeae w "oe11er wa wee the ca irme= or ese ^a-

14 visory Committee on Reactor Safeguards. The letter is to The |

|
15 Honorable Marcus J. Rowden who was then the Chairman of the i

16 Nu lear Regulatory Commission, Subject: Report on Three Mile

I

17 Island Nuclear Station, Unit Number 2. i

i

18 MR. PARLER: This is a letter which I will mark for c

1

19 identification as Exhibit 1133. It's the ACRS letter on Three |
!

20 Mile Island at the operating license stage. j

|
21 (Whereupon, the document -

I

O 22 rererred to was merked
.

23 as Exhibit 1133 for j

24 identification.) j
,

!Am-Forter3 Cocorters, Inc.

25 BY MR. PARLER:.
,

!

:
1
1
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t

|

s}B/ebl8 ; Q Dr. Hanauer, I realize of course that in 1976 you j
i

2 were not on the ACRS .

3 i I will show you the letter, however for a different |
i

iO 4 purpose.

}I5 (Document handed to the witness.)
|

6 Again, looking back to your days and years on the

7 ACRS , could you tell me from your experience how the Committee

8 relates or follows up on what its views are as expressed in

9 its letter at the construction permit stage of a plant, how :

1

those things have been treated or are treated at the operating [!
10

i

11 license stage? f
i

12 A When the Committee reviews an application for an |

() 13 operc. ting license it's a number of years, in this case seven

i

14 years, af ter the Committee has reviewed the application for a j

i

15 construction permit. During this time it is reasonable to |~

I

16 suppose that the problems in the forefront of the Committee's ;

!

!

17 consideration are quite different from the ones that had i

!

18 occupied it seven years earlier. ! o

!

19 The Committee always looks at its construction permit

20 letter when it issues a report on the operating license applica- i
!
I

gi tion. But in general, the problems that appear to the Committee

n

i) 22 at the operating license stage are rather different. This is
s

23 not always the case.

24 For example, the operatlag license report, Exhibit |
IAm FewJ Rmorwrs, lx.

25 1133 contains a paragraph related to anticipated' transients (
!

|
.

.-.
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,

|

)B/cbl9 1 without scram, an issue that was in the construction permit i

|
|2 report.
I,
.

3- There's a paragraph about the design basis flood in )
C) | |

4' the operating license letter, although the emphasis is on the ;

I

5 plans rather than the definition of the flood itself. i

6 There is a paragraph on oost-accident noeration with
'

I

7 somewhat different emphasis than the paragraph on the same
f
I

8 subject in the construction permit review.

9 There is a paragraph related to the resolution of
!

10 ' generic issues which is somewhat different in charactor th'.4

11 that in the construction permit review, reflecting the passage j
i

12 of seven years. !

() 13 And the rest of the four-page operating license ,

l

14 Committee review relates to problems not included in the con- |
|

15 struction permit review. Part of this is the change in Commit ',

i

16 tee focus onto current problems and the resolution of the ones j
i

17 that had been current seven years previously. :

|
18 Part of it is the change in focus from a constructioni <

|
<.

19 1 permit perspective to an operating license perspective in j

| !
20 which the plant has been designed and constructed and operating;

|
21 procedural and management questions become more immediate

() 22 concerns than they were seven years previously.

!

23 Q Dr. Hanauer, I'd like to ask you a very general ques-
,

24 tion. This questic.: also is asked to you in the ACRS context
- i.
| Am FWwW ReorMrs, lmc.

| 25 and that is if you would try to recall a decade or so ago when
,

,.
i
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MPB/eb20 1 you were on . that Committee. j
i

2 How did the Committee, the Advisory Committee on |
| |

3; Reactor Safeguards during your time on that Committee go about '

( |
4 establishing the importance of things which that Committee i

|
5 thought should be emphasized for purposes of protecting the '

I.

6 public health and safety? |
I

7 A This was determi,ned partly by the individual and the |
|

8 collective judgments of the Committee members, tempered by the

9 judgment of the Staff as shown by the issues they would em- ,

!

10 ! phasize in their reviews, and the questions and problems they ;

I

11 would explicitly refer to the Committee for its advice. ;

i

12 We had at that time no quantitative probabilistic

() 13 framework to use in establishing the relative importance,
I

14 priority risk contribution of various technical issues we were |
1

15 dealing with, and so we used our judgment. ;

i

16 Q Incidentally, Dr. Hanauer, can you recall now whether j
!

17 the integrated control system of the B&W plants was looked at, |

!

.

considered by the ACRS during these later years in the 1960s | E

18

19 in the review of Three Mile Island and Oconee? j

!

20 A The integrated control system did not have its .

|
21 present form at that time. An earlier version was available ;

,

() 22 and there were of course control systems on the earlier Babcock

23 and Wilcox plants.

24 Control and instrumentation systems is an area where ,

Am Fewd Reorms, lm.

25 I've done a great deal of professional work myself and so I j
'

.i

J
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i

|

|MPB/eb21 I would rather naturally tend to pay attention to them. I

i

At that time, however, and until quite recently it I2|
! !

3| was generally believed, and I believed, that control systems

|-
4 merited a somewhat lesser emphasis in a safety review, that i

|
5 although control systems were very important to the reliable |

!
t

6 and economical operation of the plant and it was recognized j
!

7 that control system failure could initiate the need for protec-

8 tion system action, it was not believed necessary to study the

9 details of control system design and performance.
I

10 ' I still believe that this is largely true although
;

11 it is clear from the Three Mile Island accident and many other !

12 things that the almost total neglect of control systems in f
i

() 13 safety review was probably not the right thing to do and that
i-

14 more attention should have been paid to it. f
;

15 MR. PARLER: Off the record. i
,i
|

16 (Discussion off the record.) | 1

i I

17 MR. PARLER: Back on the record. .

I ,

18 I have handed to Dr. Hanauer a document which I will

i
19 mark for identificati'on as Exhibit 1134. ! |

20 (Whereupon, the document :
I .

I
21 referred to was marked j

) 22 as Exhibit 1134 for

23 identification.)

! 24 MR. PARLER: This document is entitled "A Report to -

Sa FerJ Reonm. inc. ,

25 the Atomic Energy Commission on the Reactor Licensing Program |

.
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I

!

iPB/cb22 1 by the Internal Study Group, June 1969. " The words that I have:

I
2 1 given are on the cover page of this document. !

'

!

3 BY MR. PARLER:
(~') ! ,

' ' > !+

4 Q Dr. Hanauer, it's my understanding that the document i
9

!I

S that I have given to you is a study under the chairmanship of !

i

6, Harold G. Mangelsdorf who was then a member of the ACRS , and

7 that you as a member of the ACRS, indeed the Chairman of the
1

8 ACRS, participated in that study. Is that correct, sir?

,

9 A That's correct.
!

'

10 O Could you tell me generally what your recollection

II is that the purpose of this study was? That is the question,
i

12 but let me add a couple of thoughts to it that would give the !
!

/~h( ,) 13 question better perspective. !
,

!

I

14 I think that we are familiar with any number of I

i

15 studies that have been conducted over the years to look at the
i

'
16 efficiency of the licensing process, improving the schedules,

!

17 et cetera. It is my understanding that this study which has

18 come to be referred to I believe as the Mangelsdorf study, -

|

19 1 that one of his main purposes was to focus on the technical
'

l
20 1 review part of the licensing process, in other words, the

i

21 quality of the technical review.
i,-

(_)s !
22 I'll ask the question again: Is that the main pur-

23 pose that you recall of this study, or if not, could you please
!
'

24 describe generally the purpose of the study as you recall .it?
: A&Fw:wd Remnm, lnc.

25 A That's my understanding, and that was the charter of |

!
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I25

I
1 the panel as given by the Commission. ;@B/eb23

2| Q Incidentally, Dr. Hanauer, do you recall any similar

I !

3 studies that had, say, been chartered by the NRC ACRS -- simi- !
'

O I

v I
4' lar in-depth studies of the technical review process, or is thei

I

5 Mangelsdorf study one that, to some extent at least, stands

6, alone?
I

7 A There have been others. The so-called Denton study

8 included a searching consideration of many aspects of the

9 technical review process and how it could be improved. The

10 ' recommendations were procedural in form, but the objective was ,

t

Il the same, to improve and technical review and also the effi- |
!

12 ciency of this review.

O is a so the Dent- regore, which I beneve wee issued in
i

14 the late spring or early summer of 1977, and the Mangelsdorf |
!

15 report, which was issued to the Atomic Energy Commission in

16 1969, are the two studies which stand out in your mind as beingi

17 the more thorough studies dealing with the quality of the !

5
18 technical review. Is that correct, sir?

1
<

19 A That's correct. They had somewhat different emphasesj
,

20 but they dealt in this way,

i

21 Q Now I have reviewed this document, the Mangelsdorf |
4

O
(./ 22 I study, Dr. Hanauer, and it would appear that some of the con- |

23 clusions and recommendations of that study were not only per-

24 tinent then but they remain pertinent today. If you don't mind,
Ace-Federal Reporters, Inc. j'

25 | I would like to refer you to a number of them and ask for your ;

i |

I
I

_ _
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t

MPB/eb24 1
comments on them in the vein of where things stood, sey, at ;

!.

2 the time these recommendations were made and where things standl
,

i

|,

3' now. i

() 4' I realize it has been a long time since you partici- ;
i
i

5 pated in the study, i

|

6 Incidentally, have you had occasion to review this j
:

7 report recently? j
i

a A No.

9 Q Well, then the record should reflect that, and also ,

i
'

10 ! that some of the discussion, your responses, would have to be
|

11 understandably general, or maybe you wouldn' t have any comment |

12 to make at all on any of these things.

() 13 Could we proceed on that basis?

14 A Yes. |

|
,

15 MR. DIXON: Off the record. ;

!

16 (Discussion off the record.) |

17 MR. DIXON: Back on the record.
!

18 BY MR. PARLER: ! (

!

19' Q On page 8 of the Mangelsdorf study, one of its first i

20 recommendations had to do with the development of regulatory
,

|
21 criteria and standards relating to safety and, among other

.

() 22 things, the study pointed out that: .

23 "While more technical information is needed

24 before the development of comprehensive regulatory |

: AeFewd Reorwes, Inc. !

25 criteria can be completed, the group believes that

| !

l
|

. _ .

-|
'

t
(
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1

, ,

!

3B/cb25 I the basic organizational structure and tec?tnical
i

,

2| capability for developing the needed industry safety |
! l

3' codes and standards already exists."
'

( |
4 A Where are you reading from? i,

!
5 Q I'm reading from page 10. |

6 Do you have any general comment on the adequacy of
!

7 regulatory standards, regulatory criteria and standards relat- !
!

8 ing to safety? Are these things woefully inadequate, adequate,'

9 more than adequate? In other words a comment in that context?
|

10 ' A Well, since 1969, we've seen the following series of
,

11 events: - !
i

12 First we've had the general design criteria, 10 CFR

() 13 50, Appendix A. |
|

14 Then we've had a series of over 150 guides related I

i

15 ' to reactor safety review, as well as a large number on other
i

16 subjects. |
!

17 We 've had the development of a large number of con-

i

18 sensus standards, incorrectly called here and elsewhere indus- c

i

19 1 try standards, promulgated principally by the technical
|

20 engineering societies and the American National Standards In-
,

|
21 s titute . t

:

() 22 We've had the development of the standard formats
i

|
23 and contents of Safety Analysis Reports.'

'
24 We've had the development and implementation of the

Ace-Federd Reporte,s, Inc, ,

25 | several-thousand page Standard Review Plan.
I

!

t
i
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|

1 S that in fact there has been what I would charac-
MPB/eb26

,

i

2 terize as an enormous increase compared to 1969 in the amount |
! i

3' of regulatory criteria and standards relating to reactor
'

( 4' sa fe ty .
I
i

5 I think this has been a large step forward in the !
l
I

6, effectiveness as well as the efficiency of the technical re- |

7 view of reactor safety, and that we were right in 1969 to call |

8 for the development of this body of standardization documents.
!

9 Q So there has been progress, considerable progress?
i.

10 ! A Oh, yes. I wouldn't want to imply that it was per-
.

i

11 fect or that nothing else is needed, but there has been a i

12 revolution in the amount of guidance and standardization avail-

() 13 able to the designer and the safety reviewer since 1969.

14 Q Now if you would turn to the second area that is I

|

15 dealt with in the Mangelsdorf report on page 12? The title of i
i
'

16 that recommendation is " Differing Views on Reactor Safety
i

17 Requirements." I'm reading from the top of page 12 now, for '

!

18 the record. Of course you're reading it yourself. I
'

i

19 1 "There are differences of opinion on the

20 degree of reliance that should be placed on the reactor

!
21 system itself and on engineered safety features, the |

,

() 22 number of such features required and the kinds of
;

23 failures to be considered. There are differences of

24 opinion on whether and to what extent trade-offs can
,

3m.Fewd Roomn.1M.

25 be made on the various safety elements."
r

|

1
1

i
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|
MPB/eb27 1 THen on this page the recommendation apparently is j

2 that:

i

3 i "The Commission should adopt a policy that |
!

4! the greatest emphasis and priority be placed on theN'

|
5 application of quality assurance to the design, con- |

|

6 struction and operation of nuclear plants so as to !

!
;

7 achieve the exacting level of safety required."

8 Take your time to read the page but after you do so,

9 Dr. Hanauer, I wonder if you would comment on this particular
!

10 ' recommendation. ,

1

3 11 A Yes. There are several currents of thought embodied |
.

12 here. There was at that time a strong attack against the

() 13 principle of defense in depth and the apparently inconsistency

14 and, in many cases actually inconsistency to requirements whichl
i

15 resulted. Commissioner Ramey and Mr. Shaw, who was head of |

16 the Division of Reactor Development and Technology, both ex- |
i

i

17 pressed the belief that the entire or nearly the entire re- i

1

18 liance on safety should be placed on doing the job right in the! o

i
'

191 first place, and the quality assurance program that goes along

20 with it, and deprecated including improbable accidents as part .
'

|

21 of the defense in depth.

A
() 22 This section is a response to that. The panel's

23 response was to acknowledge and even emphasize the value and

24 necessity of a quality assurance program which at that time
Am FMwd Coorms, Inc.

25 was not well delineated and was not embodied in the Commission's,
i

l

i
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MPB/eb28 1 regulations. .

{
2 But at the same time , the panel did not agree with

i
i

3 ! the point of view that the defense in depth, the redundancy, |
(~ !

\~)' ! the hypothesis of severe design basis accidents was unneces-4

I
5 sary and overconservative. And this is the reason for the t

|

6 discussion of differing views in this section. |
|
i

7 Q All right.
)
.

8 Do you believe that this recommendation that the

9 greatest emphasis and priority be placed on the application of ,

i

|

10 ! quality assurance, that that policy, that is, emphasizing
,

I

11 . quality assurance, has been adequately reflected in the regu- |
t

12 latory program of the Nuclear Regulatory Commission? Does

() 13 quality assurance get the priority attention it deserves in the
i

14 regulatory program? |

!,

15 A Perhaps more than it deserves. I think the pendulum |

|

16 has perhaps swung too far and that a very large mountain of j

t

17 quality assurance documents is taken to be compliance with i

18 the spirit of this and other discussions of the overriding -|
i

\

19 necessity for adequate quality assurance. j l
! ,

. s

20 If one views quality assurance in the broadest sense
;

| '
I

21 as we were perhaps doing on the Mangelsdorf panel ten years

() 22 ago, then my opinion would be unchanged, that quality assurance

in design, construction and operation of nuclear power plants23
|

,

24 is essential, in particular in the owner's program to design, I
'

Am Fewd Reorwes, lM. ;
25 ' construct and operate the plant in a safe way.

!

i
i

_
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MPB/cb29 1 Just as the Nuclear Regulatory Commission can't look
i

2 at everything, the owner can' t look at everything either and |
! i

3i has to have in place a detailed quality assurance program that !
'

O |4 does look at everything.

5 on the other hand, if you will look at the failures

6 and mistakes that add up to the Three Mile Island accident,

7 you have to say that only in the broadest view do they repre-

8 sent cuality assurance failures in the sense that a perfect

9 quality assurance program would catch all mistakes and all j

i

10 ' errors. ;

i

11 The procedures at Three Mile Island, for example , j

12 made it easy for the operators to make some of the mistakes

O >> which ther mede, which creeted end eeereveted the eccidene.

14 The procedure for testing the auxiliary feedwater system made |

|
15 it easy to leave it turned off. And the procedure for manipu- |

i

16 lating the high pressure injection system made it easy to turn
.

17 it off when the pressurizer level instruments showed the i

i

18 pressure to be full and implied an inappropriate inference that;
i

19 the reactor was full. k
i

20 Therefore, I would have to say that one can only {
l
!

21 could to a certain degree on a quality assurance program and

, 22 that I don't think I would write the system just the same today,

23 the section the same today, although the opinions in it, taken

24 one by one, I still subscribe to.
Ace Feder;f Keoorters, Inc. |

'

g

f 25 Q The next discussion and recommendation in the
!

| |
,

-
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i

|
MPB/eb30 1 Mangelsdorf report is on page 16. Safety research is related I

!

I

2| to the licensing of power reactors. It would appear that at ,

! !

3| least to some extent the discussion -- the emphasis was on the .

(
4 research that is associated with the construction permit and i

{
5 that needs to be completed prior to the issuance of the operat-j

!

6 ing license. f
1

7 Beyond that there was perhaps some more general dis-

8 cussion of safety research for power reactors.

9 Do you want to read this section to refresh your

10 ! memory about this section, Dr. Hanauer? j

11 A I'm doing it as you go along.

12 Q Okay. Why don' t you just take your time and look at

() 13 it.
,i

!14 (Witness reviewing document. )
!

15 A All right. !

i

I
16 0 Well, there has been some concern expressed over the

!

17 years about the adequacy of the research program for licensed
;

'

18 commercial nuclear power reactors, what the government's role

'
19 should be, what the industry's role should be, et cetera.

20 Now I gather that sort of thing is also covered in

|
21 this recommendation. Is that right? j

( 22 A This recommendation was born out of frustration. The
,

'
23 AEC's safety research program was demonstrably inadequate and

i

24 unresponsive to the needs of the ACRS and the regulatory staff ;
' Am-FMrJ Reorwrs, lm.

25 during this period. There's a large number of ACRS reports to i

!

,
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!

MPB/eb31 1 the Chairman of the AEC in which a large number of recommenda- -
|

2 tions were made on safety research, a large fraction of which |
l,!

31 were not implemented by the Atomic Energy Commission.

() |
4 That situation persisted until the formation of the i

|
5 Reactor Safety Research Division in the AEC under Dr. Ray's i

6 chairmanship.
!

7 The point of this section in the report is in Item |
|

8 3 on the top of page 17, which I will read into the record.

9 "If necessary, research programs are not

!
10 i being conducted or are not sufficiently responsive :

!

11 to the identified needs. Alternative courses of action |

12 should be developed and implemented by the AEC and the |

() 13 nuclear industry."
i

14 This recommendation was not implemented for several |
|
,

15 years after it was made.
,

i

16 Q All right, j
1

17 I also note, Dr. Hanauer, on the next page of this ;

I

t '

18 report, page 18, there is a statement, and the statement of
'

I

19 course was made in 1969, that: |
6

20 "Most of the present safety research effort .

-
.

21 is directed toward providing information concerning

() 22 potential accidents having very low probabilities of

23 occurrence."

24 Did that direction or that emphasis continue there- ,

Am FMwd Reorars,1% I

25 af ter for a number of years?
t

!
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1

MPB/eb32 1 A Yes, it did, but the program was not adequate in

2 scope or intensity so that to say "Most of the present effort"
! l

3I is no t to imply that too much of such effort was being directed!

( 4 toward low-probability accidents. At this time the ef fort, ,

|

5 although substantially more than zeros was inadequate in a |

6 number of respects and in particular, the LOFT program was in

7 fact going nowhere . ;
i

8 However, the Semiscale progran and the Separate

9 Ef fects program initiated during this period provided the basis!
!

10 ' for the 1971 Interim Acceptance Criteria on emergency core

11 cooling systems which would not have been possible without the !

12 programs initiated during this late 1960s period.

() 13 Q The next recommendation, Dr. Hanauer, is on page 21,
,

14 relative emphasis on large and small accidents. I
!

15 Over a decade later, I gather that's still a topic )
i

16 of discussion, certainly after March 28th, '79. After you' ve I

i

17 taken your time to review this section, would you care to
i

18 comment on that, please, sir? !

19 A Yes. i

:

20 Q Comment on the recommendations. ;

|
21 A The recommendations again were considering several j

i

() 22 points of view. One of them current at that time in the

23 development part of the Atomic Energy Commission was that the

| 24 large improbable accidents should not be considered any further.
|| Am Fewd Rmo,wrs, lx, i

! 25 This is the same issue as was discussed earlier in the !

|
. |

!

! I l
,
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.MPB/eb33 1 discussion of quality assurance and defense in depth.

2 So that the first recommendation of the panel that

3 these large accidents should remain, and the second recommenda-
,

4 tion that the large accidents should not be deleted stem from

5 this pressure to reduce the effort in large accidents which,

6 I remind you, at that time had not been delineated by adequate

7 research programs.

8 There is also a brief comment that smaller accidents
,

9 must also be included. And I must say that in view of the

10 pressure to delete the large accidents, the emphasis in the

11 panel's report was on retaining them.

12 However, on page 24 is a discussion of smaller, more

0'< probable accidents which is representative of the amount of'- 13

14 attention they got then and for many years thereaf ter, they

15 were not entirely neglected but were considered to be suffi-

16 ciently easier and simpler to deal with that they didn't

17 occupy much of our time,
c

18 Q Okay.

19 The next recommendation is on page 25, quantification

20 of safety. That need was pointed out f rom time to . time,

21 if my recollection is correct. Shortly after March the 28th,
O' 22 '79, the Chairman of the ACRS or its Executive Director sent

23 to the Commission a very brief one paragraph letter which made

24 essentially the same recommendation, that there is a need to
Ace Federd Roportwrs, Inc.

25 better quantify safety.

.
,
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MPB/eb34 1
But with regard to the particular recommendation of

2 the Mangelsdorf committee , af ter you' ve refreshed your recol-

3 lection, maybe you would have some comment on what the recom-

O
4 mendation was or what progress has been made.

5 A This area has been transformed since 1969 by the

6 technical activities that culminated in the Reactor Safety

7 Study, the Lewis Report, and the Commission Policy Statement

8 on Quantitative Risk Assessment.

9 One of the members of the Mangelsdorf panel believed
'

10 that this type of evaluation, quantitative evaluation, was

possible in 1969, but the rest of the panel strongly dis-11

12 agreed. And so we have recommendation one, that the risk to

() 13 the public cannot now be meaningfully expressed in numerical

14 terms, plus some merely general recommendations that work

15 should continue in this area.

16 I don' t believe that I interpret the recent ACRS

17 recommendation the same way you do. As I read this recom-

18 mendation, it's to take an additional step beyond the Reactor

19 Safety Study and to establish quantitative safety goals to be

20 used as a yardstick in the reactor licensing process which, in

21 general, we do ..ut now do.

() 22 So there has been a great step forward in the

23 quantification of safety, and the ACRS has now recommended that

24 a next large step be taken.
' Ace-Federd Reporters, Inc.

25 MR. PARLER: For the record, Dr. Hanauer's

-
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WRB/eb35 1 interpretation of the ACRS letter that he has just stated was

2 my own interpretation of that letter. I didn ' t express myself

3 too well. I don't have the letter here with me.

4 BY MR. PARLER:

5 Q But 1 am correct that shortly af ter 'the Three Mile

6 Island accident such a letter was sent from the ACRS to the

7 Commission. Isn ' t that correct?

8 A That is correct.

9 Q Okay.
t

!

10 And it was a very short one, one pakagraph?

11 A That is correct.

12 Q All right.

() 13 The next recommendation that I have marked,

14 Dr. Hanauer, is on page 31, the degree of standardization and
.

15 imposition of additional safety requirements, which was a

16 matter that was receiving attention in 1969, and matters that

17 are still receiving attention today.

18 Again after you've read these pages, maybe you will

19 have some comment.

20 A Well, we recommended against a system of certifica-

21 tion that was adopted some years later under Mr. Muntzing and

O 22 Mr. O' Leary. So that I would have to say we were a good bitg_j

| 23 more timid about standardization than later Commissions and

24 later Regulatory Staffs.
Ace-Feder".s Repo,ters. Inc.

25 Q Could you comment- for the record at this point on tha

% a
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MPB/eb36 1 certification procedure, if you recall it, that was adopted by

2 the Atomic Energy Commission in the early '60s, or is that

3 something that you would have to refresh your recollection on?
A
kl 4 A No, you misunderstood me. I'm speaking of the

5 standardization policy that was adopted by the Commission and

6 the Regulatory Staff in the early '70s, --

7 Q Right .

8 A -- about which a great deal hcs been written. It's

9 embodied in the Commission's regulations.

10 Q Oh, yes, that I knew. I did misunderstand you but --

11 A My point is that this panel recommendation which is

12 really very timid about standardization was accepted at the

() 13 time, but a few years later, a completely opposite and more

14 forward-looking standardization policy and later, standardiza-

15 tion regulations were adopted which in fact have a number of

16 positive approaches to standardization, which the panel did not

17 recommend.

18 Q The current standardization policies, as you. point

19 out, are spelled out in regulations and .in policy statements.

20 That's how the policy evolved in the early ' 70s. The certifi-

21 cation that the members of the Mangelsdorf committee was

( )) 22 thinking about was something -- what? -- like the Federal

23 Aviation Administration certification or --

| What I'm ' rying to do for the . record at this point24 t

| Ace-Federal Reporte,s, Inc.

j 25 is to contrast what you on the Mangelsdorf group were thinking
!
i

! .
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-MPB/eb37 1 about as a more limited certification approach with the policy

2 as it was eventually adopted. The policy which was eventually

3 adopted we know about. We can look at the regulations.

O
''~# What was the scope of the -;er '.ification policy that4

5 the people were thinking about in the late ' 60s?

6 A We talked with the Federal Aviation Agency about how

7 aircraf t designs are certified, and I must say that the various

8 things we were talking about in 1969 are mostly embodied in

9 the standardization policies of 1979.

10 Q Okay.

Il The next item, Dr. Hanauer, is on page 37, criteria

12 for deciding when to backfit af ter issuance of a construction

hl 13 permit.

14 After reading those pages, maybe you will comment,

15 those two pages, 37 and 38.

16 A Backfitting remains a very difficult issue because

17 we still don't have adequate quantitative methods to determine

(
18 the cost-benefit equation for proposed backfits or to quantify

<

19 adequately the proposed increment in safety that accompanies

20 a backfit.

21 Furthermore, when we do attempt to quantify them, we

() 22 find that almost never can two analysts' agree on the correct

23 values to be assigned to the components of such a calculation

i 24 and that we almost always disagree with the industry about the
bred.o n con.n. inc.

|
2 ', relative benefits and relative costs.

|

!
t.
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4PB/cb38 1
I don't think that the panel's study and recommenda-

tion made any significant contribution to this point.
2

3 0 In other words, it was a difficult problem in 1969

,-

(_) and even though the regulations in 10 CFR 50.109 have been4

5 amended to say something about backfitting, from the practical

6 standpoint backfitting remains a very difficult issue because

of the reasons that you have stated for the record. Is that
7

g correct?

9 A That's correct. And it was the present wording of

10 50.109 that the panel was considering and which are being dis-

11 cussed in this recommendation.

12 Q On page 39 there 's the next recommendation to involve

/~N 13 the ACRS in the regulatory process. Perhaps what you've al-
L'

14 ready said for the record and in response to my questions

15 directed to you in your capacity as a former member of the

16 ACRS and a former Chairman, those responses are adequate to

17 get at what is discussed in this particular recommendation.

18
I don' t know whether that's the case or not, but is

19 there anything else that you could add about what the

20 Mangelsdorf committee considered the role of the ACRS in the

21 regulatory process should be?

(~) 22 A Yes. I no longer agree with these conclusions. I
tj

do not believe that the ACRS should be relieved of the23

24 obligation to review and report on all applications for power
Ice-Feder; Reporters, Inc.

25 reactor construction permits and operating licenses.

,
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MPB/eb39 I I believe now, as I did not believe then, that this

2 is an essential part of the review process. The Regulatory

3 Staff has chosen not to take its own medicine and institute a
Ov

4 quality control process within the Staff. Ee do not comply

5 with any significant fraction of the quality assurance regu-

6 lations that we have promulgated for licensees. We rely

7 entirely or very nearly entirely on the line supervision which

8 is essentially contrary to the principles of the quality

9 assurance as given in our regulations.

10 Our only independent quality assurance with technical

11 compe tene is the ACRS, since it's been shown many times that

12 this pr. .edure cannot be provided by the Licensing Board hear-

() 13 ings.

14 Furthermore, I believe that only by participation in

15 a large number of cases can the ACRS avoid being relegated to

16 an ivory tower in which their considerations are so general

17 and so divorced from reality that they don't have the necessary

C

18 utility which comes, in my opinion, only from the consideration

19 of actual cases and actual events.

20 This is not to say that I think the ACRS should stay

21 out of safety issues, new data and development of criteria. I

22 think it's absolutely essential that they be involved. And'

23 since there is only one ACRS, and I would not for a moment

24 suggest having any more than one, and since they are part-time
Aes-Federd Reporters, Inc.

25 and have a limited resource availability, I would like to
;

|
1

_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _
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,

MPB/cb40 1 devise a scheme whereby their participation in licensing cases

2 was sufficiently reduced to make possible their other activity

3 without overloading them and therefore getting poor advice.

4 I would therefore institute a procedure where the

5 ACRS could decide that any given case was sufficiently like

6 another case or sufficiently devoid of important new features

7 that they could pass. But I do not support the proposal in

8 this document.

9 Q I believe that the last recommendation .of the

10 Mangelsdorf committee is on page 42. It's entitled " Timing

11 and Staging in Review and Decision Making Process."

12 : On of the things that the recommendation talks about

13 is an earlier regulatory determination than at present on the

14 matter of site suitability. ~Since that time the NRC's regula-

15 tions will reflect and do reflect that we have early site

16 approval policies.

17 There are some other things that are covered in this

18 recommendation. Maybe af ter you have looked at it you would

19 have some comments, Dr. Hanauer.

20 A I don' t have any comments on this. It's been over-

21 taken by events. We now have a number of them and I don't
'O
U 22 think the process goes any better.

23 Q Fine.

24 What are the things that apparently have changed
Ace Feder:A Reporters, Inc.

25 over the years from the timing standpoint with regard to ACRS
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MPB/eb41 1 review, at least as I understand it?

2 Ten or so years ago it was my understanding that the

3 ACRS -- review of the ACRS letter was narrowed to the front
O

4 end of the licensing process and the Staff's Safety Evaluation

5 came later on. And I gather now that the ACRS review occurs

6 at a later stage in the process.

7 Assuming that what I have said is correct, do you

8 have any comment on that?

9 A Well, what you've said does not comport at all with

10 my recollection in the period 1965 to 1970.

11 Q Okay, fine.

12 A The timing, while not as formalized as today, was

G
(_) 13 quite similar. That is to say except for extraordinary cases

14 such as the Forst St. Vrain gas-cooled reactor, the ACRS did

15 not seriously review a case until the Staff was finished, or

16 almost finished.

17 At that time it would be possible, although it is

18 strongly discountananced today, that the Subcommittee review
.

19 of the project would take place before the Staff's Safety
.

20 Evaluation had been developed. But this didn' t work very well,

21 and even in the mid '60s, most cases were not reviewed in any

/"T
s) 22 seriousness until the Staff's Safety Evaluation had been de-i

23 veloped.

14 MR. PARLER: Off the record.
Ace-Feded Reporters, Inc.

25 (Discussion-off the record.)

._ _
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MPB/ob42 1 (Recess.)

2 MR. PARLER: Back on the record.

3 BY MR. PARLER:

4 Q Dr. Hanauer, before leaving the Mangelsdorf report,

5 on page 38 of that report there is a reference to potential

6 problems that might be encountered in implementing a particular.

7 criterion that the report talked about for backfitting. And

8 one of those projects that was referred to with a potential

9 or possibility for disagreement between the Regulatory Staff

10 and the licensee to the safety requirements agreed upon at

Il the construction permit stage.

43.166 12 Apparently at the time of the Mangelsdorf report

() 13 there was a proposed amendment to the Commission's regulations,

14 one of the objectives of which was to minimize this problem

15 by providing for the development and use during reactor con-

16 struction of a system similar to the technical specification

17 system presently being used during reactor operations.
C

! 18 This new system, according to the Mangelsdorf report,
<

19 would require a delineation of the essential elements of the

20 design and specify that these cannot be changed af ter issuance

21 of the -permit without prior Commission approval.

-) 22 I gather that what is involved or what was involved

23 in the effort at that time was a proposed rule to define what
f

| 24 is meant by principal architectural and engineering criteria.
' Ace Feded Reporters, Inc.

25 I can represent. to you today that it is my

|
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PB/eb43 1 understanding that such a role has never been adopted by the

2 Commission although a proposea rule was published in April of

3 1969.
,A

4

\' 4 Now with that background, the question:

5 Dr. Hanauer, were you involved, as far as you can

6 recall, in the efforts since April 1969 to provide a definition

7 in the regulations as to what is meant by " principal archi-

8 tectural and engineering criteria" for the purpose of indi-

9 cating what an applicant could or could not do under a con-

10 struction permit without getting further Commission approval?

11 A I remember only that the subject was discussed.

12 Q But as far as you can recall, participation in any

,
t ) 13 major decisions at the Staff level or the Commission level on
v

14 that particular issue, you don't recall anything like that?

15 Right?

16 A No, I was still on the ACRS.

17 0 There were efforts made after the Mangelsdorf report

18 in 1969. As a matter of fact, the efforts by the NRC Staff a

19 in attempting to come up with a definition of " principal
'

20 architectural and engineering criteria" continued through most

21 of the decade of the '70s. But activity-- You don't recall

n
; ) 22 any significant participation, --

23 A No.

24 Q -- or an awareness or understanding of what
Ace-Federd Reporters, Inc.

25 difficulties were encountered? Right?

,
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MPB/eb44 1 A Well, I was probably aware of it, but [ recall so

2 little of it that it wouldn' t be useful.

3 Q Okay.

4 Dr. Hanauer, I have handed you a document which I

5 will mark for identification as Exhibit ll35.

6 (Whereupon, the document
,

7 referred to was marked

8 as Exhibit ll35 for

9 identification . )

; 10 BY MR. PARLER:

11 Q The exhibit so marked is a letter of Dr. Stephen H.

12 Hanauer, Technical Advisor to the Executfve Director for

13 Operation to Commissioner Gilinsky. The subject is technical
,

14 issues. The da te is March 13, 1975.

15 (Handing document to the witness.)

16 I have handed you a copy of the memorandum from the

17 NRC to Commissioner Gilinsky, Dr. Hanauer. I'm going to ask
C

18 you some questions about the technical issues that are covered
C

19 in that memorandum. If you want to , take time to read the

20 letter.

21 Shall we proceed, sir?

()|
22 A Yes.

|
23 Off the record.

24 MR. PARLER: Off^.the record.
Ace-Federd Reporters, Inc.

25 (Discussion off the record.)

I
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MPB/cb45 1 MR. PARLER: Back on the record.

2 BY MR. PARLER:

3 Q This letter has in it a number of items I believe.
O 4 Let's see, nine that are preceded by a title which reads

5 "Important Technical Reactor Safety Issues Facing the Commis-

6 sion Now or in the Near Future. "

And thereaf ter, under the title " Reactor Safety
7

Policy Issues," there are four items that are talked about.8

Now in the "Important Technical Reactor Safety Issues'9

10 category, Dr. Hanauer, the first one is described as design

11 objectives and the safety design basis for water reactors.

'? Would you, for the record, at this point indicate

p) 13 what that issue is all about, issue number one?
(_

14 A Well, I would really prefer to let the document

15 stand for -- speak for itself. I believe that each one of

16 these explains for itself, and I would rather not try to para-

17 phrase them and have two records on the same topic.

18 Q That is certainly understandable, and the document c

19 will speak for itself.

20 But beyond that, for purposes of understanding what

21 the root cause of some of these concerns are, I'm not too sure

() 22 that the document will speak for itself on that, what the

23 underlying causes are. Presumably there are some root causes

24 of problems. There are some regulatory principles that are at
Ace-Feded Reporters, Inc.

25 stake, or something that led you to believe that these things
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MPB/cb46 i are important and, presumably, should receive attention.

Now it is my understanding after having read the item
2

number one which will be in the record and which will speak
3

4 for itself, that-- The suggestion is what? That the design-

basis-accident approach in the regulations is not adequate
5

because that is the all-or-nothing approach in the light of
6

7 reality?

A That's correct. I was groping toward the same ap-
8

proach that the ACRS has recently proposed of using our know-9

10 ledge from the Reactor Safety Study and other probabilistic

11 approaches to modify the design-basis, all-cr 'athing approach.

12 Q But you aren't suggesting, or you were not suggesting

13 that the design-basis approach should be scrubbed and replaced

ja by something else, are you, or would you?

15 A No, I suggested the last sentence, that:

16 " Serious consideration should be given to

17 modifying the present approach - "

which is the design-basis approach, perhaps to add some quanti-
18 <

19 tative probabilistic criteria. <

20 -Q So that on that basis or with that method, the design-

21 basis approach would be extended so that for example, instead

22 of having 38 design-basis accidents that are analyzed and

23 provided for, there would be, say, 60 or 70 or something like

24 that?
Ace Federc Reporters, Inc.

25 A Well, I hope not. I hope it would be possible-- I

- ]'
'
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GB/cb47 1 don' t want to inv9nt one at this deposition --

2 Q Please don't.

to devise a safety review technique and technology3 A --

4 which takes into account the things we've learned since the

5 design-basis accident approach was devised. It served us very

6 well, but it also has a number of important shortcomings.

7 An obvious example is the question of how we should

8 factor the Three Mile Island event accident into the licensing

9 process. One possibility is to fashion a new design basis

10 I accident out of the event sequence that occurred in Three Mile

11 Island.

12 This seems to me very shortsighted because the exact

O 13 sequence that occurred at Three Mile Island is only an example

14 of a whole class of sequences which in fact were intended to be

15 included in the design basis but in a different way. That is

16 to say the systems and procedures were supposed to be provided

17 to prevent the sequence from degenerating as the actual se-

18 quence at Three Mile Island did, to severe core damage.

19 I would like to see a scheme devised where the dif-

20 ferent possibilities of how the event sequence proceeds can

21 be taken into account in a more realistic and probably a
O

22 probabilistic way.

23 Q Your item number three on page two, reliability and

24 single-failure criteria. You say that the NRC has not estab-
! Ace Federal Reporters, Inc.

25 lished quantitative reliability criteria for safety-related

i
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MPB/cb48 1 systems.

2 And you say:

3 "The operating plants is one of our chief
O

4 sources of information but we don't know whether the

rate of abnormal occurrences now being experienced is5

6 a satisfactory one or not. We do know that nuclear

7 units' availabilities and capacities are not satis-

8 factory. We need to find out whether safety system

9 availability is satisfactory, and to improve what-

10 ever aspects of reliability need improving."

11 That is what you have said and it will be in the o

12 record and will spet for itself.

() 13 Now what is the tie-in between reliability and

14 single-failure criteria, again for the purpose of the record

15 and this layman?

16 A The single-failure criterion is an approach to re-

17 liability requirements, grossly oversimplified, which provides
(

18 a certain degree of reliability such that the failure of any

19 single component will not fail the function of the system.

20 However, it is applied to systems of vastly different

21 reliability with the result that systems complying in every

() . 22 respect with the single-failure criterion can have greatly

23 different reliability, and that the specification of the single-

|
24 failure criterion does not provide a well-defined level of

| Ace F.o.ca reporten, anc.

25 reliability.
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(PB/cb49 1 There are better ways of specifying reliability, but

2 they involve uncercainties of the kind one encounters in all

3 probabilistic calculations with the present state of the art.73

U
4 And it has not in general been found possible to use them in

5 direct application to individual licensing cases.

6, The reason for this is quite complicated and relates

!

7 to present shortcomings of the technology of making such cal-

8 culations which I will describe as requiring too much art and

9 not enough science , so that competent practitioners starting

10 from the same information will get substantially different

11 answers.

12 Q All right.
A

k- 13 MR. PARLER: I want to mark for identification as an

14 exhibit a Staff paper to the Commission, which I don' t know

15 whether you had anything to do with or not, Dr. Hanauer. Maybe

16 you are not even aware of it, but I want to have it included

17 in the record at this point as Exhibit-- I just want to have

18 it included in the record, not at this point-- 1

19 Off the record.

20 (Discussion off the record.)

21 MR. PARLER: Back on the record.
p
\l 22 It's Exhibit 1135 -- ;

23 THE WITNESS: I ' m sorry , 113 6.

1

24 MR. PARLER: 1136. |
Am-FederJ Reporters, Inc.

25 THE WITNESS: 1135 is the Gilinsky memo.
1

!

|
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4PB/cb50 1
MR. P ARLER: Thank you.

(Whereupon , the document
2

referred to was marked
3,,

( )
as Exhibit 1136 for~

4

iden ti fica tion . )
5

3.376 6 MR. PARLE R: Exhibit 1136 is a memorandum from Edson

7
G. Case, Acting Director, Of fice of Nuclear Reactor Regulation,

through Lee V. ' Gossck to the Commissioners , subject: Single
8

Failure Criterion, dated August 17, 1977.
9

478 10 This exhibits points out that:

11 "The central conclusion to be drawn from

12 a Staf f review of the single-failure criterion is

,o
that that criterion has served well in its use as(_) 13

14 a licensing review tool to assure reliable systems

15
as one element of the defense-in-depth approach to

16 reactor safety. "

17 And the paper says :

"The Reactor Safety Study indicates that
18

19 its use has led to a generally acceptable level of

hardware redundancy in most systems important to20

21 safety. Some problems exist in specific interpreta-
,,

tions and applications of the single-f ailure criterionr

is 22

and these are the subject of on-going work."23

24 BY MR. PARLER:
Ace Federal Reporters, Inc.

25 0 . Are you familiar with the Staff work _in this paper,
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MPB/eb51 1 Dr. Hanauer?

2 A I received a copy of the paper, and I've read it.

3 0 Do you know whether the on-going work that is re-

4 ferred to with regard to addressing problems that exist in

5 specific interpretations and applications of the single-failure
.

6 criterion, whether there's been any progress made?

think it's b'en negligible, --7 A I e

8 Q Okay.

9 A -- although in the Office of Research in the

10 Probabilistic Analysis staff there has been some method develop 4

11 ment which co'uld, in the long run, but applicable to improving

12 the situation.

O(_/ 13 Q Okay. .

14 MR. SCI:ITO: May I ask a question at this point?

15 MR. PARLER: Sure.

16 MR. SCINTO: I just want to see the date of that memo.

17 THE WITNESS: Which one do you want?

c

18 MR. S CINTO : The one you just talked about.
<

19 BY MR. SCINTO :

20 0 In connection with the discussion you just had you

21 indicated the progress of the single-failure criterion resolu-

(' -) 22 tion, that there were some difficulties in that. " Negligible,"

23 as I believe you characterized it.

24 Are you familiar with the Commission's decision in
Ace-Federal Caporters, Inc.

25 the matter of the UCS petition relating to electrical
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MPB/cb52 1 connectors and fire protection that was promulgated in April of

2 1978?

3 A Yes.

4 Q Did your comment that progress on resolving single-

5 failure issues was negligible include consideration of the

6 Commission's contribution, the Commission's discussion of the

7 single-failure criterion in that decision?

8 A No.

9 Q How would you characterize the Commission's discus-

10 sion of the single-failure criterion in that decision?

11 A I would have to re-read it.

12 0 Okay. That question was asked if you recall it; if

D)t 13 you don' t recall it, please don't characterize it.
, ,

14 Thank you.

15 BY MR. PARLER:

|
'

16 Q Back to the Exhibit --

17 A Of f the record.

18 MR. PARLER: Off the record, o

.

19 (Discussion off the record.)
C

20 MR. PARLER: Back on the record.

21 BY MR. SCINTO:

() 22 Q Dr. Hanauer, perhaps I can find 'a copy of it during

23 the lunch break and you can take an opportunity to refresh
.

|

| 24 your recollection in that connection.
W-Feders Repcrters, Inc.

| 25 A Yes.

._
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MPB/eb53 1 MR. SCINTO : Thank you.

2 BY MR. PARLER:
;

3| Q Dr. Hanauer, back to Exhibit 1135, your memorandum'

g~3
(1

4 to Commissioner Gilinsky.

5 On page 2 there is a discussion of human performance.

6| Among other things you make the statement that:
i

7' "Means must be found to improve the per-

8 formance of the people on whom we depend, and to

9 improve the design of equipment so that it is less. . . ."

10 You say " . . . . independent from human performance. "

II That word should be " dependent," shouldn' t it?

12 A That's correct. It's a typographical error.
7-
5- 13 Q As corrected though, the complete document will be a

14 part of the record.

15 I suppose a question that I would like to ask on

16 this is apparently the matter of human performance was not

17 given the attention certainly prior to March 28th, 1979, that
"

18 it is receiving after that date; that is, human performance

19 of those that are associated with the operation of a commercial

20 nuclear power reactor.

21 A I don't agree.
,,
,

L 22 Q That's the first thing: Do you agree with that?

23 A Human performance has received a lot of attention.

24 Whether we succeeded in providing adequate human performance
Ace FederJ Ceporters, Inc.

25 is another question which could be explored.
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MPB/eb54 1 The technology of dealing quantitatively with human

2 performance has not advanced very far and therefore, one would

3 have to say that the humans made collectively a lot more mis-

4 takes affecting the Three Mile Island accident than we would

5 have allowed for in our analysis.

6 I want to be clear that I'm talking not only about
9

7 the operators on the scene but the people who wrote the pro-

8 cedures and designed the equipment that they relied on.

9 Whether this is the result of inadequate attention to human

10 performance is at least debatable.

11 It may be an inadequate technology to deal in a

12 definitive way with human performance during accidents and

13 transients , and that the uncertainty of human behavior is a

14 fundamental limitation on how much can be done in this area.

15 Q So what you' re saying is that the impression or ,the

16 view that some may have that human performance was, to some

17 considerable extent, ignored prior to March 28th, 1979, in

18 the licensing and regulatory process is something that you take

19 issue with. You don' t agree with that. Is that right?

20 A Yes. I think more could and should have been done.

21 And I'm pointing out in Exhibit 1035 that more should be donc,
;

(~%
kl 22 and it's clear that the performance of humans collectively at

23 Three Mile Island was inadequate. And to - that extent our

24 review of Three Mile Island didn't take it adequately into ;

iA* Fees neomn. w.

25 account, but that isn't to say it was ignored. |
1
i

e



-

57

IMPB/cb55 Q Dr. Hanauer. jus t for purposes of the record I would

2 like to identify two exhibits so that they could be included
3 in the record. I'll give you a copy of them. This'is one of

#
them.

(Document handed to the witness.)
6 MR. PARLER: Off the record.

7 (Discussion of f the record.)
O MR. PARLER: Back on the record.

9 The first one of these documents which I will iden-
10 tify for identification as Exhibit 1137 is a letter to

11
Dr. Glen T. Seaborg dated April the 3rd, 1961, from K. S.

12 Pitzer, who at that time was the Chairman of the General

13 .

Advisory Committee.

I# I am including --

15 THE WITNESS: Off the record.

16 MR. PARLER: Off the record.

17 (Discussion off the record.)

MR. PARLER: Back on the record.

19 I want to identify this document as an exhibit be-

20 cause even as early as 1961 -- and you will see this on the top

21 of page two -- the Atomic Energy Commission's General Advisory
O
(_/ 22 Committee was considering the issue of reactor operators'

23 examina~tien and the need to have what Mr. Pitzer calls a
24 reactor captain who would be in absolute charge of a facility

w.p.,, n ,,, , m

25 in the same sense as a ship's captain.
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MPB/eb56 1
(Whereupon, the document

2 referred to was marked
!

3! as Exhibit 1137 for
',_ I,s\

V I
41 identification.)

5' BY MR. PARLER:

6! O Unless you have some comment on this historical docu-
|

7 ment, I don't have any questions, Dr. Hanauer. As I say, I

8 just want to have it identified for purposes of the record of

9 this deposition. Do you have any?

10 A I have no comment.

11 Q All right.

12 Another document that I would like to identify for
,

kJ 13 identification as Exhibit 1138. is a report to the American

14 Physical Society by a study group on. light water reactor

15 safety dated 28 April 1975.

16 (Handing document to the witness.)

17 I have given you a copy of that document, Dr. Hanauer,

18 which, incidentally, is not the complete report but only the

19 summary of conclusions and major recommendations.

20 (Whereupon, the dc ument

21 referred to was marked
.

/ 22 as Exhibit 1138 for'

23 identification.)

24 BY MR. PARLER:
Ace Federal Reporters, Inc.

25 Q If you'll look at page 1-8, please, Dr. Hanauer,.

1

j~



59

@B/eb57 ) major recommendations of the study group on light water reactors

2
to the American Physical Society, the first recommendation is --

3 and I quote:

" Human engineering of reactor controls
4

which might significantly reduce the chance of opera-
5

tor errors should be improved. We also encourage the
6

automation of more control functions and increased7

perator training with simulators, especially in acci-
8

dent simulation mode . "9

Now the question that I would like to ask yo'u,10

11 Dr. Hanauer:

12 Are you aware of what, if any, actions the regulatory

13 agency, that is , the Nuclear Regulatory Commission, took in()
response to that particular recommendation which the record14

should reflect was not a recommendation to the NRC but a15

16 recommendation to the American Physical Society?

17 A During the period of this study, in fact the simu-

lators were coming into general use, although my first ex- <

18

19 perience with reactor simulators is over 20 y6ers ago. And

the regulations were changed more or less during the period20

of this report to provide not only permission but emphasis on
21

the use of simulators in the training and the requalification() 22

23 of reactor operators .-

At some time not far from the date of this recom-24
' Ace Federet Coporters, Inc.

25 mendation, we established an operator requalification program,
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MPB/eb58 1
and we also made some other changes in our operator training

2 regulations to encourage the increased use of simulators.

3 With respect to the human engineering I can' t point

O
4 to anything useful that we did. With respect to the automa-

5 tion of control functions, I must say that the general atmos'-

6 phere around. here was contrary and that in general, our licens-

7 ing review process gives people a hard time when they automate

845 8 control functions.

9 My personal technical opinion is that this 3.s wrong

10 and that functions appropriate for automation should be auto-

11 mated.

12 The whole question of division of functions between

() 13 the human operator and the machine, that is to say the degree

14 of automation, is the subject of a lot of exploration and

15 research, not only in the nuclear power field but in such

I 16 fields as aircraft and weapons, and the results are not yet

i

i 17 entirely clear as to how much should be automated. There are

<
18 differing opinions.

<

19 For example, in the nuclear Navy there is very little

! 20 automation with the object of keeping the human operator on

21 his toes. However, the direction of a weapons system such as

() 22 a nuclear submarine and the direction of a nuclear power plant

23 are really not the same problem and it shouldn' t -be surprising

| 24 that the answers come out differently. .

' Ace-Feded Reporters. Inc.

! 4 25 Q Dr. Hanauer, I don't believe that you've been asked

|
.

k
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MPB/eb59 1 as yet or that you have covered it, but if you have so indicate.

2 How is human error considered in the application,

3 say, of the single-failure criterion. To me as a layman, that

O
4 isn't too clear. I wonder if you could comment on that.

5 A The answer to your specific question is it is not.

6' The consideration of human failure comes about first from the

7 requirement that no reliance be placed on the actions of a

8 human operator during the initial period of a postulated

9 event. Depending on the event, these periods vary, mostly in

10 the range 10 to 30 minutes.

Il The role of a human operator as the initiator of a

12 transient and the role of a human operator as the agent of

O(_, 13 either mitigating an accident or aggravating an accident are

14 not explicitly dealt with in our present regulations or review

15 practices, and this is something that Rhs to be improved.

16 However, it can't be done by simply waving the magic wand.

17 Technology will have to be developed to allow this

18 to be done. The obvious approach is to use probabilistic

19 techniques. But in some important areas neither the models

20 or the data are available to put numbers on it.

21 Q Well, what what is the theory, that because even

{m)T 22 though what you said is the case about human error and the

23 consideration thereof in the regulatory p;ocess, that even

i 24 though -it is not considered that what is required is suf fi-
, Ace Federd Reporters, Inc.

25 ciently conservative so that one doesn't have to be

i
!
|

.

'
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FB/cb60 1 overly concerned at this time about the f act that human error 1

2 is not considered in the regulatory process?

3 A Well, it's a technical gap in our review technology
,,s

4 which is of concern but which we don't know how to fill without

S further research. And we simply have to accept whatever risk

6 increment this entails. And many people, including myself,

7 believe that this may in fact be the dominant, or a dominant,

8 contributor to the actual risk posed by nuclear power plants

9 today.

10 The Safety Study and val as studies since that time

11 have shown that something between one-third and two-thirds of

12 the risk involves human failings of one sort or another.

() 13 Q That's the Rasmussen Report that you' re referrin7 to,

14 WASH-1400? Is that right?

15 A Yes.

16 Q On page three of your memorandum to Commissioner

17 Gilinsky, item number seven is entitled " Degree of Detail and
/

18 Realism in Safety Evaluations." Again, everything that you

19 have said there will speak for itself, but in the interest of

20 possible clarification or enlightenment, is the suggestion

21 in seven essentially the same as the suggestion in number one?

22 It would appea r to me -- in your number one -- it

23 would appear to me to be the same, but I have a feeling that

24 they are not because otherwise you wouldn' t have had a number
Ace Federd Reporters, Inc.

25 one and a number seven.

,
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MPB/eb61 1 A No, they're quite different. Number one dealt with

2 the requirements , the design objectives, the safety goals, and

3 the substance of the review.

4 Q Righ t .

5 A Number seven deals more with the methods.

6 Q Right. Ckay.

7 A The substance of the review requires the analysis

8 of certain sequences of events, in the present scheme the

9 design-basis accidents. But in - any scheme there will have to

10 be analysis of the course of some sequence.

11 What I am suggesting here is that as.we get better

12 and better ccdes we can analyze in fact a whole lot more than

() 13 we want to know; that we have to decide how much we need.

14 What I didn't suggest here and what I would say today

15 if I were going to discuss the subject is a need I perceive

16 much more than I did in 1975 for getting rid of what I then

17 called the broad-brush treatment with plenty of arbitrary

18 conservatisms.

19 This is embalmed in such evaluation models as the

20 one specified for emergency core cooling. The difficulty is

21 whether the arbitrary conservatisms in the analysis lead to

() 22 a result which is so unrealistic that it is useful only for

23 the sequence and region of parameters for which it was de-

24 rived,
i Ace Federal Reporters, Inc.

25 You can learn, for example, almost nothing from such

,
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a calculation about the real safety advantage of making changesMPB/eb62 1

2 in the system because the calculation is so arbitrary and so

3 divorced from reality; the result is that an approach of this
(O
\# 4 sort which I was, to some extent, advocating then I do not ad-

5 vocate today, will in fact give you the wrong answer.

It will tell you that a certain change is in the6,

direction of increased safety whereas a more realistic calcu-
7

8 lation or experiment will tell you just the opposite. This

9 has greatly impeded, in the period since 1975, all efforts

10 to put into our emergency core cooling calculations the re-

11 sults of the theoretical and experimental research that the

12 taxpayer has spent so many hundreds of millions on in the last

() 13 few years.

I think this is a major shortcoming of the present14

15 approach which had to be adopted at the time it was adopted

16 because that's all we knew, and the state of mind which per-

17
sis ts af ter the state of technu.t gy has changed has in fact

inhibited both safety improvements and improvements in realism <
18

19 and economy.

So I feel rather differently about this one than I20

21 did four years ago.

() 22 MR. PARLER: Off the record.

(Discussion off the record.)23

| 24 MR. PARLER: Back on the record.
: Ace-Feet Reporters, Inc.

25 BY MR. PARLER:
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MPB/eb63 1 Q On page four under " Fuel Performance" in the con-

2 cluding sentence you state:

3 "Related technology of establishing fuel

4 damage limits under accident conditions is even less

5 established...."

6 than what you referred to earlier in that paragraph --

7 ".... principally because PBF...."

B which I guess is the Power Burst Facility --
,

9 "....is so many years late."

10 Has any progress been made in that area since 1975?

11 A Yes, but I can't say it's in very good shape. The

12 Power Burst Facility is now operating. We have a gc,d bit of

() 13 experimental information.

14 On the other hand, it is still true that we continue

15 to find fuel damage phenomena in normal operat? ~ ' and in

134 16 transients. The pellet-clad interaction phenomenon is still

17 not well understood. We've just finished a series of dis-

18 cussions about what would be the correct fuei damage limit to
}

19 use in analyzing anticipated transients without scram. And

20 neither the industry nor our own Staff was able to propose

-21 anything that realistically modelled the damage phenomena or

() 22 a realistically derived damage threshold. So that this area

23 is still not in a satisfactory state.

24 Q All right.
: Aces.ows nanm, inc.

25 A Let me say that it's possible to impose conservative

_ _ . .
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@B/cb64 1 damage limits, but these result in a very large, unnecessary

2 cost to the public in some cases.

3 0 Moving to the second part of your memorandum to

O
4 Commissioner Gilinsky under the title " Reactor Safety Policy

5 Issues," the first one there is internal quality assurance.

6, I believe you have already spoken, perhaps in another
I

I

7' context this morning for the record that the policies are

a expressed in Appendix B to Part 50, the need for quality

9 assurance on licensees and others, but that policy or the equi-

10 valent thereof is not applied to the NRC organization.

. 11 That is the point that you are making here under

12 number one -- right? -- that we don't have any internal quality

() 13 assurance requirements that would be applied to the regulatory

1.4 process, to the quality of our organization? Isn't that your

15 point, Dr. Hanauer?

16 A I think that's what I said earlier in discussing the

17 role of the ACRS.

18 Q Right , o

19 Now a number of others in the intervniews that we've'
'

20 had have made essentially the same point, technical reviewers,

21 for example. And the question I have is:

() 22 Do you know whether anyone has made any effort to

23 get something done in this area, in other words, to call what

24 appears to be a. concern to the attention of the Commissioners
Am-Federes Coporters, Inc.

25 and make recommendations to them?
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MPB/eb65 1 A Well, this paragraph is typical of the needles I have

2 applied in various quarters over the years, but in fact nothing

3
f~s has happened.

U
4 O Okay.

5 Now the next item raises, as I understand it, the
!

6 I matter of the generic decisions. The title is " Making Better,

7 Faster, and More Generic Decisions . "

8 Is my understanding correct that what you're talking

9 about primarily is the so-called generic lists of unresolved

10 safety issues, or is something broader than that involved here?

I '8 A Well, no such list existed back in 1975.

12 Q Fine.

13 A I must say, however, that my optimism in 1975 about

14 ATWS was not justified and that neither of my examples has

15 yet been resolved four years later.

16 What I was talking about was the inordinate time and

17 effort to decide anything outside the licensing case. It was

18 fashionable then and it is fashionable today to attempt to

19 resolve issues generically which, in its dictionary sense,

|

20 means applying the same resolution to a number of different,

21 in this' case, licensing cases but which around here means
> r

22 sweeping it under the rug and not including a resolution of

23 this issue on a particular case on which it has occurred.

24 The fiction is preserved - That's too strong. The
| Ace-Federd Reporters. Inc.

25 policy is preserved that some resolution must be obtained on
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MPB/ob66 1 each case of all significant safety issues, but all too of ten,

2 the so-called resolution is only that when we finally get

3 around to deciding the issue this decision will be imposed on
O_s

4 the particular case under consideration.

5 Sometimes we do in fact decide the issue and impose

6, a decision upon the case in which it was raised. In many

7 others-- In this case , the system has worked correctly and

a the issue was decided generically, which is a great economy

9 because you don't want to try and resolve the same issue in

10 ten different cases by ten different reviewers and maybe in

11 ten different forums.

12 In far too many cases, however, even when the issue

( 13 was resolved it simply joined the backlog of application to

14 all but new cases and remains unresolved in the sense that

15 whatever has been decided has not in fact been applied to

16 modify the actual plant systems.

17 In many other cases these issues have hung around
o

18 for years and years and decisior.s have not been made. The
.

19 recent actions by NRC management to the Technical Activities

20 Steering Committee have made some progress.

21 I was recently appointed Director of Unresolved
/~T
(_/ 22 Safety Issues by the NRC and so my job is to take the most

23 urgent and important of these issues and make progress on them.

24 An important element of progress that I can take no
Ace Feder;.$ Coporters, Inc.

25 credit for was the study of all 130 generic issues then

,
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MPB/cb67 1 outstanding, first on the basis of their reactor safety and

2 public risk potential, and then a broader study of a number of

3 factors including the most important one, being the effect on
g
N 4 safety and risk which resulted in a priority ranking of these

5' 130 issues.

6 The top 20, including the 19 unresolved safety
I

7 issues so designated by the Commission, and issue B6, load

8 combinations which I discussed earlier, were given top priority

9 and I have been given resources with which it is scheduled and

10 foreseen that these will be resolved in a reasonably timely

way; that is to say almost all of them within the next year or11

12 a.little more.

(~')' 13 The second batch of about 25 were targeted for con-
x-

'

14 tract work but in general, manpower within the Staf f was not

15 available to do more than follow the contract work, and so

16 the resolution of these issues will in general be postponed

17 for a number of years, although some few of them are actually

18 coming to fruition because of the urgency of the decision in a

19 some particular licensing arena.

20 The remaining 80 or so issues have third priority

21 and I have to say that many of these will in fact never re-

( }) 22 ceive the kind of attention that the top two groups will re-

23 ceive. I think this is all right, and in fact as part of the

24 Commission's consideration of this question, about a year ago
La Fe mt R morm s, W. ,

25 each one of these issues that is not going to be worked on I

i
,

I i
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MPB/ob68 1 was considered and a rationale and technical basis were es-

2 tablished why this was okay.

3 My own opinion is that any issue you can leave around
O

4 for several years without working on, you might as well forget

5 about. If it's all right to let it go five or ten years then

6 it's all right to let it go forever. This is an opinion not

7 universally shared, and it may be that some of these will be

8 promoted, either by improved understanding or by events.

9 I would expect that and it has been anticipated by

10 Mr. Denton and Dr. Mattson that the lessons learned from the

11 Three Mile Island accident will result in a number of addi-

12 tional unresolved safety issues being promoted to high pri-

() 13 ority and experience in operation research results in improved

14 understanding from regulatory considerations will provide

15 a trickle of new issues that need prompt and some rather in-

16 tensive treatment.

17 MR. PARLER: Mr. Lanning, did you have some ques-

*

18 tions?
.

19 BY MR. LANNING:
.

20 Q Prior to your current position as Director of Un-

21 resolved Safety Issues, were you previously involved in the

() 22 Staff response or review of the technical issues identified

. 23 in NUREG-0138 and 153?

24 A Only peripherally in that I provided advice to the
ww.re c con.n. inc.
'

25 Executive Director for Operations when the Commission papers
|

|
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(PB/cb69 1 came through his of fice.

2 Q Did the Of fice of EDO review or comment on the NUREG

3 reports?,,

Lj;
-

r

4 A Not formally, although there was some discussion.

5 O Did you attend ACRS meetings concerning the dis-

6 cussions of these technical issues?
'

7 A Some-- That's not a useful record. Some of them.

8 Q Do you recall whether or r.ot any of these ACRS meet-

9 ings that you attended included a discussion of issue four

10 identified in NUREG-0138 as the loss of of fsite power subse-

11 quent to manual safety injection reset following a LOCA?

12 A No, I can't recall whether I was at that discussion.

im
(j 13 I'm familiar with the issue and have been in discussions of it.

14 Q These are discussions prior to the Three Mile Island

15 accident?

16 A Yes.

17 Q There are at least two examples of attempts to in-

*

18 clude in this technical issue the analyses of the loss-of-

19 coolant accident assuming interruption of ECCS at any time

20 during the accident.

21 MR. LANNING: We should identify these two exhibits.

x_/ 22 MR. PARLER: That would be 1130.

23 Do you have copies for Dr. Hanauer?

24 MR. LANNING: Yes.
Ace Federst Reporters, Inc.

25 The first one we will identify is Exhibit 1139, a

.
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(PB/cb70 1 memorandum from Mr. Marinos to Ben C. Rusche. The subject is

2 " Resolution of Technical Issues," dated November 19, 1976.

3 (Document handed to tha witness.)

4 The second exhibit we will identify is 1140, which

5 is an excerpt from the hearings before the Committee on

6 Government Operations, United States Senate, 94 th Congress ,

7 Second Session, dated December 13, 1976. And it's starting on

8 page 260 through page 262.

9 (Whereupon, the documents

10 referred to were marked

11 as Exhibits 1139 and 1140

12 for identification.)

() 13 MR. PARLER: Let Dr. Hanauer read those, please,

14 before you ask him questions.

15 (The witness reading.)

4.341 16 BY MR. LANNING:

17 Q In these discussions you had on this particular

(

18 technical issue, had they included the consideration of inter-

19 ruption of ECCS at any time during the assumed LOCA?

20 A That's the issue.

21 Q The issue as stated in NUREG-0138j that is pretty

(~)/ 22 narrowly defined and limited to Westinghouse plants. Thex-

23 Exhibit 1139 commented on the description of the technical

24 issue and suggested that it be expanded to include the analy-
Am Feder) Reporters, Inc.

25 ses of the LOCA considering interruption of ECCS at any time.

!

..
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mpbl And the Staff response in NUREG-0138 really doesn't address iI
!

flws
cb70 the issue from the broader sense of analyzing LOCAs considering2

3 prolonged interruption of ECCS.
O

My question is: Has the Staff considered thed

5 results assuming the interruption of ECCS during, for example,

6 the design basis LOCA?

7 A Not explicitly. The Staff assumes, and I've

8 always assumed, that a sufficiently severe interruption of off-
9 site power or a large number of other functions during the

10 course of a large loss of coolant accident would melt the core.
11

Q Therefore, since the consequences are so severe,

12 any variations of interruption of ECCS to more define the

13 allowable limits for interruption of ECCS was never considered?

A Well, the issue, as you suggest, is poorly statedId

15 both by Mr. Marinos and by the Staff document. I'd like to

I0 suggest that a correct statement of the issue would go some-

I7 thing like this:

18 In considering the requirements for protection

I9 against loss of coolant accidents, which sequences involving

20 degraded performance or availability of protection functions

21 should be included. If you consider the sequence of events
p

22 which begins with a large pipe rupture, there are An fact an

23 extraordinarily large number of possibilities. ,The Reactor

24 Safety Study, after eliminating the ones which were not
Am Federal Reporters, Inc.

25 physically possible and those which were believed to be a very

1
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'

'
mpb2 low probability, ended up with 43 event sequences all starting

2
with the large loss of coolant accident. And it is possible to

3| conceive of a large additional number, although they wereg
(U 4 analyzed in the Reactor Safety Study not to constitute signifi-

5
cant risks.

6 only one of these sequences is the one required
7 to be considered in the regulations, 10 CFR 50.46 and 10 CFR

8 50 Appendix K, This required sequence includes a number of

9 failures of safety related systems. Among them are the

10 hypothesis that all offsite power is lost, and the hypothesis
11 of the occurrence of the most severe single failure in the

12 equipment which remains.

() 13 In most plants and for most analyses this most
14 severe sample failure is an additional failure of a diesel
15 generator set providing the energy for the emergency core
16

cooling system. Now it is easy enough to postulate the

17 occurrence of additional failures during the course of a loss
' of coolant accident, and Mr. Marinos and others have made'

19 proposals along these lines. The basic reason that the Staff
20 has not accepted these proposals is the belief,which was not
21 well quantified when originally expressed,that these sequences

/"T
^ involving additional failures were sufficiently improbable

23 compared to the ones that were considered that the risk
24

nCrement was not Very large.
Am Feded Reporters, inc.

! 25 The discussion in the NUREG reports you refer to
l

l

, h *

L -
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mpb3 was an attempt, not especially successful, to show that this i

h2 was true for the particular sequences proposed by Mr. Marinos. -

{} It is possible to pursue this line of thought essentially in-
4 definitely, and a principal contribution of the Reactor Safety
5 Study is the organization of thought along these lines made
6 possible by the techniques of event trees and fault trees, so
7 that the 43 event sequences I referred to earlier are the 43
8 branches which survive on an event tree which originally

9 contains several hundred potential branches.

10
Q How has human error been included in the single

11

|
failure criteria as applied to implementation of Appendix K?

12
A As far as the single failure criterion is concerned,

( 13 human error is not included. Human error is accounted for to
14 some extent by the requirements that the initiation of the
15 emergency core cooling system and its necessary auxiliary
16 functions be automatic and not rely in any way on human action;

17 and by the requirement that the transition from the injection

phase to the recirculation phase required in large accidents
19

be automated.
20 However there is, as I said before, no explicit

21 account in the analysis of other possible humsn errors, of
22 omission or comission, or of human actions which might mitigate
23

the accident. Both are omitted frcm the analysis.

24
I Ace Federd Reporters, Inc. O concerning the loss of offsite power during the

!
assumed accident, Exh bit 1140 included an ACRS recommendation

! I

L.__-
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'
mpb4 that the loss of offsite power a.t any time subsequent to the

2 occurrence of a LOCA should be studied further by the Staff.

3r- Are you aware of any activitics that followed up

(]/ I
'# this ACRS recommendation?
l
'0

! A I would, please, like you to point out the part of
1

i

0 this exhibit you're talking about.

7 0 On page 262, the last paragraph.

8 MR. PARLER: Give Dr. Hanauer time to read it,

9 and then maybe he'll want you to restate the question.

10 (The witness reading.)

THE WITNESS: 'I j ust don' t knou whether an add--

itional study along these lines has been made. There are'

13 several generic issues dealing in one way or another with

I# the loss of offsite power, the reliability of the offsite

15 Ipower system.

16 One of them is Unresolved Safety Issue A44, which

I7 deals with station blackout, a more severe system in which

18 both offsite and onsite power are lost. Another is Generic

Issue A25, dealing with the reliability of offsite power.

20 And I frankly don't know whether that or some other study

21 is directly responsive to this or not.
,

22
| I could have a look and provide additional

23 information for the record if this is desired.
24 M. PMW My h 't you do Wat. M de at

4 .p.a.,:;i n.por,.,,, ine.

the time you send back your transcript corrections, that will
,
,

|
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mpb5 be a convenient time, perhaps, for you to say what you found
2

as a result of your look-see. If you found something, include

it; if you didn't find anything, say that you didn't find()
4 I

anything.

bus Is that all that you have?

6 Have you got anything on generic items rigl? s: now?

7 MR. COX: No.

8 MR. PARLER: Off the record.

9 (Discussion off the record.)
10 (Whereupon, at 12:00 noon, the deposition in

! 11 the above-entitled matter was recessed, to reconvene
!

12
at 12:45 p.m., this same day.)

,

14

15

16

17

c

i 18

19

20 '

21

22

i

23'

24
Ace Federal Reporters, Inc.
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1

mpbl AFTERNOON SESSION

2 .

#5/bu5 (12:45 p.m.) |
t

|

3| MR. PARLER: On the record.
'

j

\ l
4

Whereupon,

5
STEPHEN H. HANAUER

6
! resumed the stand as a witness, and, having been previously

7 duly sworn, was examined and testified further as follows:
8

MR. PARLER: You had a question, Mr. Cox, that

9
you would like to ask Dr. Hanauer?

10
MR. COX: Yes.

i

11'

EXAMINATION (Continued)
12

BY MR. COX:

() 13
Q Dr. Hanauer, it's my understanding that the

14 design of most nuclear power plants now operating or under
15

construction are such that the control room operator can

16 significantly decrease ECCS flow, maybe even terminate it --
17

A That's my understanding also.
(

18
0 I haven't finished yet.

19
A Sorry.

20
Q -- at any time after this ECCS flow is automatically

21
initiated. That is your understandinc?

22
A Yes.

23
Q Do you feel that this is a necessary feature of

24
reactor plant design?w.pm. n.,on.n, inc.

25
A Yes. I don't think it's possible to foresee

I

L
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1

mpb2 enough of the combinations of events to have thought out in
2j advance and automated all possible actions in the control room ,

i
3

{} during the course of an accident, j

4 Instead what we've done is to automate the initial
5 response and to rely in substantial measure on the operator.
6 In a large number of events that have occurred this was justi-
7

fied.

8 In the Three Mile Island accident the operator,

9 abetted, as I said, by the people who designed this equipment
10 and wrote his procedures, made a substantial number of sig-
11

nificant mistakes which exascerbated the accident.
12 I don't think it's possible to decide in advance

13 'that this, that or the other action should be made impossible
14 for the operator to execute because in most cases not very
15 much thought will suggest to you alternative courses of events
16

in which the action would be adviseable or even required.

17 These systems are sufficiently complex, and the variety of

sequences which can be foreseen but sometimes are not foreseen O

19
is so broad that after an initial automated response one has

20 to rely on the general programming of the computer which is
21 the human brain, because of our present inability to program

Cs
\
J 22 an electrical computer to do the same thinking function.

23 What I'm saying is that as an event actually
24 unfolds there is no substitute for human thought in deciding

%.pm a.,om,,, inc,

25
the correct course of action. With this, one has to accept

t

,
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I

mpb3 a probability, hopefully fairly small, that incorrect courses
2 andthattheaccidentwillinfactbefof action will be chosen,

3 initiated or worsened by the actions which were allowed by
(")N\~

4 the reliance on the human operator that I've described. And
i

5 this occurred in Three Mile Island and in other events also.
.

! -

6l I don't know of any way to make an important |
'

|
7

improvement. One would, if not careful to discover that one
~

8 was always, like the French Army, deciding for the next
9 previous battle or the next previous event. The next event,

10 for example, might occur in such a way that it's important
11 to shut off the high pressure injection pumps, for instance,
12 to prevent overpressurizing the primary system and causing a

() 13 loss of coolant accident, which of course is what the operators

14 erroneously thought they were doing.
15

But sometimes it isn't an error. And I don't

think we are at a state of knowledge where all these sequences

17
can be predicted. And I think it is, therefore, a risk we

have to run to provide the means to turn off the emergency
19

core cooling system.

20 The defense against it is primari.y well-educated,

21 well-trained, intelligent operators who have the knowledge
22 and experience to do the right thing, and the temperament to
23 apply their knowledge and experience at times of stress.
24 They should be aided by a good set of procedures and a good

Am-FWed Room,s, Inc.

25 set of equipment which maximizes their knowledge of conditions

. i
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'
mpb4 in the plant and their understanding of it.

2
O That's all I have.

BY MR. PARLER:
(

I4
Q The current status of the generic unresolved

5 issues, is that set forth in the report this year to the
i

6 Congress, or is there a more current list that you're using
7 as a working document?

8 A There is a more current list. It just came out.

9 I will identify it as NUREG-0606, Volume 1, number 1. It's

10
dated September 4, 1979, known as the AQUA Book, A-O-U-A,

11 in which is set forth for each unresolved safety issue a net-

12 work of milestones and schedules together with a summary of

( 13 the problem description and the current status.

14
Q Is that your only copy? -

15
A It's the only one I have. It's freely available

from MPA on the payment of a modest sum.'

>

17
Q All right.

o
18 THE WITNESS: Off the record.

.

19 (Discussio.. of f the record. )
20 THE WITNESS: On the record.,

21 BY MR. PARLER:;

22
Q You mentioned earlier before our recess the delays,

23 the long time span over which it takes to get attention and
24 action going on. generic issues. Certainly that appears to be

A..pe .i n.om,,, w.

25
the case prior to March 28, '79, and prior to your assumption

'
a



-_ ___ - .

82

'
mpb5 of your current position.

2 Generally speaking, to what do you attribute that? I

'

Is it resources, for example, or what?
}

,

A My own opinion is that the primary cause is the'

5 resolution of generic issues was not given a high enough ;

6|' priority to get it done.

7
Q Who had the responsibility for the resolution of

8 generic issues prior to the assumption of your present position?
9

A It was widely dispersed. The principal was effect-

10
ive about two years ago. Each generic issue was assigned to a

11
cognizant supervisor, usually an assistant director. Before

12
that the responsibility was even more diffuse.

( 13
Q Some have suggested that a part,of the situation

14 leading in the past to the lack of proper attention to generic
15 issues may be the vague language in which the need for some
16 of these issues has been advanced by others such as the

17
Advisory Committee on Reactor Safeguards.

Does that contribute to the problem?

19
A I don't think so. I think that the iss7es have

20 a wide spectrum of need and urgency and therefore priority.
21 For each Class A or Class B issue there is a problem descrip-

22 tion which seems to me sufficiently specific that the problem

23
you suggest is not a major factor.

24
Q There are some who have suggestad that if an issue

Ac.. pes n. port.,,, inc.

25 which might be'a. generic issue is raised by a presiding

f
!
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mpb6 licensing board in a licensing proceeding, that such an issue j

i
2 receives prompt regulatory staff attention, as contrasted to, |

r

3 say, for example, a generic issue that might be raised by the

ACRS, which receives less than prompt attention, for example.
5 Do you have any comment on that?

-I
'

-6
A I would broaden the comment, which is generally

7 true, that any issue which requires resolution in the context
8 of an individual case finds some kind of resolution on a
9 schedule more or less consistent with the schedule of the case,

10 that to delay a licensing proceeding for ten years to resolve
11 some particular issue -- and the resolution of some issues has
12 occupied ten years -- would be intolerable, and that thereforei

1

O)Q_ 13 those issues which must be resolved in order to move a licens-
14

ing decision forward get the top priority.

15
I think this is just the way people work.

16
Q In other words, it's a practical reality of the

17 licensing process which one should not conclude, because of

that practical reality, that the staff is engaging in either
.

19 unintended or some other procrastination regarding ACRS
20

generic concerns.

21 See, the appearance to some is since the response;

( 22 in the licensing arena is prompt and not so prompt in the other
23 arena that there is scme sort of a, oh, not significant

24 attention being given to the concerns of the Advisory Committee
Aa FWed Reorwrs, lM.

25
on Reactor Safeguards.

b
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I A Well, I think that's a misplaced inference, that
mpb7

the ACRS itself decides this issue by either requiring that the!2

i

3 issue be resolved in the context of the case before they issue 4

O 4 their statutory report or by themselves deciding that the

5 . issue can be deferred for generic consideration.

6 Once the decision is made that it's all right to

7 defer an issue, it's natural that procrastination sets in.

8 This happens for deferred issues from whatever source.

9 Q What role does the regulatory requirements review

10 committee play in the generic issues area? What I don't

II understand is how that committee interfaces with the technical
I2 activity steering committee.

m
13 A The technical activities steering committee is

14
, primerily a management function. They approve test descriptions,

15 task action plans. They establish priorities, or, to be more

16 precise, they advise the director of the Office of Nuclear
I7 Reactor Regulation and the Commission regarding priorities.

C
18 They review progress. They review and approve or

19 not proposed changes in scope or schedule. >

20 The regulatory requirements review committee deals

21 with the products. That is to say, the regulatory requirements

Od 22 that come from the consideration of the generic issues. The

23 resolution of a generic issue is typically embodied in a

24 NUREG report, often incorporating or referring to one or a
, Ace Federd Reporters, Inc.

25 large number of technical reports from the industry, from NRC

-

t .,
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mpb8 research, from technical assistance and other technical

and embodies the Staff recommendation signed out by Iresources,

3 the division director of the resolution of the issue.
Now since the issue is almost always in the form

5 of what shall be the requirements related to some technical
6

! the resolution is a proposed set of requiremer.ts. Inarea,

7 some cases the general aspect of these requirements will already
8 have been established either by regulation, by guide, or by

9 some other action which, if it came in at the righth time frame,

10 was already reviewed by the regulatory requirements review
11

committee. In other cases new ground is broken and new

12 requirements are proposed, and in that case the requirements

are in general reviewed by the regulatory requirements review
14

committee.

15
The question of the details of this process, when

16 and how public comment should be obtained and so on, we're
17

still learning by experience.

O After something, for example, say, a regulatory
_

19 guide is presented to the regulatory requirements review
20 committee and that committee makes a decision, that guide

21 should be placed in Category Three, which for purposes of

('') 22 that committee, that is the regulatory requirements review

23 committee, means to me that the- ares 'thatr.is" involved ~ should
24 De"bhckfitted,fwho is responsible for implementing that

! Ace-Federd Reporters, Inc.

decision in the 6rganizati6n;rdd:yodrkhow?r'-i-r -

;

._ - - - - . - -
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I

mpb9 A The regulatory requirements review committee was
2 established by the Executive Director for Operations, and in
3I

I the final analysis reports to him. The committee decisions
i

4 dre transmitted to the officer responsible for the action; in

5 the case of Standards and Guides to Mr. Minoke; in the case of
6 Standard Review Plans and Branch Technical Positions, to Mr.

7
Denton.

8 If these officials agree with the decisions of the

9 committee, they say so and order the implementation by what-
10

ever the correct organization is. If they don't agree or if

11 there's disagreement among the officers, Mr. Gossick provides
i

12
the resolution. And in principle, although it's never happenedl,

() 13 this could be appealed to the Commission.

14
0 Were you involved, in your prior duties, with the

15 implementatien of Regulatory Guide 1.97, I believe, instrumenta-
16 tion to monitor the course of an accident?
17

A Not directly. I knew about it as advisor to the

Executive Director for Operations.

19
Q Now apparently that is an area where the generic

,

.

| 20 work had been done, the regulatory requirements review committee

21 had made its decision about what category that guide should be
O)(_' 22

placed in.
.

' 23

|
I gather that the subject matter is off of the

e
l 24 unresolved' safety item list, and then there is a question of

Ace-Federsi Reporters, Inc.

I 25
having it implemented, is that right?'

i

!
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mpb10 A That's my understanding.

2
Q But other than what you've already said, you don't

3
,

4

have any insights into the major problems that have been{} i

4 encountered in implementing that guide, or do you?

5
A I don't have any direct knowledge, and I don't

6
want to speculate.

;

7
Q All right.

8
A I know that there is an effort now underway as

9 part of lessons learned to finally do something about that
10

subject.

11
Q All right.

12
MR. PARLER: I would like to mark for identifica-

() 13
tion and for purposes of the record two exhibits. The first

14
one will be Exhibit 1141 which is a letter from Mitchell

15 Rogovin, R-o-g-o-v-i-n, director, NRC TMI Special Inquiry
16 Group, to Dr. Max Carbon, Chairman, Advisory Committee on
17

Reactor Safeguards. The letter is dated June 29, 1979.

In that letter Mr. Rogovin asked the ACRS a

19
number of questions.

20 (Whereupon, the document

21 referred to was marked as
Os/ 22 Exhibit number 1141 for

23 identification.)

24<

MR. PARLER: Off the record.
Ace Feder9 Reporters, Inc.

25 (Discussion off the record.) '

1

I

_
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mpbil MR. PARLER: On the record.

2 And the reply from Chairman Carbon to Mr. Rogovin,
3

dated July 25, 1979, I will mark as Exhibit 1142.

(Whereupon, the document I4

5 referred to was marked as

6 Exhibit number 1142 for

7 identification.)

BY MR. PARLER:

9
Q Of course, Dr. Hanauer, you haven't seen these

10 letters before, and I should mention to you I'm not going to

11
ask you any questions about them. I want them placed in the

12 record because in Exhibit 1142 Dr. Carbon -- or Chairman Carbon,

() 13
in his reply, states in part that the Committee, that is the

14
Advisory Committee on Reactor Safeguards, feels that the

15 response of the NRC and of the AEC before it in connection
16

with -- quote - " instrumentation to follow the course of an

17 accident" -- close quote -- has not been adequate.

8 Although this item:has been addressed by the

19
issuance of a regulatory guide, that guide has not to the

20 Committee's knowledge yet been implemented on any operating

21 nuclear power plant.

) 22 And, continuing, Chairman Carbon says:

73 "Although the NRC has given increased*

*

24
attention and resources to the so called

, , , , , , , , , , , , ,

" unresolved generic. items" within the past
;

1

1

<
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!
i

Impbl2 two years, we would welcome additional emphasis
t

2 i
on resolution of these items." ;

! The response of Chairman Carbon also has an
O i

4I
i attachment to it which, among other things, bears generally i

5
j

on some of the broad items that I asked Dr. Hanauer questions !
;

. 1

6i about at the outset of this deposition, regarding concerns in :
.

!

,

r

7i
! certain areas that have been expressed by the Advisory i

8 Committee on Reactor Safeguards in past years.

Off the record.

10 (Discussion off the record.)
11 '

MR. PARLER: On the record.

12 BY MR. PARLER:

Q We're still under the broad category of your'

14 letter of March 13, 1975, to Commissioner Gilinsky, and I

15 wonder what your comments would be on the following -- and I
16

ask this question in the context of your item number three

17 under Reactor Safety Policy Issues, Stabilization of

Regulatory Requirements and Standardization of Design.
.

10 In view of the variety of customized designs that'

<

20 apparently exist in the industry, it would seem to tnis layman
21

at least that it would be very difficult to achieve what I

O
(,/ 22 think of as an integrated or irrational national safety

23 regulatory policy. Are the two related or not?

24
Y *

'
-Ace Federal Reporters, Inc.

25 There were too many buzz words in it. Rational national safety

I

_ ,
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mpbl3 policy ie, sue, what do you mean.'
2

Q Well, if you had, for example, 24 auxiliary
3 feedwater systems -- which I understand you have -- maybe

' 4 just for pressurized water reactors -- how can the people in
5 the Nuclear Regulatory Commission who write the standards and
6 the criteria write standards and criteria that would deal with 1:

|
.

.

those things, how can the people that sit in this building
8 and elsewhere go about reviewing the vast variety of things?

I

Those are the underlying thoughts that replace the '
|

!

10 | buzz words.

11 | Now with that replacement, do you have any comment?
|

12 '
A Yes, I do.

O's 13
Q Please do so.

14
A The way in which a regulator copes with a variety

15
of designs --

16
Q Right.

17
A -- is to distill the essence which is the safety

performance or the safety significance from them. And so for
.

19 feedwater systems, for example, certain principles have been
20 ennunciated and the requirement is that the state water

21 systeras comply with those principles, and then if necessary,

(1) 22 design by design and plant by plant to review their compliance
23

with these principles.

24
This is laborious. It would be a lot simpler

: Aes Federal Reporters, Inc.

25 for us if there were one auxiliary feedwater design for all
i

i

__ ... , -



91
I
,
,

|

|1

mpbl4 plants. It would still be necessary for us to decide what was
,

!
-

2 req'lired of an auxiliary feedwater system in order to make a j

!
3 'proper decision on whether this single design was adequate or

O- 4s

not, although in a large number of cases -- particularly dur- ,

5 ing the earlier days of this regulatory program -- we performed
}
:6: a review of these systems without having explicit requirements,''

o

7
! and this was based on a kind of an instinct that this design
I i

! was satisfactory without an articulated basis.

9 A whole lot of correct decisions were made, but it

10 was pretty hard to see the basis for them without an articulated
11

! set of basic safety requirements.

12 What standardization would save us is the necessity

[\ 13\# to review each design and to determine whether or not it
14

complies with the safety requirements.

15
MR. PARLER: Did you want to ask questions about

16
the regulatory requirements? I think the context is probably

17
right.

c
18

BY MR. LANNING:

1?
Q Have you ever been a member of the Regulatory

20
Requirements Review Committee?

21
A I was a non-voting observer representing the

[) 22 Executive Director for Operations from the time the Committee'

23 was formed, in about 1973, until last December when I left
24 \

the Office of the Executive Director for Operations. |
Ace Federd Reporters, Inc,

25
0 What was your purpose in that capacity?

i
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i

'
mpbl5 A The Director of Regulation and the Executive

2 Director for Operations never articulated why they wanted me i
I
!

3
on there.

(Laughter.) |

5{ I define my own position in the following way:

6 !
i First, I maintained a cognizance of what was going
r

7' on in the Committee and reported to the Director of Regulation
al or to the Executive Director for Operations the problems that I

l

i9 might come to his attention or that I thought should come to i

10
his attention in the operation of the Committee, both |

11 ,
! procedural and technical. I also had not the slightest

12 i hesitation and was in fact encouraged to state my own technical

'3 views on the various subjects that came before the Committee.
14-

MR. PARLER: Mr. Cox, go ahead.

15
BY MR. COX:

16
Q I have a question on standardization again, Dr.

17
Hanauer.

Again, based on your long experience and history
.

19
as technical advisor at the highest management levels for the

20 NRC, the NRC has been pursuing a development and implementation

21 of standardization policies for several years now, and as you

() 22 brought out earlier, they have many policy statements in that,

23 area, and we even have regulations, I believe, Appendix 0
24

and several other appendices to 10 CFR 50.
3 .,,,9 n ,,,, w,

25 Do you feel -- or perhaps let me ask it this way:

i ,

- , , ,
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|

'
mpbl6 What are your feelings, opinions, comments, what-

i
2

|
ever you care to offer, about the viability of the program!

3
now in light of TMI-27 Are we at a standstill? Are we able

)
4

to move as planned befcre? Are there changes necessary?

Si
i A I don't think they have anything to do with each' ,

i
!

|
other. Standardization is a method for approving designs or |6t

7 portions of designs in advance so that the review of individual
8 cases can proceed in a more economical and expeditious way.
9 When new technical questions arise from Three

10 Mile Island or anything else, they have to factor into the

11 | If as a result of Three Mile Island a large numberprocess.

12 I of new questions or new requirements arise, as seems likely,i

then all reactors, standardized or not, will have to be re-'

14 reviewed, and all previous approvals, standardized or not,
15

will have to be reconsidered.

; 16
' The biggest impact of Three Mile Island on the

17 standardization process is that if there are no new applica-
d'

18 tions, standardization seems rather meaningless. :

i,

19
Q You mentioned expedition and economy. Do you feel

20 that standardization, per se, has any safety advantages to be i
|

21 gained?

() A I think there are potential safety advantages to )22

|

23 standardization. In principle it allows much larger' resources

Ace-Federd Reporte,s, f .
to be applied to the safety design and the safety review for

i 25 a much smaller number of designs. I have not yet seen any
!

I
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i,
1 !

mpbl7 evidence that this is in fact taking place.

2
Q Increased safety or a smaller number of desicis? ;

I
3

A Either one.

4
MR. PARLER: Are you finished?

5
! MR. COX: Yes.

6 fBY MR. PARLER:
'

7'
Q Your last item in this memorandum to Commissioner

8 Gilinsky talks about "too many surprises", and without going
9 over what you've already said there, it is my impression that

10 one of the areas in which it has been recognized that prior to

11
March 28, '79, there was room for improvement in the regulatory

12 area was the area of the systemmatic review and operation of

' operating information, operational feedback information.
14 Now it is also my understanding that the

15
Commission has recently approved the creation of a new group,

16 i

the Office of Operational Data Analysis and Evaluation, or words
|

17
to that effect.

Do you believe that such an office could minimize
.

19
the -- quote - "too many surprises" -- unquote -- that you

.

20 refer to in your memorandum to Commissioner Gilinsky, or is
21 that too broad a question for you?

e^
i (_) 22

A It's not too broad a question; and the answer is no.
;

L 23 I think the new approach is likely to improve the agency's
24

response to surprises. But I don't see how it would minimize
4..re min n.n.ex.

25
the number of them.

i
; i
l

- _
- . .-
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mpbl8 Q I realize -- and I believe I am correct -- that that
|

2
office, although it has been approved, it has not yet been j

(~T established. Is that your understanding? .

L
.4

A I'm not up on this sort of thing. I know Mr. t

5 Heltemes, H-e-1-t-e-m-e-s, has been appointed either acting
6 '

director or interim director of that office.
!

7
Q Fine.

8 The point that I was going to get to is this:

9 Is it your understanding that the office of -- that

10 we've been talking of -- Operational Data and Analysis Group,
11 that it would just make recommendations, or would it have other
12

authority?

() 13
A It's not clear --

14
Q Okay.

15
A -- from any of the pieces of paper I've seen how

16
much clout it's going to have.

17 My experience is not hopeful that the fractionation

of this function into six groups in six separate offices does

19
not give me any comfort.

20
Q Now incidentally, were you involved in your

21 official capacity or otherwise in the insights that went into
) 22

the creation of this office? Did anybody ask for your views?

2
A No, sir, although they were provided to the

24
Executive Director of Operation over a year ago. I would

: Ac..F d.,.i n. porters, ine.

25 like to put into the record a memorandum I wrote on that subject,

;

!i
.

.
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.

I
1

mpbl9 which I will have to get and retrieve from the files. !
i

2
Q Would you please do so.

:

3r
gs i Off the record.

~> -

,
(Discussion off the record.)

5 MR. PARLER: Back on the record. -

i

!

6i Dr. Hanauer has someone looking for the document'

i

7 that he just referred to.

8 BY MR. PARLER:

9! O Do you recall enough about the document so that f

you can describe it, Dr. Hanauer?

11
A It was a general survey of the necessity for and

12 | the present arrangements for feeding back new information into
|

O 13
the licensing process. This new information can arise not

14 only from operating informat'on but from research results and
15

from improved insights during the licensing process.

16 In particular with respect to operating informa-

17 tion, I concluded that it was everybody's business and there-
' fore nobody's business, and recommended some improvements.

.

19 No response was ever made.
.

20
0 When that document is available I will mark it for

21 identification and put it as an exhibit to this deposition.

/~Ti

\- A Off the record.

23 (Discussion of f the record. )
I
; 24

MR. PARLER: On the record.
Ace 4ederal Reporters, Inc.

! 25 The document will be marked for identification at
|

'

| \
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I
mpb20 this point in the record as Exhibit 1143.

2 (Whereupon, the document
,

!

- referred to was marked as |3i
r i

NS] |s Exhibit number 1143 for '

5 identification.)

6 MR. PARLER: When it is made available I will give
,

i !

7 whatever additional description is required.

8 Off the record.

9| (Discussion off the record.)
10 MR. PARLER: Back on the record.

11 BY MR. PARLER:i

!
12 1

I Q Dr. Hanauer, we've just been talking about one

I~D 13
\> limited aspect of a recent organizational change and how it

14 bears on what you were talking.about in your memorandum to

15 Commissioner Gilinsky, "too many surprises".

16 Now what other comments would you have on the

17 subject of why "too many surprises"? You obviously felt in j

18 9
1975 that there were, and presumably there are some reasons ;

,

I for that,and may be some areas in which actions can be taken
20 to, without eliminating it, eliminating them, maybe reducing

21 "too many surprises".
:

- Please comment.

23 A I don't think the number of surprises is under
|
| 24

l c..F.o.e n. cort.rs. ine.
ur control. I think the rate at which surprises come are a

A

25 . measure of the maturity of the technology and of the industry, l

!

!
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mpb21 and that in mature technologies the surprises come at a much
2

lower rate.

f3 we have had in the last year again too many

4
surprises. We've had the seismic shutdowns, we've had

I
ISl Three Mile Island, we've had more concern with environmental i

;
ii

6! qualification.

7 This tells me that the technological maturity,

8 so strongly put forward by industry representatives, has not
9

yet been attained. As I said, I don't think there's any- |
|

i
10

thing the NRC can do about this. But it's part of an inevit-

11 able learning process with a new technology, and that we simply
I

12 have to develop the fortitude to receive these surprises and
I\ 13'~# effective means of dealing with them when they come, and to

14
be villing to accept the implications not only of what these

15 surprises contain one by one, but the rate at which they
16

occur.

17
MR. PARLER: The document that we were referring

to earlier and marked for identification as Exhibit 1143 is a
19 memorandum from Dr. Stephen H. Hanauer, then technical advisor
20

to the Executive Director for Operations, to Mr. Lee V. Gossick,

21
Subject: Feedback of Information into the Reactor Regulation

(^)*j 22 Process, April 26, 1978 is the date, previously marked as'

23
Exhibit 1143.

24
BY MR. LANNING:: Ace-Federet Reporters, Inc.

25
Q I'd like to ask you a question on the topic we've

I

>
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|

'
mpb22 just been discussing about "too many surprises".

i
2 The exhibit references a discussion of that issue, j

!

3 Item 3 in the paper which is entitled Stabilization of
4 Regulation Requirements and Standardization of Designs. It's

5 not clear to me what the relationship is of how we would
1

6| respond to surprises and the stabilization of regulatory {

7' .

requirements.

8 A certain fraction of the surprises are evidenceA

9 that the requirements aren't right and have to be changed,
10 the other fraction being evidence that plants thought to be in
11 compliance with the requirements are in fact not in compliance.
12 Totheextentthattherequirementselicitchanged--I'msorry{

r
k_ I3 To the extent that the surprises elicit changes in requirements ,

,

14 the process is not stabilized and standardization has to be
15 changed in accordance with the new requirements. And that's the

16
connection.

MR. PARLER: Anything else?
,

<
18 MR. LANNING: No.

19
BY MR. PARLER:

20
Q Dr. Hanauer, before leaving Exhibit 1135 -- which

21 is what we've been talking about for. the last hour or so -- I

() 22 would like to show you an article which you co-authored I guess
23 in 1971, and the purpose of this is just a couple of paragraphs
24

that are on page 207,Ac..Feo.r.: n. port rs, inc.

25
MR. PARLER: We'll mark this article for

i
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mpb23 identification as Exhibit 1144. ;

2 (Whereupon, the document
!

3 referred to was marked as
f-
kl 4 Exhibit number 1144 for

5 identification.)

6 BY MR. PARLER:

7
O This is an article by Dr. Stephen H. Hanauer and

8 Dr. Peter A. Morris, Technical Issues on Large Nuclear Power

9
Plants.

10 I gather that this paper was presented at -- what?
11

-- the International Atomic Energy Agency, or do you recall,

12
Dr. Hanauer? I don't --

A This paper was presented at the International
,

14 Conference on Peaceful Uses of Atomic Energy in 1971.

Q All right.
l

16 IHaving so identified the document, would you turn
17 to page 207, and the two paragraphs in the middle of the page

#18 starting with "The principal defense against accidents",
19 that paragraph and the next paragraph.
20 1

After you've read them I want to ask you some 1

|
I

21
questions. |

t

22f ,

! \- (The witness reading document.)

I 23
|c6 0 Now I ask you to look at the language in the 1971

24 article in the Context of what you said in your memorandum in
A:e Federst Reporters, Inc.

25 1975 to Commissioner Gilinsky under Item One, Design

i

_
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1

mpb24 Objectives and Safety Design Basis for Water Reactors.
2

_

There in your memorandum to Commissioner Gilinsky
3

I believe, if my recollection is correct, you refer to the
f

4 more realistic viewpoint of a spectrum of accidents, each
5 with probabilities and consequences of its own. And I wonder

6 if you're thinking in your memorandum to Commissioner Gilinsky
7'

about design objectives.

8 Is that consistent with what you said in your

9 1971 article -- and the purpose of this is to make certain
10 that all of your insights in this area about design objectives
11 and design basis accidents are as clear as they can be for
12

purposes of this record.

A I think the comparison of these two references'

14
shows the progression of my thinking. Reference 1044 in 1971

15 describes the approach that I characterize in Exhibit 1135 as
16

the "all or nothing approach".

17
Q Right.

A By 1975 I had become somewhat less enchanted with
19 this approach and recommended that we look for alternatives. |

,

'

20
Q Okay.

I

21 MR. PARLER: Off the record.
:() 22: (Discussion off the record.) l

i
23 1

MR. PARLER: On the record.

24
BY MR. PARLER:Ace Federal Reporters, Inc.

25
Q This 1135, your memorandum to Commissioner Gilinsky,

-i



102
.~

'
mpb25 although it may be self-explanatory from your covering letter

2 of transmittal to the Commissioner, what was the occasion for j
.

this memorandum? Did the Commissioner ask you to provide it

O I
-

4
or what?

S
A He called me up and asked me for such an appraisal.

6
Q What was his response to your memorandum, do you

7 know?

8
A I never received any.

9
Q Have you been asked for a similar appraisal by

10 any other commissioners?
11

A No.

12
Q So this type of memorandum, a response to a request

'
! - from a commissioner asking for your candid appraisal of

14 regulatory policy issues, reactor safety issues, to the best
15 of your recollection is the only one of its kind in what has
16

been referred to on past occasions as the "Dr. Hanauer Nugget

17
File" is that correct?

A No, sir. This has no connection whatever to the
19

" Nugget File".

20
Q It does not?

21
A None whatever.

(' 22'' Q Would you clarify that for me, please, because I

23 thought that's how I located this document.
24

A You did not.
Ace Federal Reporters, Inc.

:

25

( Q Okay.

i i

L
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I
I I

i mpb26 A The " Nugget File" is a file I have kept for many

2 years of events which for one reason or another I wanted to i

3|
'
'

preserve for my future use. In recent years it consists mostly;

4
: of licensee event reports. In earlier times this was not as

5 well organized, and so the entries before about 1970 are from
6

: a variety of sources, almost all of them in the public domain.
7 I

Q Righ t

8
A A " nugget" being a piece of gold in a much larger

9
pile of base material not worth saving. There are several

10
thousand LERs a year, and I save perhaps 50,

11
Q Ahd I believe you covered what you're talking

12 about now to some considerable extent in your deposition

() before the President's Commission, is that right?

14
A That's correct.

15
Q Now wherever I located this document, the Exhibit

16
1035, whether in your files or anywhere else, as far as you're

17 aware that's the only document of its kind that you have

18 produced, is that right, that is to a commissioner on broad
19

reactor policy questions, reactor safety questions.

20
A That's correct.

21
Q Fine.

#Lk6.068) MR. PARLER: Off the record.

23 (Discussion off the recrrd.)
,

24
MR. PARLER: Back on the record.

4 .Few Reporms. Inc.

25
BY MR. PARLER:

,

1

- . -
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'
1

{1
mpb27 Q Dr. Hanauer, I've handed you a memorandum from

!
2 yourself as Assistant Director for Plant Systems, Division of ;

|
31 Safety Systems, to seven individuals who are the addressees.

( s The addressees are indicated on the first page of your memo-

5 randum. The subject is, one, environmental qualification, two,
i,

f
6: instrumentation to follow the course of an accident. The'

i
7 Imemorandum is dated April 6, 1979.

8 MR. PARLER: I'll mark it for identification as

9 Exhibit 1145.
10

(Whereupon, t'.e document

11 referred to was marked as
12 Exhibit number 1145 for

O 13 identification.)

14
BY MR. PARLER:

15
Q Now, Dr. Hanauer, my understanding as a layman of

.

|16
this memorandum, it is that after -- and indeed this was shortly

17 after April 6th -- the Three Mile Island accident experience,
<

18 '

you had some additional thoughts about regulatory matters.
19

These are set forth in your memorandur,

20 Now to the extent that ct...se thoughts are of

21 significance from the standpoint of either broad regulatory
) 22 policy matters or regulatory matters that are important to'/

23 safety, I would like for you to comment on this memorandum. .

24 I realize, again, that the memorandum speaks for
A e.o.rw n. con.n,inc.

25 1

itself, but -- with the insights that you had that you were j
;

<

1

.-
|
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mpb28 ', trying to call to people's attention and have them explore -- f
|

2 would you comment on that, please? !

h3 first I'd like to characterize the memorandum.A Well,

O 4
differently.

t

5 The addressees are the people on the second pace

61 in the list marked " Addressees".'

7
Q That's right.

8 The seven names on the first page received copies.A

9 The addressees are people who work for me or people directly
10

in my business.

11
Q That's a good question, by the way. Thank you.

12
A The people on the first page are my colleagues

O 13
and bosses.

14 The paper must be viewed as an early reaction. I

15
think it's correct today. But I wouldn't like to characterize

16 it as my technical reaction to Three Mile Island. It's only a

17
small part of it.

'

The two subjects are related. That is to ay, we
.

19 ' were in the throws of losing some of the instrumentation,'

20 primarily the pressurizer level indication that we were using
21 to maintain.the plant shut down in its interim condition. And

this elicited these thoughts about what ought to be qualified
4

23 for what kinds of accidents.
24 S nCe * Was talking about instrumentation, this

i Ace Federd Reporters, Inc.

25 naturally led to the subject you've already alluded to, namely

i

.-
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i

mpb29 instrumentation following the course of an accident, which,
2 as you point out and as the ACRS pointed out, has not yet been
3

applied on any reactor.

4 I think this is really a fairly small part of the

5 lessons to be learned from Three Mile Island. It's necessary.

6 There is now a special study going on under Mr. Wenzinger,
7

W-e-n-z-i-n-g-e-r, to revise not only Reg Guide 1.97, but the

8
other regulatory guidance in this area.

9 I think that in thinking over the implications of

10 the Three Mile Island accident we have to divide the reactions
11

into two parts. There are, first of all -- or into several

12
parts -- there are, first of all, the various kinds of

failures and mistakes which contributed to the accident, which~

14 contain a substantial amount of information not previously

15 available and which should be used to improve the design

16
process and the regulatory process. This is primarily a

17 technical problem exemplified by some of the hardware recommend-
.

18 ations of the lessons learned task force.
.

19
Then one can take a somewhat broader view and

20 use these technical items as examples of whole areas in which
21 the design and review process was inadequate, one obvious

() 22 example being the area of environmental qualification and
23 instrumentation to follow the course of an accident, in which
24

there were some notable shortcomings. And so we say not just
Ace Federd Reporters, Inc.

25 that the pressurizer level instruments need to be qualified,

i
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|

mpb30 but that the whole idea of what has to be qualified for what

2 kinds of accidents and what information the operator needs as ;

3i
{ he guides a plant through some kind of a severe accident has ;

Cs~) !4
! to be rethought.

5
! Then on still a higher level of abstraction, one
i

16' has to consider whether, as has been discussed in this deposi-
I

7t
I tion already, whether the whole idea of a series of design
i

8{ basis accidents against which protection has to be provided
9 as essentially the sole basis of the safety design of the plant

10
is in fact the satisfactory one. And I've already made a

11
number of comments on that.

12
Q Right.

ss A Finally, at the ultimate level of abstraction is

14 the question of whether the whole process of private independent
15 design, construction and operation of nuclear power plants
16

designed either one at a time or a.few at a time in a pro-

17 liferation of so called standard designs reviewed one at a
'

18
time or a few at a time by a government agency with a few

19 hundred or a few thousand paople, depending on how you reckon
20 them, supported by a research program of the present dimensions
21

is in fact an adequate enterprise, and whether the public

I) 22 wants it to be continuc9. let down or expanded, and whether'

23 this should be redirected in some substantial way or whether j
|24

the present approach is adequate.Ace Federal Reporters, Inc. ;

25 ;

on this last point I'd like to make one observation. .

l

I
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1

mpb31 If one thinks back a few years one can discern on the order

of once a year events with varying consequences to the public,
3 but which have the common characteristic of making the nuclear
4 industry and the Nuclear Regulatory Commission look like a
5

bunch of idiots. Examples are the Browns Ferry fire, the
'

6 environmental qualification petition by the Union of Concerned
7 Scientists and the events that led up to it, the inadequacies

8 in the seismic evaluation of plants which led to five plants

9 being shut down, and the Three Mile Island accident.
10 There are other examples that come to mind. And

11 so something like once a year one might legitimately question
12 whether the people responsible for nuclear reactor safety know

r
( 13

what they're doing.

14 Two possible answers at opposite ends of the
15 spectrum suggest themselves. The first one is that such a

16 rate of discovery that the nuclear enterprise is conducted by
17 a bunch of idiots is not tolerable and that a very large

improvement is required to protect public safety and to give
.

19 the public the necessary confidence that safety is being
20

maintained.

21 At the other end of the spectrum would be a
rx,

conclusion that these are complicated machines, that a large-

23 number of people are involved, that people are going to
24

continue to make mistakes, and that the acceptability of
%.pm %n n, ,ne,

25 nuclear power depends on whether or not about once a year it

!
'

1

a
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mpb32 is satisfactory for the people who are responsible for nuclear
,

I
2

safety to look like idiots. |
|3 I believe that a case could be made for either of i

4 these responses, or in fact both, but that the first one, if
5

i true, means that we shouldn't have nuclear power. I think it
i

61
: would take an enormous effort to reduce the incident rate of
I

7' such -- I'm searching for a word -- perceptions of failure by
8 a factor of two and that the public would hardly notice L.a t

9 the rate had been decreased by a factor of two.

10 To decrease the lead by a larger factor I think

11 is probably impossible, and therefore I tend toward the second
12 answer, that the conduct of this or any other comparable

() 13 enterprise will be accompanied,by failures and mistakes, that
14 machines are imperfect and people make mistakes, and that
15

this is inevitable.

16 We have designed our plants with a great deal of
17 that overworked cliche " defense in depth" so as to be resistent

<
18 to the consequences of a lot of mistakes and a lot of equipment
19

failures. Three Mile Island shows us that such failures and
20 mistakes can pile up to the extent that the plant is essentially
21

ruined. It can also be argued that Three Mile Island shows us

() 22 that even a ruined plant with a large release of fission
23 products from the core didn't hurt anybody much.
24

I think the country will have to decide whether
Ace Federd Reporters, Inc.

25
accidents like Three Mile Island are in fact intolerable, in

t
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' which case I suspect that the operation of nuclear power
g33

2 plants is intolerable. We can add six more lines of defense
I

andprotectagainsttheThreeMileIslandsequence,butIdon't|
$

4 'think we can protect against all possible sequences with a
5 degree of assurance a whole lot better than the one we now
6 have.

7 I really do think that we ought to do our business
.

8 better, and I think ways can and should be devised to do them.
9 But I don't think this will be the end of our making mistakes.

10
Q Dr. Hanauer, from a narrower regulatory perspective

11 than the broad TMI implications that you've just covered, I
,

12 wonder,in the area of safety related equipment,if you have any

() '3 thoughts on that. You pointed out in the document which has
4

la been marked as Exhibit 1145 you're relying heavily on things
15 not defined as safety relai.d. You say that Browns Ferry was

16
like that too.

17 And I suppose in connection with TMI that one
18 could ask whether the PORV manual control system should have

C

19 been classified as safety related? There seems to be from

20 other representations that we have received some uncertainty
21 in that area as to where the regulatory process should go.

I [ 22
| Do you have any comments on that?

23 I'm not much impressed with the importance of yourA

24 specific question, whether the PORV should be classed as safety
Aco Federd Reporters, Inc.

25
rclated or not. I think the question is important in an

i
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1
mpb34 entirely different context, namely that whether the PORV is

I >

I
2 safety related or not, its malfunction contributed substantially

I
3 ito a severe accident.

.} ,
Q Right.

5
A And it is also used to mitigate event sequences

6 .which in this particular class of reactors can become severe
7|

accidents.

8 This tells me that another previous dichotomy

9 between safety systems, which we spend a lot of effort on, and
10 non-safety systems, on which we spend essentially zero effort,
11 is not a correct approach, and that a more graduated approach
12 is needed where equipment in the gray area between safety

() 13 related and non-safety related, such as the power operated
14 relief valve, should get its proper attention.

15
Q I was going to ask you this question from the

16
perspective of a layman:

17 Although one might not be impressad with the PORV

relief valve example that was given as not being safety related!,
19 is my understanding correct that if a piece of equipment or a
20 system is deemed by the regulatory process to be safety related
21 that that means that at least theoretically that it receives

h 22 greater attention in the regulatory process and therefore one
23 could believe that it would have a -- be more likely to work
24

than to fail?Ace.Feder9 Reporters, Inc.

25
A Well, you have in fact understated it.
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mpb35 Q Okay.
|2

A Almost the entire attention of the regulatory i

3 process is directly exclusively at safety related equipment.
4 Only for such equipment, with minor exceptions, are there
S

any requirements at all. And such equipment is in general

6
i required to be of very high quality.

7
Q What are the minor exceptions, if you've finished,

8
if you recall them?

9
A Well, I'll have to think a minute.

10
MR. PARLER: Off the record.

11
(Discussion off the record.)

12
MR. PARLER: On the record.

) 13
THE WITNESS: Well, one exception -- which is not

14 a very good example, for reasons I'll tell you in a minute --
15

is the reactor control system. The reactor control system is

16 not safety related and has in fact been sorely neglected, but
17 at least not completely neglected, and to that extent is an
' exception to the general rule that I stated earlier.
19

In fact, I believe now that the previous neglect

20 of that system should be rectified, and that it should get its
21 proportionate share of attention based on its potential to

() 22 induce accidents if it malfunctions, and to contribute to the

23
accident's response if it functions correctly.

24
O Why isn't the integrated control system, or the

c *ersi Reporters, Inc.Acy er

control system -- you said it was not completely neglected!

|
'

i
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,

mpb36 even though it's not safety related equipment.

2 Now for the record, could you indicate why, even

3 though that system is not safety related equipment, it is
{

4
nevertheless not completely neglected?

5
A I think it's only tradition, the idea that the

6 control of the nuclear reactor was important and difficult,

7 which is not true, and some vestage of that concern still can
8 be seen in the non-zero attention the system got.

9
0 What I'm trying to.get to is this, Dr. Hanauer:

10 It's my understanding that even though the control
11

-

system is not considered by the regulatory organization as being
12 safety related for the reason that you just stated again, that

() 13 nevertheless in some respects it is treated as if it were

14
safety related.

15
Now what I'm trying to get at is in what respects

16
is the control system treated as if it were safety related?

17 Maybe I misunderstood your earlier testimony.
18

A I hope I didn't say that because I didn't intend
.

19
to say it. The control system is not treated as safety

20 related but it.gets a degree of regulatory attention in making
21 sure that its failure would not create or aggrevate an accident

) 22
outside the reactor safety design basis.

23
MR. PARLER: Mr. Scinto, did.you want to ask

24
something?Ace-Feder.1 Reporters Inc.

25
MR. SCINTO: Let's go off the record for a minute.

!



__ _

114

mpb37 (Discussion off the record.)
|

2 IMR. SCINTO: On the record.
- <

3
THE WITNESS: In thus discussing the reactor

4 control systems I distinguish it from the reactor protection
5 system which shuts down the nuclear chain reaction and, as
6

'

required, initiates engineered safety features, which are
7 of course a part of the safety design basis of the plant and

( 8 are reviewed in detail as part of the regulatory process.

9
MR. PARLER: Mr. Lanning.

10 BY MR. LANNING:

11

| Q How does the NRC distinguish between which equip-

12 ment is safety grade and which equipment is non-safety grade?

() 13
A The short answer is that safety related equipment

14
has to be safety grade. That doesn' t say anything.

15 The requirements are principally set forth in the
16 Standard Review Plan, although some of the most important ones
17

are in the general design criteria. The Standard Review Plans

set forth in considerable detail which systems are safety

19 related and what the requirements are for them, which you
20 abbreviate by saying " safety grade".
21

Q Is there a definition in the regulations or used

[^)-'

s- 22 in practice by the Staff for defining " safety related"?
23

A There is a definition for " safety related equipment".

24
I Can't, from memory, tell you where it is.Ace Federd Reporters, Inc.

25 There is not a definition anywhere for " safety grade"<

i
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t

mpb38 It's a form of shorthand. For electrical equipment it usually
;

'

means conforming to a group of standards headed by IEEE 279

and 603.'
'
'

.
4 For pressure retaining components it means designed l

f
5

- in accordance with an appropriate section of the ASME boiler- :

I |

61 .

! pressure vessel code Section 3. For other kinds of components
:

7
the definitions are different.

8 MR. PARLER: Off the record.

9 (Discussion off the record.)
10

MR. PARLER: Back on the record.

Dr. Hanauer, while we were off the record, remarked
12

I that the exhibits that were previously marked for identifica-

() 13
tion only as Exhibit 1137, Exhibit 1141 and Exhibit 1142,

la that he would prefer that they not be included in the record of
15 his deposition even though only marked for identification. His

16 point was that since he was not questioned on these exhibits
17

and did not have an opportunity to express any views at all,

he would prefer that these exhibits which I have just referred
19

to rot ~be bound with the record of his deposition.

20 The binding of these exhibits in the deposition

'21 was primarily for the purpose of administrative convenience,
t's) 22 since it has been known that from time to time we are evicted

23 because of weather conditions from our premisis. However,

24 even though that is the case, I find that Dr. Hanauer's
4..p.o.co n., ort.,,, ine,

25 request is entirely reasonable and therefore the list of

I
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mpb39 exhibits that are identified at the outset of this. deposition

shall not include Exhibits 1137, 1141 and 1142, nor should

3 these three exhibits be bound in the record of the deposition.
r^Y

T

'\, i

,
THE WITNESS: Thank you.

5 (Whereupon, the documents

6| previously identified as;

7 Exhibits 1137, 1141 and

8 1142 were WITHDRAWN.)

9
MR. PA ".LER: Off the record.

10 (Discussion off the record.)
11-

MR. PARLER: Back on the record.

12
BY MR. PARLER:

'

(~\
' _/ 13

Q Dr. Hanauer, I hand you a document which I will\

14 mark for identification as Exhibit 1146.
15 (Whereupon, the document

16 referred to was marked as
17 Exhibit number 1146 for

identification.)

19 This is a document from Harold R. Denton to

20
Robert B. Minogue, dated July 12, 1979. The subject is

21 Instrumentation to Assess Nuclear Power Plant Conditions
22 During and Following an Accident.
23 Is this subject something that you have been
24

involved in in recent months?Ace Federd Reporters, Inc.

25
A Peripherally. I attended'the meeting on July 3rd,

,

_
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1

'
mpb40 1979, referred to incthe second paragraph of this memorandum.

2
Q I gather that the substance of this memorandum

3 is to try to work something out so that there can be a joint
)
' 4 effort between NRR and Standards in trying to get the

5 Regulatory Guide 1.97 implemented, is that correct?
6

A That's correct. The ACRS pointed out correctly
;

that this guide had not been implemented.In its review of the'

8 Three Mile Island accident the Lessons Learned Task Force
9 decided that prompt action was needed in this area and felt

10 that a special group should undertake it rather than diverting
11 the limited resources of the task force itself.

,

12 The result was the meeting described between

() 13 Dr. Mattson, head of the Lessons Learned Task Force, and
14 representatives of Nuclear Reactor Regulation and Standards
15 Development offices, in which the decisions summarized in
16

Mr. Denton's memo were taken.
17

Q In your long experience in the regulatory area

418
as the technical advisor to the Director of Regulation, and |

.

19
then to the Executive Director for Operations, is the way i

that this issue is being handled, that is at the office level, f20

21 typical of-the way that major problems that would require ]

() 22 resources of more than one office are coordinated and handled?
23

A Yes, this often happens. In fact it has been

24
institut onalized between Nuclear Reactor Regulation and

> Ace Federd Reponen, Inc.

25
Research in the form of formalized. user needs, and between

I
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mpb41 Standards Development and Nuclear Reactor Regulation in the

2 form of standards initiation forms, which are concurred in by

3
office directors.

4
0 Suppose that one of the -- or the office director

5
that the memorandum is directed to of the Director of

6 Standards Development would have had some higher priority?

7 How does the organization come to grips with that? I'm asking

8 you that question, not necessarily from the standpoint of your

9
current position, but from the perspective that you gained

10
during your years as the techrical advisor to the Executive

11
Director for Operation and to his predecessor?

12
A Memos like this are almost always preceded by

() 13 .

Informal contacts.

14
0 What do you mean, things that were sent in advance

and then the memorandum is written?,

16
A The memorandum then formalizes agreements already

17
reached in almost every case.

Q Suppose agreements cannot be reached between the
19

principal office director's concern, what then happens?

20
A Then it has to be considered by the Executive

21
Director for Operations or the Commission.

( 22
7 In your experience were there frequent occasions

23 under wl.ich there had to be resolutions at those levels,

24 that is.at bither the EDO level or the Commission level?
Ac..F.o.rs n. porters, inc.

25
A No, but it's not unknown.

!
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'mpb42 O It's not unknown.

2
So this Exhibit 1146 from your experience would I

i
,

3I be a typical approach in the organization for the resources

4 of more than one office to be mustered to handle a high

5 priority item, is that right?

6
A Yes.

7
Q All right, thank you.

O MR. PARLER: Now I will mark for identification

9
-- go ahead, Mr. Lanning.

10 BY MR. LANNING:

11
Q In your memorandum to Mr. Gossick, identified as

12 Exhibit 1143, in the recommendations section on page 5,

() 13
number three states: .

14 "Put a time limit on how long NRR can

15
delay an IE circular or bulletin."

16 Do you have knowledge of examples where I&E

17 bulletins have been delayed by NRR?

A Yes. I can't be specific, it was too long ago.
.

19 But in my investigation of the feedback of operating informa-
,

20 tion, the IE circular or bulletin was one important way in

21 which operating information developed in one plant or one
() !

22 incident was fed back to the other operating units for their!

| l
23

Iinformation or action.
!

! 24 And there was a series of incidents in whichAce Federal Reporters. Inc.

! 25 draft circulars or bulletins had been sent to NRR for 4

|\
'

I

| |

|

| |
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Impb43 concurrence and had been delayed by many weeks.

Q Do you remember either the subject or the time
3

(- frame of these delays?

%s 4 A The memo was written in April, 1978. It would be

0 in ';he months preceding that.

6
O Do you know of any subsequent discussions between,

7 Mr. Gossick and NRR and I&E office directors to resolve this
8 or to implement the recommendations?

9 A No.

10 MR. PARLER: Do you have any other questions?

11 MR. LANNING: No.

12 BY MR. PARLER:

O 13
Q Dr. Hanauer, I'm going to mark for identification

14 as Exhibit 1147 what has been represented to me to be

15 comments by Admiral H. G. Rickover, U.S. Director, Naval

16 Nuclear Propulsion Program, in a meeting with members of the
17 President's Commission on the accident at Three Mile Island.

The Admiral's comments are dated three-quarters

19
down from the top of the first pages with the date July 23,

0 1979. That is the date of his comments, as far as I am aware.

21 (Whereupon, the document

O
\ ,/ 22 referred to was marked as

. 23 Exhibit number 1147 for

24 N"U N"U" * I
: Ac..p.e.,.i n.po,t.,,, inc.

25
I gather, Dr. Hanauer, that --

I
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!

A Do you want to give it a number?mpb44

2 Q Yes, 1147.

3 You've never seen or read that document before, is

4 that correct?

5 A That is correct.

i Q Adm. Rickover in this document, which I will i6

7 certainly give you the time to read, starting on page 6, it
8 talks about basic principles of the Naval reactors program.

9 And then later on he discusses other principles which he

10 believes are important.

' In other words, he talks about the basic
t

12 principles for the Naval nuclear propulsion program, and then
13 later on he gives ideas of what principles in his judgment
I# would be sound principles for commercial nuclear power programs.

15 I would like to try at least, after you have

16 screened this document, to refer certain things to you

to ask you to comment on. In a number of these areas it
2

18 would be my understanding that the material that is involved
.

19 is in the same area of the kinds of things that you've already

20 discussed in the context of questions that were asked about

21 the Mangelsdorf report and also questions that were asked
O
V 22 about your memorandum of March 13, 1975, to Commissioner

23 Gilinsky.

24 If you would prefer, however, not to proceed on
%,,% %,,,,, %

25 this route, we will not proceed on this route.

I

*
>
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|
1

mpb45 A Well, I don't mind. I acquired a great respect |

2 for Adm. Rickover in my review of Naval reactors while a ;

!
3

member of the ACRS. I have been scanning this, and it is j
I

4 consistent of what I know of his actual operation.

5
0 All right.

6' MR. PARLER: Let me go off the record for a second.

7 (Discussion off the record.)
8

MR. PARLER: Back on the record.
9

BY MR. PARLER:
,

10
0 We will start on page 23 of the Admiral's suggested

11 actions, and the Admiral comments that, in his first suggested
12

action, that:

() 13 " Utility management, as the owners and.

14 operators of the plant, have prime responsibility
15

for their safety."

16 There are a number of factors that are involved
17

in the construction and operation of a nuclear power plant,
O

the vendors and the architect-engineers. All the utilities

19
are licensed.

20
It would appear to this layman at least that the

,

i

21
vendors and the architect-engineers play a very important

(_-) 22
role, although they are not licensed. And at least as far as

23 the architect-engineer is concerned, the architect-engineer
24 would appear not to be too heavily impacted by the regulatoryAce-Federet Reporters, Inc.

25
process.

.
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I Now I gather that what the Admiral is saying, fmpb46

2 that the utility management as the owners and the operators

3 of plants have prime responsibility for their safety, that

O , that principle is reflected in the Nuclear Regulatory

5 Commission's regulatory approach to the licensing and regula-

6 tion of commercial nuclear power plants; is that your under- 1

I

|7 standing?

8 A That's my understanding. And the principle is,

9 of course, embodied in our basic structure and our rules, and

10 even in the Atomic Energy Act. In almost the san breath I

I'
- have to say that whereas utility management, when asked, will

12 invariably say the right words about their contentions
O 13Vu7 regarding this responsibility, and the architect-engineers and

I# vendors and others will state the correct things about their

15 responsibilities for safety as agents or suppliers to the
*

16 utility, it's my experience that some decisions are made on

I7 the basis that safety is what the Nuclear Regulatory Commission
"

18 requires. And in some areas some utilities do not make any

19 independent judgments about the safety of their plants.

I think that Adm. Rickover is correct, and that

21 the attitude that I just described is not correct, an inimical

22 to safety.

23
Q Is there anything of which you are aware in the

! 24 regulatory process which would e'ncourage or provide any
| Am Federet Reporters, Inc.

25 incentives to utilities that are licensed to operate nuclear

i

.
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I
mpb47 power plants to go beyond the minimum requirements of the NRC, !

;.

i
2 the minimum regulatory requirements? What are the incentives? |

S A There are no incentives in the regulatory process

4 since the requirements are all we can impose. The incentives

5 would be the decreased risk for the company and the public.

6 Most industry people, including most utility

7 people, honestly believe that since the NRC is way over-

8 conservative in their requirements anyway the risk to the

9 company and the public is already negligible and nothing
10 |

I beyond the minimum NRC requirements are justified.;

11
Q Would you say that the regulatory process to some

12 extent at least may indeed inhibit innovations in the interest

13
of safety?

14
A I'll go further. I think the regulatory process

15
strongly inhibits innovation.

16
Q What is there in the regulatory process that --

17
A Let me say one thing in answer to the preceding

question.

19'

Q Go ahead, please.
|

| 20
| A I'd like to point out that the standardization
!

| 21 policy and the standardization process is an even~ stronger

() 22
inhibition on innovation. This has positive and negative

23
aspects.

24
MR. PARLER: Off the record.

4 %.i n.,on.n, inc.

' (Discussion off the record.)

i
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mpb48 MR. PARLER: On the record.
2

BY MR. PARLER: |

3
Q Dr. Hanauer, would you please elaborate on the

4 record what those positive and negative aspects are?
5

A The positive aspects are the desire to standardize
6 the designs and to restrict changes of all kinds, including
7 innovations,in favor of stabilization of the designs, of the

8 safety design basis, of our understanding of the machines,
9 and of the similarity of the many machines that we have to

10
deal with.

11 This is in fact the basis for the standardization
12

policy.

() 13 The negative aspect is that such of these innova-
14

tions that are in fact improvements in safety are equally

15
inhibited.

16
0 All,right.

17
MR. SCINTO: I've got a follow-on, if you'll let

<
18

me, Bill.

19
MR. PARLER: Go ahead and ask it.

20
BY MR. SCINTO:

21
Q Dr. Hanauer, I've sometimes heard the standardiza-

OQi 22 , tion policy characterized as in fact standardizing only the
23 NRC regulatory review and not in fact standardizing the
24 designs of the plants subject to that review.

4 r.o. c n. , ort.,,,inc.

25 Could you comment on that?
|

i
I

. _ . -
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1

1

mpb49 A Well, if it's true, this wouldn't be standardiza-

2
tion at all. The reason -- Let me go back;

3 The standardization policy of the Commission and f

the Commission regulations related to the standardization
.

5
! clearly envisage standardization of designs. Standardization

6 of review, economization of review and elimination of
)

7 repetitious review makes sense only if the designs of the
8 plants themselves are standardized.
9 BY MR. PARLER:

10
Q Moving over to page 27, please, of this exhibit,

11
-

Item number three, Adm. Rickover says:

12
"There should be a government representa-

) 13 tive in the control room at all times with the
14 authority to shut the plant down if he believes
15

this to be necessary for safety."

16
If this is an area you have an interest in or a

17 point of view on, would you care to comment? If not, then

18
we'll proceed.

19
A Yes. I worked for years with an operating

20 organization at Oak Ridge. I think the increment of safety

21 provided by this is very small, that almost all of our bad,

) 22 accidents happen to plants that were nominally shut down, or
23 plants that were in fact shut down without any difficulty as
24 far as the immediate shutdown was concerned and then got into

% .p % n o n.n,,ne,

'25
trouble one way or another.

i
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I In the Three Mile Island plant, for example, the
mpb50

2 decision to shut down was an automatic one caused by the

3 scram being initiated. And there would, in fact, have been
,

j

no difference in the Three Mile Island event had Adm. Rickover's' #

S recommendation been taken.
i

6 A more serious possibility in my opinion would be

7 the potential for an independent representative -- for

8 example, a government employee -- in providing an independent

9 and somewhat detached point of view in a degraded situation.

10 It's difficult to speculate whether Adm. Rickove -'s government

11 representative might have had a clearer inr.ight as to the4

I incorrect actions and the incorrect inferences which were
13 drawn by the operators in the Three Mile Island control room,
Id whether he could have pointed out the trend of the plant

15 toward saturation in the primary system and the other less

16 obvious mistakes in evaluating the situation which were made

I7 by the operating people.

'

IO I think that the Lessons Learned Task Force
C

10 recommendations for improved control room manning addressed'
'

20 this question in a more direct way, and I'm not inclined
21 to favor Adm..Rickover's suggestion.

22 Briefly, what is the more direct way that theQ

23 Lessons Learned Task Force approached the thing, without going

24
I Ace Federet Reporters, Inc.

25 It relates to the command provisions and to theA
l

I
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Impb51 establishment of the technical advisor position in the control

2 room to be manned around-the-clock.

3' O Would that be an advisor who is an engineering

" 4 graduate, a nuclear engineer or something?

5! A Yes. I'll refer you to the Lessons Learned
I

6' report, which I don't want to characterize.

7 Q I was not asking you, Dr. Hanauer, to characterize

8 it, or I did not intend to. But I want to get to this ques- .

9 tion:

10 I gather from what you have said that it may well

II
be that under circumstances such as TMI-2 that the presence of

12 the governmenc representative may not have made a difference.

13 Is my understanding of what you said correct?

Id A Well, I was speculating on whether it might have

15 made a difference, and it just might have. But the fact that

I0 he was there with authority to shut the plant down I felt was

I7 rather irrelevant.
'(

18 The plant shut itself down and then got into big

I9 trouble.

20 Q Well, if you would have somebody in the plant who

2I was not a government representative with authority to shut the

22 plant down, but a nuclear engineer who had had some experience,

23 would you speculation be the same?

24 A Well,-that's the recommendation of the Lessons
I Ace-Federd Reporters, Inc.

25 Learned Task Force, which I endorse.

i
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mpb52 0 All right.

2 Item number four in Adm. Rickover's list is that:
3 "All activities involved with nuclear

{}
- 4 power, utilities, reactor vendors, manufacturers

I5 and regulatory agencies must establish and
6 attain as permanent a staff as possible as
7

long as they perform well."

8 Is there anything in the regulations that you are
9 aware of or in our regulatory policies that addresses itself

10
to this point?

11 |
A No. This is almost a cliche. As far as the

12 regulatory -- I'm on page 28 of the same reference, now.
() 13 - "To retain people, they must be paid

._-

14
adequately. More important, to attract andi

15 retain good technical people, they must be
_

16 trained and given authority and responsibility.
, _ _

17

_ _ _
__No_ thing causes technical people to leave more

~

c
_

18 quickly than not being able to do their
.

19
technical jobs properly."

:
20

And so on.

21 These are almost cliches. They are, of course,

() 22
correct. The regulatory program does not address these sorts

23
of things. Many of the regulatory policies are viewed by

24 plant personnel, designers, architect-engineers, as makingAce Federal Reporters, Inc.

i 25
their jobs less attractive. They are always subject to quality

i l',
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assurance inspectors peaking over their shoulder. They get
mpb53

2 their operator licenses jeopardi::ed.

3 And I don't know what to do with your question.r'
L)

except to remark that regulatory necessities sometimes work4

5 against this.
; |

6 0 Well, let me help you with what to do with the

question. Let's move away from the cliche part, if you will,7

8 Dr. Hanauer, back to what I thought was the fundamental point

that was being made, and that is that there is something to9

10 say for having qualified people around for some period of time:

11 and not have a continuing transfer of people from one place to

12 another, have a head or a chairman of the plant operations

13 review committee for three months and then another one for
I# the next three months, et cetera; have one unit superintendent

15 for several months and then another one.,

16 The stability of people in key positions, the

II qualifications of people that are in those positions, is that
I8 something that our regulatory process gets involved in as far

4

19
as you are aware?

20 A Not at all, as far as I am aware.

21 Q All right. That's the question.

O
22 The raxt question is: Should it, in your judgement?

23 A I don't offhand see how. It's a highly desirable

24
Aco Federet Reporters, Inc.

tory fashion.1

[
'
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I
'
.

!
1

1

mpb54 0 The next item that Adm. Rickover talks about, !

l

#7 plant design, control room training, and so forth, should be
3

standardized insofar as practical. In this discussion today
)

,

4 you''ic e sdressed yourself to standardization on several
5

occasions. Perhaps there's nothing else to add here. Is that

6
right?

7
A That's what I think.

7.171 Q Now on page 29, Adm. Rickover says:
9 " Minimize reliance on automation and

10
computer control."

11 And I don't know whether what he says here is

12
inconsistent with what you said earlier or not. If you would

(/ 13 care to comment on this?
14

It certainly is, by the vay, just as a comment,

15 and as the Admiral points out, his recommendation or his
16 thinking here runs counter to the belief of some others,which
17

may not include you.
.

18
A It does.

.

19 What he stated is a desired effect which may or

20 may not be capable of achievement. The plant, he suggests,

21 should be designed and built in a simple stable fashion, but
( 22 that's not always possible, nor is it true necessarily of

23
Naval facilities either.

24 Furthermore, for routine control and management ;
Ace-Federd Reporters, Inc.

25 tasks it would seem better to me to program a machine, computer,

I

* ''
_
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mpb55 ifyoulike,todothethingswhicharebestdonebyamachine,|
2 and leave for the human operator those tnings which are done

i
3(- better by humans than by machines. j

V)
4 This is an old argument.

5
0 About the point that is made about the bottom of

6
page 30, it says:

,

7 "An inherently stable reactor makes

8 fewer demands on the control systems and the

9
operators. Therefore it results in a simply

10
more reliable plant, et cetera."

11 In the context of the Babcock and Wilcox design,

12
and prior to the bulletins and orders, corrections, after

I) 13\"' March 28, 1979, do you have any thoughts on the extent to

14
which the sensitivity of a reactor should be a factor in the

15
regulatory process?

16 I don't know whether I'm communicating clearly the

17
question or not. It's a question of a layman --

C

18
A Yes, you are.

19
Q Okay.

20
A Yes, I think so, and I've suggested informally

21 that we rrwyly don't know enough to quantify sensitivity and

'*) 22
to d:cld ; bgw much sensitivity is too much.

23 It's clear that the Babcock design reacts more

24 quickly and overshoots more violently than the other two
u.pw3 n.,on.,,, inc,

25 current pressurized water reactor designs. It's not clear

i
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mpb56 that this mak'es it unsatisfactory, but only by comparison to

2 the others it has a more difficult control problem. This is

3
r- why the Babcock and Wilcox integrated contro l system was
L.)g

4 devised in order to provide for the plant and its control

S system a more stable and less sensitive response.
6

Q The Admiral's export item number seven, which is
7

on page 31, Dr. Hanauer is:

8
" Simplify and reduce the size of the

9
control rooms."

10
I don't know whether you have any comment on that

11
or not. Do you, sir?

12
A Yes. I used to design control rooms for a living.

() 13 The control room at Three Mile Island and most
14

other control rooms in nuclear pow . plants now in operation

15 could have been designed by my colleagues and me in the early
16

19 Os. They make no use, or very nearly no use of any
17 improvements in hardware of understanding acquired since that

'

time.
.

19 They are built without adequate consideration of
20

the limitations of the human body or the human brain. And I

21
I believe that it's very important to improve the design of

f () 22 control rooms to the extent that I think it will be foundI

l
23 appropriate to require the backfitting of almost all the

!
i 1

! 24
|existing control rooms.Aa-rena nwemn. w.
'

25 '

We have now a new generation of control rooms,

I

l



_

134

'
mpb57 starting at the Susquehanna Plant, where the man-machine

2 interface is managed in an entirely different way through the
3

use of a computer interface and cathode ray tubes.

4 One of the most attractive features of this control
5 room is that we don't know yet what the problems are, and our

6 early experience with the new control room designs I predict
7

will be just terrible until we shake them down.

8 Furthermore, the data presentation, information

9 presentation to the operator and the utilization of the
10 potential of a computer interface is in fact rudamentary and
11

even childish in its early designs, which is not surprising.

12
It's a little like trying to use the first big digital computers

() 13 before we had invented FORTRAN and other languages to address

la
' them.

15
The machines were ludicrously better than the,

-

16
capability of the people to use them. This is going to be

17 true of the new control rooms, and I would therefore not jump
c

18 up today and require that all plants be backfitted with them.
19

However, after a period of experience in which I

20 trust that some altogether new and now unforeseen methods
21 comparable to the development of FORTRAN in digital computer

() 22 programming will be developed to communicate these data from
23

the plant to the operator. I think it will become appropriate

24
to backfit improved Control rooms in all plants.,%m-Federal Reporters, Inc.

25

|-
I'd like to say one more thing.

I

t
"

L



135

mpb58 Q Go ahead.

2
A On the bottom of page 31 and the top of page 32 a

3

{"~?} |
report by the Electric Power Research Institute is identified.

4
0 Yes.

5
A This report itemizes in devastating length and

6' detail the shortcomings of a number of control rooms identical
;

7 in concept and similar in design to the one at Three Mile
8

Island. .

9 As far as I know, no action has been taken to

10 ameliorate the worst aspects of these control rooms in exist-
11

ing plants.

12
Q The situation that you have alluded to in your

(_/ 13 answer, or in your comment, at this point as well as earlier,
.

14 the lack of progress in the area of control room design, do
15 you attribute that to the influence of the experience that the
16

utilities have had with the fossil plants? .

!

17
A Partly.

O Partly, to the lack of what? Regulatory push --

19
A Utilities, there are a number of reasons for it.

20 In the first place utilities are very conservative technically.
21 In the.second place, they.got sold a very bad bill of goods.
22 They -- right after World War II they bought a bunch of

I 23 vacuum tube control equipment which had a terrible availability
24 record, and it Cost them a large amount of money in decreased

Ace Federd Reporters, Inc,

25
plant availability.

I
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1

mpb59 0 You're talking about fossil plants now?

2
A Yes. There weren't any nuclear plants right after

3
"'s World War II.

(%d 4 To this must be added the generally regressive

5
.

nature of the Nuclear Regulatcry Commission review, particularly

6| in this area, which is in general inimical to improvements
t

7 and treats them with a very large number of negative questions
8 and positions, even when there is an obvious safety improvement
9

involved.

10 I blush to admit that that branch is under my
.

11 supervision or was for some period of time.
12

O Which one is that?

13
A Instrumentation and Controls.

14
Q I see.

15 Speaking of instrumentation and controls, Adm.
16 Rickover's point number nine refers, at the bottom of page
17 32, to instrumentation matters, direct reading instruments,

<

18
et cetera. I don't know whether there is anything in that

19 discussion.that you want to comment on, or even if you've had
20 time to reflect on what the Admiral said.
21

A I'm just scannin.g it. It seems eminently sensible

22 '

to lae .

23
Q All right.

24 Well, I suppose, at the bottom of page 35, item |

Ac.4.e.r.: n.oon.n. inc.
25 eleven, at least for purposes of the record I should ask you
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'

mpb60 to comment on the Admiral's point that:

2 "Do not succumb to calls for more |

3 research and development as a response to

4 the Three Mile Island incident."
S You should take time to read what he has said

I

on that page and at the top of the next page. And if you'd

7'

! care to comment, I'd appreciate it.

8 (The witness reading.)

9
A I agree completely. I have in fact seen, both

10 inside and outside the government, very large research
11

proposals based nominally on Three Mile Island.
12

Q Is that all you have to say about that, sir?

b 13'# A Yes, sir.

14
Q All right.

15
Let me move back, if you don't mind, or turn back

16
to page 10A.

. _ _ _ .

17 This page covers some of the principles that the
c

la
Admiral follows for nuclear power propulsion programs. I'm

_

19
talking about the second item from the top there. That's

20
what I'm going to refer to.

21
He says:

(') 22 " Design, build, operate and maintain the
23 plant'so as to prevent accidents rather than
24

relying on systems and procedures provided toAm FWw"J Reorwn, lm.

25 cope.with accidents after they occur."
i

1

'
|

.--
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mpb61 It would appear to me as a layman, Dr. Hanauer,

2 that perhaps the regulatory approach of the Nuclear Regulatory
3

Commission is just the reverse. It's concerned with the

4
mitigation of accidents after they happen. To me as a lay-

5 man that is the essence of the design basis accident approach.

6 Would you please comment and correct me if I'm
.

7
wrong?

8
A Yes. This was widely misunderstood, although not

9
by Adm. Rickover.

10 In principle, we subscribe completely to the first
11 part of that sentence and it's one of the echelons of defense.
12

And as the Manglesdorf panel pointed out, it is in fact the

() 13
most important of the echelons of defense.

14
If I were building weapons that had to fly or

15 swim or go under the sea, I might take the emphasis that the
16

Admiral gives. If I'm building nuclear power plants with

17 thermal power in the 3- to 4000 megawatt range, I would liim.

to have an additional echelon of defense, which he tends to

19 deprecate, namely, I want the machine built,. designed,
20 operated and maintained so as to prevent accidents. And then

21 I want it acknowledged that the designing, building, opera-

() 22
tion and maintenance of these plants will be less than perfect,

23 that equipment will fail, people will make mistakes. And I

24
Want systems and procedures provided to cope with accidentsAm-Federd Reporters, Inc.

25
| after-they occur in addition.

i
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Impb62 Now maybe I can't cram all of that onto a sub-

2 marine, but I can put it on a nuclear power plant, and I want

3
A both.
\,)

My point is that whereas in other in other

5 designs one may have to choose, I don't think we do in nuclear ,

6
power plants.

7
Q It's clear from what you have said that in the

8 commercial nuclear power area that the emphasis should be

9 placed on both preventing accidents as well as mitigating the
10 effects of accidents if the accident has happened.

11
A I believe strongly that this is the case.

12
Q Okay.

() 13 Now where is the -- other than quality assurance,

14 how does the regulatory program, that is the NRC, emphasize
15

the provisional aspect? Would you pursue that a little bit

16
more, please -- Let me make one other statement.

17 There are some inspectors in the field that have

represented to us that when there is an immediate safety
19 problem that they have encountered,.they don't have any problem
20 at all receiving attention from headquarters. But if there

21 is something that is preventive in nature, at least in their

-) 22 judgment, they have great difficulty, or at least some of them
23 have experienced great difficulty in getting people to pay

24
a e d on to Oe h Conce Ms.

Ace FMJ Reporters, Inc.

25 Thost examples may or may not be correct, but that

i

_ _
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mpb63 I is one of the reasons why I am asking you for your views as to

2 how, beyond q'tality assurance, the regulatory process deals

3 with, emphasizes the preventive aspects.

O
4 A Our primary reliance, aside from the quality

5 assurance program, with the prevent.ive aspects has been all

6 in the fact that it is to *he utilities' self-interest to

7 design, build, operate and maintain the plants so as to prevent
'

8 accidents which involve down-time.

9 I think consistent with their discussion of control

10 systems, for example, which are to prevent accidents, I think

II we have probably overdone it and that we probably have to

12 pay more attention to preventive devices of which control

13 systems are an example.,

14 Q Okay.

15 Moving back'to the area of the generic items, it's

16 my understanding -- and perhaps you testified earlier -- that

17 the original list of some 133 items have been or has been

18 reduced to 19, with the addition of -- what? -- the B6 item

I9 that I believe you referred to.

20 There are same who may believe that this reduction

21 may have come about.in large measure because of the definition

22 of unresolved safety item that someone came up with in the

23 past. -

24 Do you care to comment on that?
Am Feder*J Reor wrs, Inc.

25
| A Well, I don't think you've characterized very well

:-
_ _ _
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I

i
i

1

mpb64 the description I gave of the process which you characterize
2

as reduction. .

r

|
3

(' The situation was such that it seemed obvious
'

\ -} ,

A
that all 130 items did not have equal priority, and that

5 there weren't enough resources to get them all done promptly.
6

Q Right.

7
A And therefore there was a prioritization.

8 The definition and concoction of the term
9 " unresolved safety issue" was in fact done by Congress in a

10
clause in the authorization bill a couple of years ago. The

11
Commission's definition of an " unresolved safety issue" was

12
given as a response to that. It was devised by the Staff and

() 13 approved by the Commission.
14

The unresolved safety issues are therefore those

15 of the generic items which have the highest priority which are
16 the most serious or potentially serious to safety which

| 17
i involve more than one plant and which have at least the

C

18 potential for being unsatisfactory in their present state for
19

the lives of the plant.

20 *

| Q Right.

21
A Now I'm not sure I understand your question in

22
that context.

'23
Q Incidentally, just for the clarification of the

24 record, I was not in my question characterizing your early
A m.r e ,3 n w o m o, w .

25
testimony. My point was that some have represented -- some,

.
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1-

mpb65 not me -- have represented that one of the reasons why the ;

2 long list of 133 could have been reduced to the 19 was because
3 of a vague definition of' unresolved safety items or allegedly

i4 vague definition of unresolved safety items which could mean
5

different things to different people.

6 I have gathered, and it's my understanding from wha,t
7 you have said just now a minute or so ago, as well as earlier
8 in this deposition, that such in your judgement is not the case-,
9 that the priorities that we now have are indeed based on wh:t

10 sound analysis which has resulted in an iinntification of those
11 things which are of the greatest importance to the safety of
12

nuclear power reactors.

() 13
Is that what --

14
A Yes, I described that process in earlier testimony.

15
Q Okay.

16
MR. LANNING: I have a question.

17
BY MR. LANNING:

18
Q As part of the Technical Activities Steering

19 Committee, it's my understanding that a group of individuals
20 reported to that committee to prioritize the generic issues
21 by considering each issue and assigning a point value based

('Oj 22'

on some guidance. And it is this technique which resulted in

23
the prioritization of the generic issues.

t

24
Is this the process that you're referring to as; Ace-Feder:t Reporters, Inc.

25 being properly quantified as to the safety of the issue?

t

i
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I

mpb66 A As I testified earlier, the process actually went

2 in three steps, of which you have described the second.
3 The first step was a study by the probabilistic

analysis staff of the risk potential in each one of the issues.;4
,

5 And this resulted in an evaluation for each one, of the impact

6 on public health and safety of resolving the issue. This was

7 one of the inputs to the process which you have described, and ,
8 was in fact the largest contributor to the point rating which
9 also considered other factors, requests from the ACRS, promises

10
that were made to somebody, efficiency of the regulatory

11 process, environmental effects and other things.
12 This was all reviewed by the Technical Activities

() 13 Steering Committee, and in the case of the unresolved safety
14

issues, by the Commission. And the result is the priority

15
values that I described.

16
MR. SCINTO: I'd like to clarify the time.

17
MR. PARLER: Go ahead.

&'

18
BY MR. SCINTO:

.

19
Q In this review, the one in which you have indicated

90' the Commission was involved, was that -- do you have in mind
21 when we're talking about that review, the review in which the

(') 22 Commission overrode the recommendation by Mr. Denton with

23 r'espect to at least one issue, and that was on system inter-
24

actions?Ace-Federd Reporters, Inc.
'

25
A That's correct.

l

.-
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mpb67 Q Okay.

2
A It took place about a year ago.

O Right.

4 If I mischaracterized it, change that. I'm just

5
trying to identify the timing.

6
A That's correct.

7
0 Okay.

8 BY MR. PARLER:

9
Q I gather that what you have been talking about is

10
around November 27, 1978, SECY, S-E-C-Y, paper 78-616, a

11 paper from Harold Denton to the Commissioners entitled
12 Reporting the Progress of Resolution of Unresolved Safety

() 13 Issues in the NRC Annual Report, and there is a companion
14 paper which is in the book that I just showed Dr. Hanauer,

a paper 78-616A, which is responsive to the concern of the
,

16 Commission about certain items that the Commission believes
17 should be included on the unresolved list, one of which was

18 Task A-17, Systems Interactions of Nuclear Power Plants.
,

19 But the reason I had this book out, Dr. Hanauer,
i

:20 was to ask you if the draft report of the probabilistic analysis j
- I

21 staff, which is in this Staff paper, SECY-78-616, is it ]

( 22
still a draft report, or has that group submitted its final

23
report?

24 I can show you what I'm talking about if my ques-
Aa. reno n ones,ix,

25
tion isn't clear.

.
.-
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'
mpb68 MR. PARLER: Let's go off the record while I'm

2
looking for this.

3 (Discussion off the record.)
J

#8 MR. PARLER: On the record.

5 BY MR. PARLER:

6
Q Dr. Hanauer, to the best of your knowledge and

|

7
recollection, has the probabilisuic analysis staff draft

8 report or draft summary report on a risk base categorization
9

of NRC technical and generic issues, has there ever been a

10
final report to your knowledge put out by that staff on the

11
subject?

12
A I don't know.

,

f
(_ 13

Q Okay.
,

14
MR. PARLER: Off the record.

15 (Discussion off the record.)
16

MR. PARLER: Back on the record.

17
BY MR. PARLER:

*

18
Q Before the luncheon recess there was some reference

.

to a Commission decision on a Union of Concerned Scientists''

20 petition about the~ environmental qualification of electrical >

21
connectors,

(~)h
r

j u 22
MR. PARLER: And I gather that you're going to

|
,

23 get, Mr. Scinto, a copy of the Commission's decision for
24

Dr. Hanauer to look at. Would you proceed with that, please,Am Feded Reporters, Inc.
'

25
sir.

I

I !

- - . - - _ .-
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,

mpb69 MR. SCINTO: Yes.

2 BY MR. SCINTO:

3
Q Dr. Hanauer, I believe during the break you have

4 gotten a copy of the Commission decision I was referring to.
5 It's an April, 1978, decision in connection with the petition

i

6 I of the Union of Concerned Scientists.
7

A Yes, sir. It's to be found in Nuclear Regulatory

8 Commission Issuances, Volume 7, number 4, and it starts on

9
page 400.

10
Q Among the issues touched on by the Commission in

11
that decision is a brief -- I believe a brief discussion of

12
the single failure criteria as it was raised in the context of

r-)xt 13s that issue.

14
A It's done twice, and the two discussions are almost

15
-

identical. The better one is in the middle of page 427.

16
Q The question I would ask, Dr. Hanauer, is:

17
You had in connection with your decision -- Mr.

&
13 Parler had identified -- I need the exhibit on single failures.

.

19
MR. PARLER: Okay. I'll get it for you.

20
THE WITNESS: The one on single failures or the

21
one on -- the Gilinsky memo.

O(_- 22
MR. PARLER: 1135,

23
THE WITNESS: It's that one.

24
BY MR. SCINTO:Am.Feder:A Reporters, Inc.

25
Q In connection with your discussion with Mr. Parler

,

t



147

mpb70 earlier today in connection with Exhibit 1135, I believe you

2
noted that you had -- that thit, memorandum you wrote to

3 Commissioner Gilinsky had pointed out some problems associated(N
%-] 4

with the arr,lication of the single failure criteria.

5 !My question to you is:

6 How would you characterize the Commission's

7 discussion of the single failure criteria in the UCS petition

8 as it bears upon the problems you discussed with Commissioner
9

Gilinsky? Is it beneficial, is it not beneficial? How would

10 you characterize the -- whatever guidance there is in that
11

Commission decision with respect to the single failure criteria?
-

12
A It doesn't treat this problem at all.

() 13
Q Thank you.

14
MR. PARLER: Off the record.

15 (Discussion off the record.)
16

MR. PARLER: Back on the record.

17 BY MR. PARLER:

Q Before we go into other areas, Dr. Hanauer, there
.

19
are a couple of other questions in the safety area that I

20
would like to ask you.

21 I understand that in the regulatory area, particular-

() 22 ly in technical specifications for nuclear power plants, that
23 there is such a thing as safety limits, and such a thing as

24
safety margins.Ace-Federal Reporters, Inc.

25
Am I correct thus far?

i
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mpb71 A Yes. You're outside my expertise. I

2
Q All right.

i3
A I don't deal with technical specifications much.

4
Q All right.

5 The question that I was going to ask you -- but
I

6
'

I will honor the statement that you just made, but let me go

7 ahead and ask the question -- is:

8' How does the NRC establish the things that have

9 to be covered as safety limits to provide reasonable assurance
10 that the public health and safety is protected against undue
11

risk?

12 If that question is outside the area that you're

() 13 involved in, please so indicate and we will move on to something
14

else.

15
A I'll give you a short answer.

16
There's a group that works on this subject pretty

17 much constantly reviewing tech specs.and-issuing improved

editions of standard tech specs which have been developed for
.

19
the classes of plants. .

20 The question, the more interesting question is:
21 how is it decided which things should have-tech specs based

() 22
on them at all? There is no simple answer. This is based on

23 operating experience, review experience, accident analysis,
24 particularly in Chapter 15 of the Safety Analysis Report whichAce-Federst Reporters, Inc.

2S shows not only what the assumed values of the parameters are,

I
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4

Impb72 but what the sensitivities are in the SARs and in technical ,

i

I '

reports which we have required to be submitted. | !2

| 1

'

3 This tells us what are the things that are

) 4 important to the safety analysis and important to the safety
5 of the plant, and those are the things we write tech specs
6 about.

7
Q Fine.

O Dr. Hanauer, the reason that simple question was

9 asked by this layman is because it would appear in numerous
10 places that decisions in the regulatory area are made on the
11 basis of engineering judgment, and I was' wondering how the

12 process worked so that the engineering judgment could deal
,,

k-) with refinements such as things such as safety limits, which

14 would be what I would understand to be the hard core that is
15 required for safety purposes, and then safety margins.
16 But I think you have answered my questions. I

17 was just explaining to you why I asked it.

'

MR. PARLER: Mr. Lanning, would you ask the

10 quality assurance questions, please, about the Browns Ferry'

20 recommendations?,

i

2
| BY MR. LANNING:

Q As part of your investigation into the Browns

23 Ferry incident, were there recommendations concerning quality
24 asswam e N W m CAc..r.o.r.: n. porters, inc.

25
A Yes, there were. They are to be found in

i

L
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I

mpb73 NUREG-0050. They are summarized in Section 1.6.4, starting
2 on page 6, and they are discussed in additional detail in

(} Section 5.2 on page 49 and in Section 6.3.2 on page 57.
4

Q Are there any of those recommendations that in your
5 mind are more important, that require Commission attention?
6

A More important than what?

7
Q Than the others?

8
A Well, I have to remind myself of them. The report

9
is now four years old.

10
(The witness reviewing document. )

11 Let me just characterize them and talk about them
12

briefly.
O
(_/ 13 The first recommendation related to the demonstrated

14
inadequacies in the Browns Ferry QA program. The study group

15 did not consider or evaluate the new program which was reviewed

16
in the usual way, and I haven't reviewed it and don't have an

17
opinion about it.

The quality assurance requirements were being
i 19 revised and the application of the quality assurance require-

20 ments to the plants was in a state of flux at that time, and in
21 -fact the Browns Ferry quality assurance program had never been

(~T'

(_/ 22
reviewed.

23 The special review group formed to evaluate the
24 Browns "erry fire, of which NUREG-0050_is the report, stated

| Aa-Federd Reporters, Inc.
25 -QA programs of all nuclear power plants' licensees should be

!
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mpb74 reviewed. QA programs in some operating plants that are known
1

not to conform to current standards should be upgraded promptly.|2

3 As far as I know, this review has been completed.
[)
'wi 4 I don't know how prompt it was. The NRC review of licensee

S QA programs should be correspondingly upgraded in particular
6 to include explicitly fire protection. This has been done.

7 And provisions to maintain important functions in spite of

a fire. This has been done.

9 So the explicit recommendations have been accom-
10

plished.

11
Q Are you aware that there is not a criterion in

12 Appendix B requiring or addressing maintenance, preventive

- maintenance?
14

A No, I haven't read Appendix B in years.

15
MR. PARLER: Off the record.

16 (Discussion off the record.)
17

MR. PARLER: Back on the record.

$
Let me try to ask this question.

19
BY MR. PARLER:

20
Q Dr. Hanauer, some have representative their belief

21
that the adjudicatory process in the licensing of nuclear |

- power reactors has an inhibiting effect on full discussion of
- 23 the safety issues by the Staff in its safety Evaluation

24
Reports. j

Awrewe nworwrs. =.
|

25
bu8 .I guess the first thing I should ask you is: |

|

f I
l

-
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mpb75 Have you had any experience in adjudicatory

2 proceedings before Atomic Safety and Licensing Boards?
3

A Never in a licensing case; only in a rulemaking
~)

I=' s
hearing.

5
Q With that understanding, that your experience

6 has been limited to rulemaking hearings, do you have any

7 comment on the view that I have just tried to express that

8 some people have, that is that the adjudicatory process could
9 have a negative effect on the quality of the Safety Evaluation

10
Reports?

11-

A I've never experienced it, aad I worked for many

12
months in the generation of Safety Evaluation Reports as

A assistant director for plant systems.

14
Q Okay.

15 Dr. Hanauer, one of the issues that the Special

16 Inquiry Group is looking at is the rush to commercial opera-
17

tion issue by Metropolitan Edison.

In your regulatory experience have you been

19
involved in issues that relate to commercial operation or

20 I placing a plant in commercial operation?
21

A Not at all.

(-) 22
Q Have you ever been involved in the structure of

23 the testing programs and the power ascension program -- that's
! 24

a-s-c-e-n-s-i-o-n was what I was trying to say --
j a .pe.o n.pon.n, inc.

25
A Yes. I've looked at some of them.i

!

!
!
'

t

- -
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mpb76 Q Do you happen to recall whether there is anything
2 that would be a useful benchmark in that area that is to be used
3 for comparing schedules for tests to see whether one is a-

4 .=

reasonably thorough approach on a realistic schedule or are
5 these things, generally speaking -- these things being the
6 testing programs, et cetera -- largely dependent upon
7

particular plants and individual situations?

8
A I don't have enough experience to comment.

9
0 All right.

10
Dr. Hanauer, at this point I have finished the

11
questions I have to ask you. I will now turn this over to

12
Mr. Scinto.

(' 13
On behalf of myself and my colleagues I would

14 thank you very much, sir, for your cooperation and help.
IS

Mr. Scinto?

16
MR. SCINTO: Right.

17
Are you packing up?

18
MR. PARLER: Off the record.

19 ,

(Discussion off the record.)
20

MR. PARLER: On the record.

21
BY MR. SCINTO:

() 22
Q Dr. Hanauer, my questions will be aimed in a

23
different direction. I am going to get into some detail into

24
Your personal participation in the Commission.'s response to theAm.Federet Reporters, loc.

25
Three Mile Island accident.

I

- ..
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1

mpb77 When were you personally informed that there was
2 an incident or an accident involving the Three Mile Island

3
facility?~

4'

A I don' t guess I remember. I'm going to consult my

5
log --

|
6t

i O Please do.

7
A -- of Three Mile Island, which has already been

E8
furnished to you. It's entitled "Three Mile Island Accident,

9
S. H. Hanauer, Log Book Number 1".

10 I knew about it on the 28th, but I don't remember

11
how I found out. And I did not participate actively in it

12
until a couple of days thereafter. On March 30th I was at an

13 ACRS Subcommittee meeting in Phoenix. Before I left on the 29th.
\

14 I called the incident center and talked to Mr. Case to get an

15 update as of that time because I knew the ACRS Subcommittee
16

would want to hear it.

17 I went.to Phoenix. I did my thing for the morning

18
of the 30th. At noon I received a telephone call from Mr.

19
Tedesco instructing me to return, which I did.

20 After some vicissitudes, I checked into the inci-

21 dent center at about 2 a.m. on the 31st of March.
() 22
' Q Fine.

There are two things I wanted to make clear:

24 e CoE se of de depos M on you may very we HnAce-Federd Reporters, Inc,

25
be referring to notes or documents. I'd like to make it clear

i
''l
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mpb78 at times when you're relying on the document for the informa-

2 tion and when the document is being used for your personal

3
recollection.

) 4
Most of my questions are going to be directed to

5
your personal recollection. And if you don't recall them,

6
you know, that's perfectly okay too. A lot of material that's

7 in documents we can find in the documents, and I don't need

to ask you to repeat material that's in a document. So what-

9 ever it is, make it as clear as you can, okay?

10 Okay.

11
So you've indicated that you had a brief telephone

12
conversation on the 30th with Mr. Case.

'
A 29th.

.

14
0 On the 29th.

15 That would be Thursday?

16
A Yes. That was not my first inkling of the accident,

17
but I was getting updated.

18
Q Your first inkling I'm now willing to go past.

It was an updating on the Thursday, the 29th,

20 before you left for Phoenix?

21 A Yes.

Q Was that early in the day or late in the day?-

23
A Noontime.

24
Ace Feder2 Reporters, Inc. -

*

25 Do you. recall the' gist of what Mr. Case told you

I

._ __
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'
mpb79 about the condition of tPA reactor, particularly the condition

2
of the core?

3
A Yes, and it's also on the incident center tape.

J I don't recall what terms we used; we discussed the sequence

5 of events that had happened on Wednesday, the activities of
6 the operating staff.

7 My recollection is -- and I'm quite clear about
8 this -- that it was clear to me that the core was substantially

9
damaged at that time.

10
Q Was it your impression from that phone call that

11 conditions then, on Thursday at noon, were generally stable?
12

A Yes, that was the impression I got. But neither

Mr. Case nor I, in talking it over, felt that we had reallys-

14
reached a stable situation.

15
Q By that last comment, you mean the long term

16
stable situation?

17
A No. The core was felt by the operators to be in a

stable situation. The primary coolant pump was running. The
.

19 temperatures were coming down. But we were uneasy about it.
,

20 We didn't feel there was any immediate -- we felt that it was

all right for'me to go to Phoenix, for example.:

(~\
1 22'' Q I'm trying to draw your recollection back to thats

23 conversation.at that time before you left for Phoenix.
24 ^ *

{ Ace Federal floporters, Inc.

25
Q Did you have in mind a picture of a core in which

t
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'

mpb80 there had been a significant amount of metal-water reaction?
2

What was in your mind?

3
A What was in my mind was a fairly unspecific picture

4
of a damaged core. I saw the gap activity pretty much out.

5 I don't remember whether I felt metal-water or not.
6

Q Now you indicated the reason you wanted to get
,

i

7 filled in on the current status on Thursday is you felt that

8 the ACRS Subcommittee that you were going to attend a meeting
9

of would want to know.

10
A Yes.

11
; Q Did you inform the ACRS Subcommittee?

12
A Yes, I did.

I3
Q And generally conveyed the picture vou conveyed

14
now?

15
A Yes. I discussed the sequence as we then under-

16
stood it, and the situation in the core as we then understood

17
it.

c
18

Q Anybody ask about significant generation of metal-
19 water reaction, a significant amount of metal-water reaction?
20

A I don't recall it, but it wasn't an important

21
^

thing that I would be likely to recall.

() 22
Q Fine. Okay.

23 .

I think you just testified you were called on i

24
Friday, the 30th --w.re.i n.,on.n, inc.

25
A Yes.

l

. . - . . --
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'
mpb81 Q -- and asked to return from Phoenix.'

2
A Yes.

3
Q Generally what was the gist of the information-

4 you received on the gnone call asking you to return?
S

A I got very little information, except that every-
,

!6' body was getting tired out. It looked as though it was going

to be a fairly long drawn-out thing and I was needed.
8

Q Okay.

A I remember Mr. Tedesco saying that we seem to

10
have releases at least comparable to TID releases in the

11
containment and maybe higher.

12
O Okay. ,

_

13 Now approximately what time was this phone call?
14

A About noon on Friday.

15
Q Okay.

16 In that conversation on Friday, do you recall being

'
informed that there was a very high activity primary coolant

18
sample taken?

.

19
A No, I don't recall that. The idea that everything

was very radioactive was clear, and as I just testified, we --
,

21 Mr. Tedesco told me that the activity in containment was very

I) 22\- high.

The sample I don't recall hearing about.

I 24

| A..rwns a.oma. w. Q You I believe just testified that you arrived back

25'

! in Bethesda at around 2 a.m.
I
i

t
''

.
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'
mpb82 A I arrived at the incident center almost exactly at

2
2 a.m. |

|
0 That was going to be my question, as where.

7,

k
4I A I went directly from the airporc.

I
-e

Q To the incident response center?
|,

I
6

i A Yes.
i

,

7
Q Okay.

8 Now when you got to the incident respc ase center

9 who was there?
.

10
A Oh, I don't have an organized recollection. People

1

11

|
came and went.

12 !
'

Q Do you recall who the senior fitaff people were?

( '
A I reported in the next few days to one of three

,

14
people who rotated. They were Don Davis, Darrell Eisenhut --

15
Q I think in your Presidential Commission deposition

| you mentioned Brian Grimes.

I7 A Yes, Brian Grimes.

Q Okay.
.

lo
I recognize that -- I'm trying to push your

'

20 memory --

21 A Mr. Case came and went, Mr. Gossick came and went,

- Commissioners came and went. I can't tell you was there at the

23
moment.

24
Q ' Fine. I am pushing your memory, and if you can't

.., %,,, w,

25
recall --

'[
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I

1
mpb83 A No, I really can't.

2 |Q Okay. Fine.

3i
- Now when you arrived at 2 a.m., did you then

undertake any duties?

5
A Yes.

6!
l Q Okay.

7 What were the duties, briefly described, you

8 undertook commencing about 2 a.m. on that Saturday morning?
9

A I'm now refreshing my memory from my notes taken
10

at that time. These are the notes which I mcde at that time.
11

The first thing I looked into was the radiation

12
of the reactor coolant pumps. We had gotten a note from

Os 13 Babcock and Wilcox that the main circulating pumps might have
14 a problem with the radiation resistence of the condensers. I

15 copied out of various references and organized the information
| 16 on the main circulating pumps and their components and the

17
radiation resistence.

I talked to Mr. Taylor of Babcock and Wilcox and
.

19 concluded that there was no immediate problem in spite of the
20 earlier message from Babcock and Wilcox, furthermore that if
21 we didn't shut the pumps down they Would continue to run even

m.
) 22 if the condensers went out, unless the condensers short-

23 circuited and clew the braker.
24 I then worked for a while with a group of people,

r

Ace.Federd Reporters, Inc.

25 whose names I didn't write down and no longer recall, on

| 1

L
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mpb84 questions related to how to burp the system of the hydrogen

49 bubble then thought to be in the system. And I wrote down

some things which were being considered and listed a long listc.

4 of cor.cingencies that had been considered.
5 It became clear fairly quickly that a whole lot of

6 good people had been working on that problem for quite a long

time and that I was not making any contribution to it.

8
Q Before you took on the work in connection with the

9 reactor coolant pumps, which you indicated was a first activity,
10 were you briefed on the condition of the system and the core at
11

that time before you undertook the work?

12
A No, except in the most cursory way.

- Q Okay, fine.

If you can recall from that gathering of informa--

15 tion, did you then have a mental picture of the condition of
16

the core before you started to work on reactor coolant pumps?

17
A Not anything significant, except that I do recall

looking at maps of thermocouples and looking at some curve
.

19 somebody had plotted on some trends, and the temperatures were
20 quite high but they were coming down.
21

Q About how long - .about when did you complete

your work and reach your conclusion that the pumps -- that'

23 there was no immediate problem with respect to the pumps?
24

A I don't have that time noted. It didn't take very
4 .p.e.,.i n n.,,, ine,

25
long.

|
1

-

.

. . .
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!

|
-

I I
mpb85 0 Early morning Saturday? -

2
A Early Saturday morning, because I worked on some

3
other things too. .m

] \
i

4
0 Okay. |

5 Before you started working cit the matter of burping
6!

|
the system of the hydrogen, I assume that you had been told

7 that there was a big bubble of hydrogen?

8
A Yes.

9
Q Generally what was the gist of what you were told

,

10
about the hydrogen in the system?

11
A Well, I have no notes on this. I'm working from

12
recollection.

() 13 I was told that measurements of pressure and
.

14 volume chowed an elasticity of the system which indicated thati

15 there was a bubble in the system and that this was thought to
16

be in one or more of the following locations: the reactor

17 vessel head, the top of the candy canes, and perhaps in the
~

reactor coolant pumps, although that's not as clear in my
.

19 recollection, and, of course, in the pressurizer, which was
.

20
known.

21 And I discussed with a group that was working

() 22( continuously on the problem how these were being measured.
23 And at various times it was described as a gas bubble or a
24

steam bubble.| Ace-Federal Reporters, Inc.

25 There was some indistinctness abcut what was in the

i

_ _ _ _ _ _ _ _ _ _ _ _ ___
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I
mpb86 bubble, but the word " hydrogen" was pretty generally used.

2
Q Can you recall the leaders, the group leaders or

some of the people working on this project who did perform ;

73 |(_) 4 jthis?

5 A I vaguely recollect that Warren Minners was in the
1

6' I
{ middle of this, and others who I don't distinguish any more. ,

.

'

i
7

O Were you specifically informed or told about the !

8 recommendations earlier on that day, Friday, by members of the

9 Commission Staff and by the Commission concerning evacuation

10
of the general area around Harrisburg? Were you informed of

11
that about that time when you first started to work?

-

1
A I don't know. I've seen too many versions of it

' since to know when I was informed.
14

Q Thank you. That's important to identify and that's

15
exactly what we do in these cases. Okay.

16 I'd like to proceed a little bit further on

17
Saturday. You said you started to work about 2 a.m.

18 How long did you work on Saturday? When did you

lo'
leave, if at all?

<

20
A My recollection is that I worked until about noon.

21
I don't have a note.

m
k-) Q And then what? Did you leave?'

23
A Then I went home and slept,

24
t 'O Okay.4.,m %,, %,

25
j Did you return on Saturday?
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'
mpb87 A Yes, I came back Saturday night at 10:55,

2
O Okay.

I now want to deal with the portion of the time in-

4'

the morning and.not the evening work. I'll come to the evening

5
in a moment.j

6! We talked about, in that morning period of time,

7 from the time you arrived until the time you left you worked
8 on the question of the reactor coolant pumps, about burping

i

9
the system. What other projects?

,

10
A I worked on lead bricks.

11
Q What about lead bricks?

12
A I got a request from the site to please find them

/~T 1\/ a lot of lead bricks to shield the recombiners. I called

14 Naval reactors and Mr. Broadsky looked into it and called me
15 back and told me, correctly, that he had found what he

16 described as an " acre of lead bricks" 20 miles from the site.
17 And he had trucks loading up these lead bricks and he wanted to

know where they wanted them arranged, where the lead bricks
.

19 should be delivered.
20 But in the meantime there was some bureaucrat in
21 GSA who was in charge of these lead bricks, and he wanted to

_ talk to us. So I called Mr. Mitchell in.the GSA. They were

23 part of the national strategic stockpile of lead bricks, and
24 he said he wouldn't release them except on the word of the

Aco-Federof Reporters, Inc.

2S
-- quote - " Federal official in charge", who he identified

I
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I
mpb88 as the regional director of the Federal Disaster Assistance

2
Administration.

i
3 '

! In the meanwhile, Broadsky's trucks and drivers
(-

4 had in fact loaded up some 60 tons of these bricks and trans-
5

ported them to the site. But I was careful not to tell him
,

6!
this. So we got the bureaucratic affair straightened out

7 after some dozen or so telephone calls.

8
Q Did you pursue the rest of it through the way of ---

9
A I pursued the rest of it and finally at one point

10 gava up and got whoever was in charge of the incident center at
11 that time to pursuade whoever was on the other end of the
12

White House line to give Mr. Mitchell a call, after which

(] 13
' the problem went away.

14 It furnished some amusement in the long night.

15
THE WITNESS: Off the record.

16 (Discussion off the record.)
17

MR. SCINTO: On the record.
c

18
THE WITNESS: Continuing the answer to the ques-

19 tion, I must have done some other things that morning, but I
20 made no notes and have no recollection.
21

MR. SCINTO: Okay.
,

/'_T
i
() 22'

BY MR. SCINTO:

23
Q Do you recall at any time in the morning period

24i

f Ace-Federd Reporters, Inc,
being informed of or otherwise being aware that there was a

25 concern about a potential generation of oxygen in the primary

i
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,

1

mpb89 system?

2
A My recollection is that I didn't know much about |

3 oxygen until that evening, but this is very indistinct c.nd Igs
4

could have found out about it that morning.

S
Q You don't have a present recollection of that?

I

6!
! A No, I don' t. I was only at the edge of the oxygen
[

7'
question.

8
O So that morning you weren't working on oxygen?

9
A No.

10
Q Right. Fine.

11 c. When did you personally become aware that the
12 hydro.un recombiners were not installed on TMI Unit l? |

0 13
A On TMI Unit l? -

-

14
Q Oh, sorry, sorry; TMI Unit 2.

15
A I knew about that quite early, that they were

16 going to couple them up in an hour, and then they were going
17 to couple them up later, and then they were going to couple

c
18

them up... And for several days all we heard about was when ]
19 in the near future we were going to get those combiners coupled
20

|
up and turned on.

I 21
Q In view of your personal rather long background

() 22 in the regulatory process, in which there was some association
23 with recommendations that hydrogen, post-LOCA hydrogen control
24 in Containment be a problem to be focused on -- I think, for

Ace FederW Reporters, Inc.

25 example, this morning in connection with Mr. Parler's portion
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I
mpb90 of this deposition you referred to a letter which you had

i
1 written as chairr.an of the ACRS in connection with Three Mile I

i

Island suggesting that there be some hydrogen -- some facility f
O. 1

4 for hydrogen, post-LOCA hydrogen control.
5 Did that surprise you to find, when you started to

,

6 work on Three Mile Island 2, the response at the incident

7 that the hydrogen recombiners had not been installed in this
0 unit?

9
i A No. The theory of the hydrogen recombiners was

10 that they were too slow to work on the early puff of hydrogen
11 calculated to occur in the loss of coolant accident, which was,

12 of course, below the flammability limit. And in those plants

'

13 where it wasn't, they had to be inerted.

14 The theory of the hydrogen recombiners was that
15 there were a lot of days available in which to hook them up

16 and what they needed to be was onsite or immediately available
17 for coupling up in a time short, compared to a few days. So

18 I wasn't the least bit surprised.

19 Furthermore by that time we had a containment

20 sample that had a modest amount of hydrogen in it, and the;

calculations were that we had plenty of-time.

I'
| ''Y 22

Q Okay.

i
Now I'd like to go to Saturday evening after you

24
*

! Ace Federd Reporters, Inc,

25
A Yes.

I
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4

'
mpb91 Q Now did you undertake any activity Saturday

2
evening?

3
A Saturday night, the whole night from when I came

in until the next day about two o' clock I was in charge of a

task force to develop criteria for evacuation. There's a lot
i

6 about this in my deposition to the Kennedy Commission.'

7
0 Who assigned you this responsibility?

A Dr. Mattson, M-a-t-t-s-o-n.

9
Q Basically what was the gist of what he told you

10
he wanted you to do?

11
A I'm working both from my recollection and from my

12
notes.

O 13
0 Okay.

14
A He told me that what was desired was the criteria

15 for evacuation in the form of a table in which one would have
16

decision criteria, namely if certain conditions obtained or

.
17 certain events occurred who would decide how much warning time1

we would have and what should be done.
19

Q Now were you informed at that time or at any time
20 that those criteria might be a matter to be used by one or more

21
Commissioners?

() 22
A Oh, yes. Commissioner Gilinsky's name was used.

23
Q Okay.

24 Now how did you accomplish this task? Did you
[ Ace-Federd Reporters, Inc.

25
form a group?

h I
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mpb92 A Yes, we formed a group. We looked briefly at the

2 kinds of people we needed, and I asked Dr. Buhl, B-u-h-1, to

3 come in and work with me on it, which he did. We then assembled
t

4 a group which at various times during the night had between
5

four and eight people.

6' We divided -- I have here one list, nine people

7
| plus Dr. Buhl and me and others who were involved during the

8 night, although not everybody at once. We divided the job

9 into -- I don't know how much of this you want -' we divided

10
the job into --

11

j Q As much as you recall.

12
A -- engineering problems and dose problems. That

h I3 is to say, the engineers considered what are the possibilities
14 of what would happen in the plant and what kind of releases
15 would this give, and the dose people translated these releases
16 into doses on which we would judge what to recommend on -- in

i

17
the way of evacuation.

Dr. Mattson also wanted us to consider developing

19 ' a list of things in which we might consider recommending
20 evacuation before some particularly hazardous operation. His

21 example was if we decide we have to turn on the RHR and
() 22 circulate the primary fluid outside containment, we might

23 consider -- we should consider whether we should evacuate
24 People before we do that as a precaution.| Ace Feder'J Reporters, Inc.

I 25
! We'then, in the course of the evening, we also

i

__
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1

mpb93 decided to -- thought about developing -- we didn't do all

2
these things -- about developing a list of things not to do

t 3
f- unless you absolutely have to. If the weather is bad --

(- 4
weather bad in this case meaning dispersion is poor -- the

5 things which if you decide to do them you take precautions
6 first, things people oughtL to be doing right now. For example,

firing up the auxiliary boiler for aux feedwater, decid ng
,

8
what to do with the spare recombiner.

9 I guess when I wrote that down I didn't realize
10

that the recombiner still wasn't running. This was an on-

11
again, off-again proposition for several days.

I

12
I And finally, the bottom line: What should they1

(3 13
s/ do if they thing the core has melted or is about to melt, and

14
how would you find out.

15
We then divided our people up to study these

16
various alternatives. At one point some people tri'ad to start

17 some calculations on fault trees and event treer ket as might

18 9be predicted, that never got anywhere in the time we nad
19

available to us.

! 20

|
We considered the weather possibilities, what the

21 weather was then, what the forecast was, what the possibilities

([] 22 We considered some options for modes of evacuation,were.

23 should it be everybody within a certain distance or should we
24 try and specify some particular direction, everybody who'. livesAerenanwerws.is,

25
northeast of the plant should move.

|

|



171

Impb94 Our decisions in this were later changed by the

2 Commission, who had been talking to the people in Pennsylvania
3

abcut what was practicable. I then have various results ofg~
\~)) 4 fragmentary calculations about ' suppose this happened, what

5 weud the release be, what would the doses be' .

6 We then produced a draft document which has been

7
furnished. My notes get more and more fragmentary. We then

8 produced a draft document which has been furnished, which has
9

a bunch of attachments to it.

10
Q Dr. Hanauer, I'm about to show you a document

11
which seems to be a compilation of a number of documents. It

12 has a total -- I have counted a total of 23 pages, even though

I ') * 13
N' they're not numbered. They have been previously identified to

14 a member of the study group -- the Special Inquiry Group, at

15 least the first seven pages of which were provided by one of

16 the Commissioners to the people of the State of Pennsylvania
17

on Sunday, April 1st, at least the first seven pages.

18 I'm wondering whether you can help me identify
19

various other portions of this thing.

20
A There were two papers, there was an earlier draft |

21 which was provided to Commissioner Gilinsky, and slightly )

() 22 later Commissioner Ahearne, and Commissioner Kennedy came in

23
a little later. Chairman Hendrie, as I recall, was already at

I 24
the site.| Am Federd Reporters, Inc.

'

25 |Who did I leave out?
|

I

|.

_. ,
1
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Impb95 Q Bradford?

2
A Commissioner Bradford came in somewhat after

3 Commissioner Gilinsky, with the others.

. 4 This document you handed me is in fact a hodge-

5 podge of these two or three documents, of which I may or may

6 not have adequate copies.

7 MR. SCINTO: I'm going to take the opportunity

0 right now to ask the Reporter to mark this document with the

9 next number in the sequence.

10 (Whereupon, the document

11
referred to was marked as

12 Exhibit number .1148 for

( identification.)
,

14 THE WITNESS: What you have is in fact the second

15 document which was produced, the fir.m one being an earlier

16
draft which didn't go anywhere. Bu't you have it combined with

17
a -- all right.

18 The document you handed me -- I don't know if you
.

19
want to mark it or not.

20 MR. SCINTO: It's been marked. I marked it in the

21 interim while you were looking.
|fs(-) THE WITNESS: What's its number?
l

MR. SCINTO: 1148.

24
THE WITNESS: 1148.

. , , ,,,

25 This document was, as corrected from an initial

i
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1

mpb96 document after discussion with the Commissioners and
2 Mr. Grimes and Mr. Murphy, who made major contributions toward
3

- the last, in making some sense out of a not very coherent
-

u/ 4 first draft, and indeed these seven pages went to Pennsylvania.
5 The rest of this document -- in fact, the first

6 three pages of it are marks by me on the three pages of what
7

went to Pennsylvania. Commissioner Gilinsky asked me -- left

8 a copy of this for me and asked for my comments, wtich I gave
9

him.

10
So the eighth, nineth and tenth pages are my

11
recommended pages in what went to Pennsylvania, or at least

12
in what he left for me. I don't know if they went to

() 13
Pennsylvania or not.

14
The tenth through 21st pages are some of the

15 earlier work which was used as a backup to explain the work
16

that's in the front. And so what you have is rather a

17 composite of three documents on the same subject, and there's

some considerable overlap.

19
MR. SCINTO: Fine. Thank you for the help. That

20
does help a lot in sorting this out.

21
THE WITNESS: In working out the last answer, I

consulted some other of my notes, which is a notebook containin,g
23 a large number of documents that came to hand during the
24

accident and which has also been furnished.% .p e n o n.,,,inc,

25
MR. SCINTO: We've marked this document. I will

I
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,

mpb97 ask a couple of questions about it. But I'd like to make clear

2
I'm not really asking you for what the document says. It says

3
whatever it says.

4
THE WITNESS: Yes, it does.

5 MR. SCINTO: There are some things in there that

6 I want to ask you about in connection with what you knew or
7 what information you received and your work on it. I use the

8 document as a reference for that purpose.

9 But if they are not things that you are familiar

10
with, just say you don't recall that or something, it'c

11
something you're not familiar with. Okay.

12
BY MR. SCINTO:

() 13
0 Among the things in this document, toward the end

14
of the document is a page that I have marked on the lower

15
left-hand side with the letter T.

J

16
A I have it.

i

17
Q It indicates there was some thought for the potential

for a hydrogen explosion in the reactor pressure vessel. That's
.

19
what it indicates.

20
A By this time that was a hot topic.

21
Q That was my question.

() 22
A This was a hot topic. During the course of this'

'

23 night there were heated and lengthy discussions among a lot
24 of people which I was on the fringes of, in general, in pursuing

| Ace-Federd Reporters, Inc.
; 25 my appointed task about the hydrogen explosion potential in thel

,

L

, I



__

175

'
mpb98 reactor pressure vessel.

2 I remember at one point during this period -- I

3 can' t tell you exactly when -- I stopped what I was doing and
N~

'

s looked up some hydrogen solubilities. But I can't tell you

5
when that was.

6
Q That was hydrogen solubilities?

7 We were still trying to get the hydrogenA Yes.

8 out of the bubble by using differential solubility techniques.
9 I remember discussions of the possible trigger

10 mechanisms for a detonation. I remember discussions of the
!! pressures that might result if a hydrogen bubble of a certain
12 size exploded in the reactor vessel or if a hydrogen bubble

( of a certain size burned without explosion in the reactor

14
vessel.

i 15 This was going on essentially the entire night
16

while I was working on evacuation. I have, for example, a

17 note toward the end of my notes on that night:

18 (" Hydrogen mixture in explosive range."
19 That is one of the conditions which would require

| 20 consideration of evacuation.
21 ~That was a note that indicates one of the thingsQ

7 *

k-)l you wanted to do, rather than a note of it was in that condition?
. 23

|
A No, no, that's not what it means.

24
O Okay.

Ace-redero n.conm, rne.

25 Do you have any recollection -- strike that. I

i-
,

t

__
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1

1

mpb99 would like to phrase that differently.

2 From what fou've described, then, it does not
3 appear that by that time of the evening on Saturday there had

,,

k_/ 4
been a significant diminution in concern?

5
A I think it depended on whom you talked to.

6
Q Fine.

7
A And I can't put names to this any more, but there

8
was a spectrum of opinion. Some people were very concerned

9 based on the information they had. People were on the

10 phone all over the offices all over that building with all
11 kinds of experts of various aspects of the problem.
12 I cannot give a connected account of what people

3 13 thought at various times during the evening. ,

14
Q But you do recall discussions relating to possible

15
ignition sources?

16 !

A Yes.
.

17
Q It was not -- from uhat you can recall of those

18 Cdiscussions, would you have gotten -- was it your general
<

19 impression that there was in general in the people working on
20 the problem in that evening little concern?
21;

A Oh, no. There was a spectrum of concern, but a

22 lot of pecple were very concernc3.x

23
Q No, there was little concern about the potential

24
! 4e.4.o.e n.pon.n, is for sources of ignition? ,

25
A No, that's not true. There was at least one person

b
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Impbl00 on the phone a lot -- you understand, I was in and out --

2 Q Right.

3 A -- on the phone a lot with people about whz.t could

' 4 be the ignition sources. And I remember he talked to somebody

5 who understands such things, and they were talking about mole-

6|I cules of liquid jumping into the gas from thermal agitation and
i

7 forming hot little centers which could be sources of ignition.

8 Q I know you said you couldn't indicate -- you couldn' t

9 identify names in your mind, but perhaps this might refresh your

10 recollection.

II We've had some testimony in some of our depositions

12 identifying that kind of a concern associated with Dr. Budnitz.

O ' ^ vee twee aere 1 aeera it- aue the ai cu 1o==r

Id were more general than that. He was just,-if'I understood 0it'u,

15 the one who had gotten that particular message from somebody

16 who was supposed to know.

37 Q Okay.

18 CIf you recall, do you recall any discussions

39 concerning the potential for hydrogen recombination resulting

20 in a situation where there was no need at all to be concerned?

2I A Not that night, I don!t.

22 Q Okayj fine.

23 And I again am pressing your recollection for that.

24 A That's right.
Ace Federal Reporters, Inc.

25
Q Right.

,
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Impbl01 A Our paper would have been q6ite dif ferent if that

had been a significant thought.

3
f3 Q Fine.

U
' This document, again directing your attention to

5
page T, in the lower left-hand corner indicates that:

6 "A rough analysis indicates that the

7 pressure vessel would not rupture with detona-

8 tion of the hydrogen bubble."

9 I believe that is a correct characterization.
10 Do you recall where this information came from?
11

A No, I don't. And I have seen information since
12 that's contrary to that, that the pressure which probably

() 13
wouldn' t rupture the vessel comes from burning rather than

14
detonation. 7 aat was the best information at the time, and I

15
don't know where it came from.

16
Q All right, okay.

17
Another sentence is:

"The postulation of the core
1

19
response is difficult."

20 |
Do you recall that evening a concern that the core ;

21
might be so fragile that it would be detrimental, perhaps, to

) 22
start a second reactor coolant pump?

23
A Yes, I do recall that.

24
~~

Ace-Federd Reporters, Inc.

25
A I'm not sure it Was that evening.

,

,,
,
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,

Impbl02 Q Okay, all right. Fine.

2 No matter when it was, if that was the fragility

3 of the core that there was a concern about, if people were

4 concerned it might be that fragile -- I guess I'm having

5 trouble identifying how they thought the core would respond

6 to the kinds of events that would be associated with either
7 burning or explosion.

8 A Well, burnir~ does not necessarily disrupt even a

9 fragile core. If the core were that fragile then detonation
,

10
| would break it up. So that we -- at least we weren't thinking

about it when we wrote that sentence. That's all I can say at

12 this tire.

13 g . Fine.

Id I'm trying to get your recollection of that time.

15 I'd like to direct your attention to a page that I

16 have marked on the lower left corner with an H. It has on it

17 on the top a note which appears to be a note from you to

18 Commissioner Gilinsky.

I9 I'd like . to refer on that page to an . event in the

20 event series, an event characterized as "depressurization". In

2I that event in postulating the various responses that might occur

22 with respect to that event, was this now a picture of depressuriz-

23 ing that core with a very large hydrogen bubble in the head,

24 the reactor vessel head?
Ace-Federal Reporters, Inc.

25 A No. They thought there was -- that suppose we
.

---
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Impbl03 decide or are forced to depressurize the system to go on RHR,

2 but clearly we were not thinking about the depressurization
~ 3 would uncover the core, because the expected plant responses

#
are not consistent with that.

5 0 on this table, a similar table, a table very similar

6 that was used in the first seven pages, on this table there is

7 a column described as " Warning Time".

8 Do you recall what the people that prepared the
9 table, if you participated in the preparation of the table,

10 had in mind by the concept of " Warning Time"?
11

A This is the time between when you knew you had

12 trouble and when doses would start to get to people.

0
N^/ 3

0 Okay, fine.

14
A Now that's from a lot of recollection, and it may

15 be -- I don' t know whether there's an allowance for the trans-
16 port of the material outside or whether this is the amount of
17 time until you ought to start evacuating; I don't think so. I

8 think I described it correctly at first.

19
Q Okay.

20 One of the things that I don't mind repeatedly

21 making clear is that I am intending to push your memory.
es
(s_]T 22 A Yes..

23
Q I would like to turn to the next page in this

! 24
| Ace fWerW Reconm, inc,

nnection, that same column. There is e distinction in

25 warning time between a sequence of events leading to core melt,
1

|
I

,

i
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f

1 one in which containment integrity is maintained and one in
upbl04

2 which containment integrity is breached. There is a different

3f warning time in those events where containment intergity is
,

!, )
'"' 4 likely to be maintained of four hours, and a warning time in

5 those events in'which containment integrity is expected to be
i

6' breached of 24 hours.

7| I'm trying to understand that distinction- Does
i

8f that suggest that there is a 20 hour warning time between the
!

9f time you can distinguish between an event which is going to
:

10 | maintain containment integrity and one which is going to breach
|

II i t?
I

I2 | A No. What was meant was this:
P.(,j I3 Remember, the initiating event is the sequence

14 leading to core melt. The sequence tells us that some -- no,

15 I'm sorry, I'll start over again.

16 The Reactor Safety Study tells us that all core

17 melts breach containment, some very quickly and some very

18 slowly, and in a rather benign way. By this time the reactor o

19 had been shut down for four days, and so the probability of

20 containment breaching was much lower than in the Safety Study.

2I The point here was that if the containment was

22 going to breach it would take it about 24 hours, and so the

23 situation would, even if containment was going to breach,

24 degenerate from the top line to the bottom line, and that
Lee Federal Reporters, Inc.

25 there would be of the order of 24 hours' warning if the

I )
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|

'mpbl05 containment was going to breach, so that you would have four
2 hours ' warning for the smaller evacuation and 24 hours ' warn-
3

ing if you had to go to the larger evacuation, at least so I

4
ku9 reconstruct it.

5
Q Now --

i

i6' Now let me note something on this same page.A

7
Q Sure.

O A The next role of discussion relates to hydrogen

9 explosion inside the reactor vessel, and my notes of April 2nd
10

show a different perception of what the risk was for hydrogen

11 explosions or flames inside the reactor vessel, and show a much
| 12

lower perception of risk.

( >b 13N- Q When you refer to your notes of A6ril 2nd, what

14
are you referring to?

15
A The handwritten notes which were part of my trans-

16
mittal to Commissioner Gilinsky, on the page marked I.

17
Q Right.

d
18 The reason I ask is I had misread that as April 1st,

,

19
Thank you for making that correction. All right.

20 Now the mechanism for breach of containment postulat- |
,

ed in the sequence we were just talking about, what was that
,_s

k) 22
t/ mechanism? Was that a detonation of hydrogen in containment?

23
A Oh, no, it was a melt-through. By that time the

24 .

Ace Federd Reporters, Inc. y ogen h Containment, de Concen dation Was q M e low, not
1

25 even in the flamnable range, presumably because of the oxidation I
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Impb106 incident that took place the first day.

2| Q Okay.

3 I' d like to direct your attention to a portion ofrx
L. ,>u 4 this document, to the page that I have marked Q. There appears

5 to be two events described in a time sequence, one in which

6' the containment survives and one in which the containment

fails. There are different assumptions for these events, and

0 I think that they conclude with the significance of the sprays

9| and coolers, and some reference to hydrogen being combined or
i

10 otherwise removed from containment.
11

Actually I'd like to direct your attention to the

12
line that reads:

'

| " Containment survives." It's underlined.

14 "(Failure assumed 2300 psi)"

15
Now do you recall this?

16
A Not very well, but I'm rebuilding it in my mind

17
from these notes.

'

Q Okay, fine.

19 And if I'm asking questions that you don't have a

20 recollection of at that time, you know, stop. There's no use... ,.

21 We have, as you've pointed out before, we have

9 22 a significant quantity of post-accident recollections or post-

23
accident --

24
A Yes, it's important to try to avoid contamination.

I Ace FederJ Repo,ters, Inc.

25
Q Yes, that's what we'd like to try to do. We have
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mpbl07 a lot o f thos e . We have a lot of documents, we have a lot of

2 depositions, we have depositions from people taken later.
I

g j What I'm doing at this time is pushing your memory
,/'

#''
for those evenings .

5 A Yes.
I

6
Q Okay.

7 With the concept that containment failure was

8' assumed to occur at 130 psi, was that concept directed

9i
; principally at the massive structure of containment, or was
I

10 '1 that concept equally applicable to other parts of the contain-
11

ment boundary penetrations, particularly I'm thinking of the

12 i
large vent openings, the purge openings and vent openings.i

n
kJ A I don' t know.

14
0 Okay.

15
A It's a number which was derived by the Safety Study

16 people who were working with me, Joe Murphy, Roger Blond, and

Tony Buhl. I don' t know where they got it. I may have known

then, but probably not. And I don' t know whether they included

19
that or not. Joe Murphy would be the person to ask if you real].y

20
want to know.

21
Q Righ t.

# 22
MR. SCINTO: Off the record, please.

23
(Discussion off the record.)

24
(Whereupon, at 4:50 p.m., the deposition in the

Ace Feder-) Reporters, Inc.
above-entitled matter was adjourned, to reconvene at

25
9:00 a.m., the following day.)

|

|
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Biographical Sketch
-

STEPHE?( HANAUER
'-
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1979- U.S. Nuclear Regulatory Comission
present Director, Unresolved Safety Issues Program

Supervision of 20 task groups effecting the generic resciation
of the most important and urgent reactor safety issues.

1978-79 U.S. Nuclear Regulatory Ccmission
Assistant Director for Plant Systems -

Division of Systems Safety

Directing three branches (Instrumentation and Control Systems
Branch, Power Systems Branch, Auxiliary Systems Branch) in safety
reviews of CP and OL license applications.

1970-78 U.S. Nuclear Regulatory Comission
Technical Advisor to the Executive Director for Operations

Principal staff advisor to agency executive officer, primarily
on technical safety issues.

1965-70 Professor of Nuclear Engineering, The University of Tennessee
\-

Undergraduate and graduate instruction; supervision of Master's
theses and doctoral dissertations; research in theoretical and
experimental reactor technology.

I 1950-65 Physicist and Development Engineer, Physics Division and Instru-
'

mentation and Controls Division, Oak Ridge National Lab

Development of reactor instrument systems and components; design,
installation, and operation of instrumentation and control systems
in a dozen Oak Ridge reactors; research in reactor noise analysis;
reactor safety considerations.

1965-70 U.S. Atomic Energy Comission, Advisory Comittee on Reactor
iSafeguards. Vite Chairman - 1968; Chairman - 1969

Statutory technical comittee reviewing license applications and
other safety matters.

i
-

1962-78 International Electrotechnical Comission, Chairman, Subccmmittee
45A, Reactor Instrumentation.

!
1962-present Member, American National Standards Institute, Comittee Na2, '

Nuclear Instrumentation.

Born March 6,1s27
Sachelor's and Master's Degrees in Electrical Engineering, ;

Purdue University
Ph.D. in Physics, University of Tennessee
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Septed er 6, 1979'

In Reply Refer to:
NTFTM 79090602

Dr. Stephen !!. Ihnauer, Ar.sistent Director
for Plent Syntews

Elvision of Syntenn Safcty
Office of Nuclear React'or Ecgalation
U.S. Nuclear P.egulatory Cunnission
Unshington, D.C. 20555

Dear Dr. ilanauer:
#I an vriting to confirn that your deposition under oath in connection with

the cccident at Three Mile Island is :.cheduled fcr Septceber 25, 1979 ct 9:00
a.u., in I' coa P-322, Phillips Eu llding. This vill also confirn ry request

for you to have your renune and nay docuuent e in your posseccion or control
retarding T!'I-2, the accident or precursor c.ents which you have reason to
believe nay not be in official URC files, including any diary or personal
vorhing file.

The deposition will be conducted by rmberc of the NRC's Special Inquiry
Group on Three Mile island. 'Ihis Group is being directed independently of
the ICC by the lav firn of Rogovin, Stern and licy. It includes both ICC
perconnel who have been detailed to the Spccia.1 Inquiry Fraff, nnd outside
staff and attorneys. Through'a dele;ntion of euthority fran the llRC under
Section 161(c) of the Atonic Energy /,ct of 1954, as acended, the Special
Inquiry Group has a brond ncadate to inquire into the causen of the recident
at Three Mile Island, to identify nsjor proble erean cnd to take reconvenda-
tions for change. At the conclucion of its 1avustigat1on, the Group vill
icsue a detailed public report setting forth its findingc and reconnendations.

Unless you have been cerved with a cubpoena, ycur participation in the deposi-
tion is voluntary and there will Ec no effect on you if you decline to ancuer
none or all of the questiona asked you. Ho.ever, the Special Inquiry has
been given the power to cubpocun witnecces tc appear and testify under oath,
or to appear and produce docunents, or both, at any designated place. Any
perron deposed r.ay have an attorney present or any other person he viches
accompany hin at the deposition ac L1c representstive. The Oftice of the
Cencral Counsel of IEC has adviced us that it is villing to send an MRC

attormey to all depositicus of MRC coplcyecc who vill reprcacnt you as an
individual rather than reprecent URC. Since the NRC attorney nay attend only
at your affirnative rec;ucst, you should notify Richard !bliory (634-3224) in
the Office of the General Counsel as coun as practicabic if you wish to have
an !aC attorney present.

You should realize that while vc vill try to respect any requests for con-
fidentiality in connection with the publication of our report, uc can nake no

; guarantees. Uancs of witnesses and the inferration they provide riay eventually
! becone public, inac uch as the entire record of the Special Inquiry Crcup'c
|

the { C for whatever uscc it r.nv deen
' estigation vill b2 cade avail ele to

L
I

o t * * c E f. . . . . . . . . . . . . + ** *
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appropriate. In time, this infc>rnation nay be unde available to tha publfe
volunt'arily, or become available to the public through the Freedom of
Information-Act. !!orcover, other departments and agencies of novernment n::y
request access to this inforcation pursuant to the Privacy Act of 1974. The

infornation may also be cade available in whole or in part to concittees or
cubco=tittecs of the U.S. Congress.

If you have testified previously with respect to the Threc !Ille Island
accident, it would be useful if you could revieu any tranceripts of your
previous statement (s) prior to the depositior..

Thank you for your cooperation.

Sincerely,
'

-

_
_ _ - . . -

).

A
liitchell Rogovin, Director
URC/TMI Special Inquiry Group

.

DISTRIP'ITION
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IfD'071.NDLH POR: Uillian Parier

FRO:!: E. Kevin Cornell, Staff Director

SUBJECT: DELECATION OF AUT1!ORITY TO ADMINISTER OATHS

You are hereby delegated the Comission's Authority to administer oaths for
the purpose of taking the deposition of:

Dr. Stephen H. 1!annuer, Roon P-822, Phillips Euilding
- Dr. Denwood Ross, Roon 6715, Maryland National tank Building

during the period Septenbcr 25-20, 1979, in connection vith the Commission's
investigation of the accident at Threc lille Is1cnd, Unit 2. This authority

is provided to the Cousission by Section 161c of the Atecic Energy Act of
1954, nn amended, and has beca delegated to ne via the enclosed ::enorandum
f r em the Chair:en of the Co=ainsion. 1 o further delegation of this

authority is pernitted,

" - .(Sic:v.dj I,1:evin Co: . ell
j

C
' 5 7?
Date E. Eevin Cornell

Statf Director
ICC/TMI Special Inquiry Croup

Enclosure:
Delegation of Authority acno

fu Chaircan Hendrie

,.

) .

- nth 1

orncc h .D 9.I. N8C/TM1 ). .4 RC8''d'. .NRC/TMI .
! 9/n |

sunw.chfr:Pa cc:kr:mc. . .PNor r@ | .RD6:cang. EKCa; tfie']E .. .

,. .

ouc . . .. .. 9//)/79 9/(/79 9/ ' /'/9~9/g 79 -
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-

e
. p( U:n ico Gro r.s m owc ra mcy cow.u sicN y / h

hh M8s.w a nte a o n. o.c.

July 17, 1969

lionorable G1cun T. Maborg
Cha *.rru n
U. S. Ato.nic Ener ;y Comission
Washington, D. C. 20545

Subject: 1EPORT ON T !imC ITILE ISUd:D GUCU;AR STATION UNIT 2

Dea r Dr. Seatiorg:

At its 111th nacting, July 10-12, 1969, the Advisory Comittee on Reactor
Safogoneds reviewed t.ha ir.:oposal of the l'atropolitan Edison Co.upany and the
Jersey Cent ral Power and Light Company to cerstruct Unit 2 at the Threc !!ila
Island Nuclear Station. A Subcom ittee also nct to review this project on
June 26, 1969. Doring its revi.:w, the Cemittee had the benefit 01 discua-
sions with reprt. nta t ive.s and consultante of both applicante, the Babcock |

and Wilcox Ccapany, T.utus and Roa, Inc., Ccneral Public Utilitiec Corp.,
(i aad the EC Regulatory Staff. The Comittec also had available the docu-
V rents listed below.

The plant will bc }& ated ljacent t.o Unit 1 on Three 1111e Island usar the
cast shore of the Su ;qunhrnna River, abcut 10 niles southeast of I!arrisburg,
Pe nnsy lv.:n ia . The nuclear stean supply syctem, engineered safety features,
reactor building, and aircra f t hardening protection are similar to those of
Unit 1, noted in our January 17, 1963, and April 12, 1963, reports. Unit 2 .

|will be o;u rated at a pouer 1cvel of 2/ S2 Flit.i

Rcview of Unit 2 has tcken into account the sinilaritics of the Three Mile
Island units, new features, updating of the research and davalop.nent progrers,
and further evaluations of the situ. The review also included natters previ-
ously identifi.ed that warrant careful consideration for all large , water-
cooled power reactora; the Cemittee believes that resolution of these matters
should apply equally to this reactor.

The cut bate of probable maxismtm flood discharge in the Susquehanna River
at the site is being revised upwards by the U. S. Army Corps of Engineers
and uill ha larger than had been coasidered in the design of Unit 1. The

applicant has stated t. hat both units vill be protected by censures which
would act.ure a safe, orderly shutdown of the reactors in the event of the
maxImtra flood. ,

C
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(f Y -2- July 17, 190
% !!onorable Glenn T. Sanborg

-The applicent has conducted a test proc.nca in support of his proposal to grout
the strand 2d tendon , for thn ccatainmnt prestressing systca. The Co:.aittec
believes that o.lequarc gumting can be att ained through proper and careful
execution of the procedure- daveloped in this progrcm. The applicant has1174 ot design pressure to
proposed a progr, n of pertWe proof torting atcontain . ut, which has been designed conserva-monitor the integr'ty of th:
tively to ebviate iniy udvene ef fects of repeated proof testing at this highsuch a p mcr a , involving i.ansurc:.mntwittee ha!Iu zas thatpressure. The C: h inspectica for cracking of the concrete duringof deformations and tharcn.3
each proof test, will provid.' censonable assurance of the continued integrity
of the containcant .

Further review is nece ,ary of the rcoarch and development being coupleted
for the alkalina codiva thioanif ate opray additive to determine whether the
spro.y systems as propcmd : wd aum..:ntation to nchiave required parformanceh v'sions Nill be incorporated in the design ofin postulated accidents.

cysten to p att equi.pn2nt additions if necessary to ensurethe ceatainment to doses
limi. ting the radiological emequences of n loss-of--coolant accident
signiiicently balm.* tha 10 c a 100 guidelina values,

j

The applicant has been e nc idering a purge systera to cope uith potentialin the unlike.ly event of a loss-of- ;

;2 hydrogen buildup f ree. vm teas nonrsc ,, ate ne2ded to establish the accepta- ~|U coolant accident. Addition 11 studi1 tpproaches. These studies
bility of this yatu and to cencider alternativetitcaloy "ater reactica t.hich could
should include a Mo .2nte f ar lovcis of

,

of the c nm acy core cooling systen were signif t- ;

occur if the ef fectivenen '

cantly less than pradicted. The Co. aittec believes that this mtter can be
resolved during construction of the reactor,

The Certaittee reiterarcs its belief that the instrtmntation design should be
rev.ieved .x ..on failurc rodes, t M ng into account the possibility of

failures of redundant devices, not con-systcoatic, non-random, cw. current The applicant should show that thesidered in the ningle-f a M u' e criterien.
proposed interconnectioa 01 control and safety instrtraentation will not
adversely aifect plant ca fety in a significant mnner, considering the

The Couaittee believes thatpossibility c( systematic eve.ponent fail ure.
this matter can be resolved during construction of the reactor.

for transients having a high prcbubility ofThe Committca believcs that,
occurrence, and for which action of a protective system or other engineered
safety feature is vital to the public henith and safety, an exceedicaly high

- Cexuon failure nodes must beprobability of successful action is needed. The Cortitteeconsidered in '::certaining an neceptable level of protection.
recomnds that a study be Lade of the possible _ consequences of hypothesired
failurcs of protective systeus durint; anticipated transients, and of steps
to be taken if :eJed. W Comittee belia s that this natter man be
resolvad duri.ng constn:tien at the re etor.,

t
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July 17,1969P
Y -3-

!:onurcble clean T. Scuborg ans of in-servicedy possibic ue r

of loose parts in the reactorecomands that the applicant stuf the primary nysten, andfor the presenceCuo,ictcc
< wnf tor ng for vibration orwell as in other portions otical and appropriate.i

vqssel asruch naans as are found prac
thethroughoutpr.urucc i

stem aust retain its integr tyThe applicantinplemnt
b equent cooling period.pH, radioactivity , cor-(includingThe post-accident cooling sy

of an cccident and the su stemperature,of the containaentDegeneration of cem-~hould review the ef fects of coolantor orber partsd. curse is. ncchanismstially abrasive slurr ethe core
s , and seals by any of thesebe paid to potential probleusrusive mterints frou:stored chemicals), and poten l

weh as filters, pump impel er1%rticular attention shouldsystems.

dissimilar r.etals in these adequacy of the design,
puns.nt s
abould be reviewed.. irising f rom the use of inspection

details concerning the,lity assurance, and in-serv cel ed hetucan the
i

Tire Conaittee reconaands thatmaterial characteristics, qu.coolant-pump flywheels be reso v
l

In this connection, and, in genera ,
d and importance of qualityrequir.. ants of the main

t1e
and the Regulatory Staff. well as con-

continues to emphasiac the neeinspection and munitoring progra
ms, as

applicaat
the Cor ;aittee
v ,sur .nce , in-service in design.

believes that the items nan-if dua considerationservative wfety natgins d
Conuittee on Reactor Safet;uar snd that , l d site

The /Avisory resolved durini; construction, a2 proposed for the Three Mile Is anoperated with-
assurance that it can beticned con be

is given to the foregoing, Unitcom:tructed with reasonablehealth and safety of the public..'

c an be
out undue risk to the Sincerely yours ,

,

/s/ Stephan H. Hanauer

Stephen H.11annuar
Chairman

inalysis
f

i n - Unit 2, Preliminary Sa ety t6, Oyster Creek Nuclear Station,
Three Mile Island Nuclear Stat oReport, Volumas 1-4 (Amendment No.

Tmiarenecc:
1.

Unit 2, Decket No. 50-320) .
Licenses .

Amndments 7-10 to Application for dated July 3,1969.2.

Metropolitan Edison Company Ictter
3.
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4 OctoNr 22, 1976 g

.ikncrable l' arcus A. Po.iden
Chciinan
ll. S. !?uclear Regulatory Co:r. mission
1|a.hington, DC 20555

$U2 JECT: REPORT ON THREE MILE ISL/d0 I UCI. EAR STATION, U:!IT 2

Cear I:r. Re,iden:

During its 198th teeting, October 14-16, 1976, the Advisory Comiittee
on Peactor Safeguards completed its review of the application of the
ibtropoliten Edison Company, Jersey Central Power and Light Corrpany,
and Pennsylvania Electiic Company (Applicants) for a license to operate
Three liile Island f!uclear Station, Unit 2. This project was also con-
sidered during a Subccamittee c.eeting held in Harrisburg, Pennsylvania,
on Septenber 23 and 24,1976. I:anhers of the Cemittee visited the ,

facility on Septerher 23, 1976. During its review, the Counittee had
y

b the benefit of discussions with representatives and coasultants of thei
Applicants, Cuneral Public Utilities Service Corporation, the Babcock
and Wilcox Company (BSW), Surns and Ro.a , Inc., and the I:uclear facula-
tory Ccamission (NRC) Stair. me Ccuaittee aisa had available the '

doctrcants listed below. The Conittee reported on the application for
a construction perait for Unit 1 on January 17 and April 12,1968, and
for an operating license for Unit 1 on August 14, 1973. The Con:nittee
reported on the application for a construction permit for Unit 2 on :

July 17,1969.

The Three Mile Island f!uclear Station, Units 1 and 2, is located on'

Three Mile Island near the castern shore of the Susquehanna River,
about 12 miles southeast of Harrisburg, Pennsylvania. About 2300 people
liye within a two-mile radius of the site (the low population zone).
The minimua exclusion distar e is 2000 feet. The nearest population
center is Harrisburg (1970 population 68,000).

Several changes have been inade .to bring the Babcock and Wilcox EmerCency
Core Cooling System (ECCS) evaluation radel into ccnformance with the
requirements of 10 CFR 50.46, and Appendix K to Part 50. Analyses of
a spectrum of break si/.es appropriate to lhree Mile Island, Unit 2 hava
been completed using the approved !MW generic evaluation nodel. The "

p.,
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rc'ults of the ulyscs for the reactor coolant pump discharge break,
L l i , d f.o ia the " war st" break, shw ox-imum allc<<. ble lin"ar heat

fracLian of elevatico in the reactor core ranging
9 r.~ ration rates as a
f ru.15.5 to M.0 kilo. it te. pe r foo t. Corresponding calculated post-
au ia:e p sk clod te:-puratures range from 20020F to 21iG F. The l'ilC0

Stari has itutified 'ditional information that it will require to
ce pictu its rmview and the f.pplicants' schmittal is expected by the
end of 1976. The Applicaats propose to use both in-core end ex-core

ntation io asstre accuracy of casurettant of core po'.icr distri-instru
boun..s. The Cr:. ;itNe believes that the proposed u;nitoring methods
vay I a acceptnle , but that an aug.mented startup progt am should be
u plo3.:d, m d that natis factory experience at 100% steady state power
end during tr e icnb at less than full power should be obtained. This

e>wrience Auld le reviewd and evaluated by the NRC Staff prior to
o;urating a t up in full pc..ar in a lend folle.!ing raade. The Ccenittee
wishes to be hcpt infca ed.

A qcc aion !> s t ri< en c va ning asyn atric leads on the reactor vessel
and its inte nni .truhcs for certain postulated loss -of-coolant
acci? u.x in m. curia 1 %r recciors. Tha Staf f has rcquired the

. f,1y for | ' :r in fon. a tion in order io co aplete its assess-[ Apal ian's to *'

- ian t o f th i . . ' t re 'ihis i; sue should Le resolved in a r,unate satis-
far.ftry to i; 'I Staif.m

Th' qu .tien of .: 4her Unit 2 requires design irodi fications in order
to coply wiih '.'!6H-ld0, "Trebnical E: port en Anticipated Transients
L'i thout Scra Ier ''alc.r-Cc., led Pc..ar Peactors", recains an outstanding
isw > pending tha imC Stn ff's completion of its review of lwd generic
ar.alyses of > icipated transients without scram. The Committee rec 6m-
ia2nds tha t LL a.RC Stai f, the lipplicants and BS'.1 continue to st. rive for
an early rewlutica of this catter in a ianner acceptable to the NRC.

S ta f f. The Cn ii u ee wishes to he kept infor.ned.

f.ra rc :ncy pl c ns L <e beca daveloped to allo.! plant shutdo'.:n and mainte-
nance of safe 'mtdu n in the event of a raximum probable flood. Such

a postulated fic:d would top the levee surrounding the plant by several
feet. Inclu ':d in the plen is the fastening of water tight steel panels
in dconnys and etner cpaning3 of sa fety related structures. The Coin-

that the 6: tails of this plcn, particularly relating tor.ii tke belit .3
re-cntry into tie station during the post-ficod period, need to be more
clearly dalino:Jed.
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H.e E .aittee supports the i RC Sta ff's program for evaluai.icn of fire
protection in accordance with Dranch Tecimical Position APCSB g.5-1,
lyndix A, %idelines for fire Protection for Nuclear Po,ar Plants".
me rc:mittee recev ands that the NRC Staff give high priority to the
cc pletion of both c.:ner and Sta ff evaluations cod to recomendations
for Three Mile Island Unit 2 cnd otlar plants nearing coc pletion of
cenG rration in order to caximize the opportunity for improving fire
protection while areas are still accessible and chenges are nor, fenible.

The Cor_nittee notes that long-term post.-acci&nt operation of the p' ant
to mintain safe shutdoun conditions nuy be dependant cn instrum?niation
and clectrical equipr.ent within cordainant t.'hich is susceptable to
ingress of steam or water if the heriratic seals are either initially
defective or should become defective as a result of damage or aging.
The Cosaittee believes that appropriaie ted procedures to confina
continuous long-term seal capability should be developed.

Tha Cctaittee recorrends that further review be nade of the battery
supplied DC power system to assure that non-essential lands do not

.
interfere with its safety function. The Co: mit. tee recomads that

(> furthar review be made to msucc no unaccepteble effects such as telease
of hydrogan into the plant can cccur frcn the failure of a hydrogen,

charging line. The Com.iittee also recor rends that studies be cade to
assure that failure of on instru: :nt line ccnnot cause plant contral-
lability prebiet.s of signi ficance to public safety. ,

,

The uanage ant organizat. ion proposed by the Applicants to delineate
the safety related responsibilities of the of f-site and on-site personnel j
of the Three Mile Island Station left open questions as to how these r

responsibilities are to be discharged during nornal working hours cnd
during evening, night, and weckend shi fts. This matter should be re--

solved to the satisfaction of the NRC Staff. ;

1

The NRC Staff is still reviewing various issues related to accidents |
leading to loss of fluid in the steara generator secondary side, such |

as steam line breaks. The Cocaittee wishes to be kept inforr.ed of :

the resolution of these issues.

The cormittee reconnends that, prior to com2rcial power operation
of Yhree Mile Island Unit 2, additicnal means for evaluating the cause
and likely course of various accidents, including those of very low

,,

*

---,_ __. m _.wa ._n ._ _._ _ , _ _ _ _ _ _ _ _ _



_ _ _ _ _ _ - - - - ~ - - - _ -

.g3fgd4Nddif' ~|$W?b"gnj~$hd?NkD
, ..a - f

pp;7W '~

E-

**% ._ _
(*, ~%

Honorable Marcus A. Rowden~%~ . .
'4- '%L-

October 22,3Fe
^

we
probability, should be in hand in

w w

timely decisiens concerning pos ib
-

order to provide improved bases forCommittee wishes to be kept info
L

le off-site emergency measures
s'

'

rmed.

further review the Three Mile IslThe Comittee believes that the A
The.

pplicants and the NRC Staff shouldand that such measures should be im lcould significantly reduce the possibiland Nuclear Station for measures th tp emented where practical.ity and consequences of sabotag
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PREFACE

On July 8, 1968, the Atomic Energy Commission announced plans

for an internal review of its regulatory program to help assure that

procedures keep pace with the rapid expansion of the nuclear industry.

In this review, designed to be primarily technically oriented, the

present process for the licensing of power reactors was to be examined

from the standpoint of efficiency in the discharge of regulatory

responsibilities and compatibility with the commercial arrangements

by which nuclear plants are purchased, designed, constructed and

operated. The purpose of the review was to recommend possible improve-

ments in the licensing process, and to determine whether further
. .: .

detailed Commission study in any areas would be desirable.
,

1 .. LG
{ To conduct this review, the Commission named an Internal Study Group

drawn from the three principal components of the AEC regulatory r,ystem -

the staff operation headed by the Director of Regulation (the regulatory

staff), the Advisory Committee on Reactor Safeguards (ACRS) and the .

Atomic Safety & Licensing Board Panel (ASL3P). Members appointed to

serve on the Internal Study Group were:

' Harold G. Mangelsdorf, Chairman
(Member, ACRS) "

!

Warren E. Nyer, Vice Chairman
(Vice Chairman, ASL3P, 1968)

Edson G. Case
(Director, Division of Reactor Standards, AEC)

.

.

-1-
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(

John W. Crawford, Jr.
(Assistant Director, Division of Reactor

Development and Technology, AEC)

David B. Hall
(Member, ASL3P; Chairman, ACRS, 1963)

Stephen H. Hanauer
(Chairman, ACRS, 1969)

Peter A. Morris
(Director, Division of Reactor Licensing, AEC)

' Carroll W. Zabel
(Chairman, ACRS, 1968)

Marcus A. Row' den, Assistant General Counsel for the AEC'was

appointed to serve as legal counsel and Ray G. Smith of Lae JEC's

Division of Reactor Standards was selected as Techni.al Secretary.

The Internal Study Group met at approximately bi-weekly intervals

during the period between July 1968, and April 1969. Discussions

were held with representatives of publicly and privately owned utilities,

reactor manufacturers, architect-engineers engaged in the design and

construction of nuclear power plants, and various industry associations.

Discussions were also held with Federal Aviation Administration repre-

sentatives, two members of an earlier regulatory review panel'and

senior representatives of the AEC regulatory and other staff.

The Internal Study Group has arrived at a number of conclusions,

|
' and has developed some related recommendations. The purpose of this

report is to present these' conclusions and recommendations and to

discuss the reasoning behind them.

i
s
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II. INTRODUCTION

The Internal Study Group undertook its review of the reactor

licensing process with a view toward making suggestions for ways to

improve the process and its effectiveness in protecting the health

and safety of the public, while at the same time minimizing the

problems faced by the nuclear industry and the regulatory groups. )
In addition to specific aspects of the licensing process, the Group

considered the general questions of (1) the adequacy of the pro-

tection of the health and safety of the public and (2) whether

regulatory procedures and requirements have adversely affected the !

development of the industry.

'

The Group concludes that the health and safety of the public
k has been adequately protected. At the end of 1968, 17 licensed

power reactors had been built and operated, nine of which continue

in routine operation, with an accumulated experience of 88 reactor
'

year.t. No member of the public has been exposed to radiation levels ~

above permissible annual limits as a result of the operation of

these licensed power reactors. Although this experience does not

provide conclusive proof of safety, it does provide seme indication

that the health and safety of the public is being protected. The

Aeneral consensus among the industry representatives who talked with

the Study Group was that there is a high degree of conservatism in

j nuclear plant designs and in safety reviews, and that this conserva-
|

l
tism is at least as great as that of most other major industrial

activities. It was also agreed that this conservatism has contributed

-3-
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substantially to the good safety record of the nuclear industry

and that it is not out of proportion to the needs of the industry.
The Study Group concurs in this view.

The groups and individuals who talked with the Study Group

were asked if they believed the regulatory bodies had required

unnecessary or superfluous safety features. Few examples were

cited of safety requirements that were believed not to be needed.

A few persons expressed the belief that future experience might !
'

show that some systema need not be required; however, the principal

concern was not with the requirements themselves, but with the added

complexity and, perhaps, excessive redundancy that seemed to result

and the uncertainty as to the safety requirements and the timing for (.
their imposition. In general, the consensus of the industry repre-

sentatives - concurred in by the Study Group - was that safety feature

requirements have not been out of proportion to the need for the pro-

tection of the health and safety of the public.

There was also general agreement that the licensing review

process at the construction permit stage has not been a limiting

ites in the time schedule for the construction of plants, although

it could become so in the future. In the latter connection, a major

problem considered by the Group, to which some of its specific

recommendations are related, is the lack of correspondence in timing

of decision points in the current licensing review process with

decision points in the process of induetrial procurement, construction

and initial operation of nuclear plants. This lack of correspondence, k

-4-
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together with uncertainties in regulatory requirements, has resulted

in some hardship and frustration to some elements of the industry and

could become even more troublesome as the market for nuclear power expands.

The problem mentioned most by industry representatives was un-

certainty and instability in regulatory requirements. Utilities faced

with decisions on the addition of generating capacity have not been

certain of ultimate licensing requirements at the time of their selection

of the type of nuclear power units to be installed and'when they con- !
\

~

tracted for those units. There have been related increase's in costs

and changes in plant scheduling and nanpower requirements which were

not anticipated when utility selection and contracting decisions were
made.

( Many of these unanticipated changes were the result of safety 1
1

requirements imposed by the regulatory groups to maintain adequate

margins of safety consistent with increases in reactor size and power
i

density. Neither the industry nor the regulatory groups had foreseen

the extent of the provisions that would be needed to maintain these
safety margins.

In the long run, the greater stability and predictability of
J

regulatory requirements which bo.4 industry and the regulatory groups

seek will depend on the development of comprehensive safety criteria,

codes and standards. While there has been considerable progress in

that direction by both the Commission and industry, more needs to be

done - a matter dealt with elsewhere in this report.
i

As the designs for the never and larger nuclear plants are I
|

. evolving and as more comprehensive regulatory safety criteria are |

|

-5-
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|being developed, it is especially important that all groups involved ;
1

in the review process, and also those involved in the conduct of

research and development programs directed toward resolution of I

|

potential safety problems, maintain effective communication with each I

other. The Study Group notes that the effectiveness of this communi-

cation has steadily improved. In particular, the Group supports the

current joint efforts at the staff level within the Commission to

define regulatory needs and to orient Commission-supported research

programs toward resolution of those needs on a timely basis. These I

1

efforts should be continued a'nd expanded to include active participation

by the nuclear industry, particularly by utilities.
;

The Study Group discussed at seme length the continuing problem

of maintenance of an effective regulatory process in an industry marked

by a rapidly developing technology and large increases in the number of

applicaticns to be processed. The Study Group believes that the AEC

regulatory staf f should continue to be the only regulatory body to

perform a complete technical review of each reactor application. The

regulatory staff should have sufficient strength - in manpower and

other resources - to carry out in a timely fashion the activities

necessary'to assure that the regulatory process provides effective

protection to the health and safety of the public.

Detailed discussion of many of these points will be found in the

following sections of this report.

i
.
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A. Develcoment of Regulatory Criteria

and Standards Relating to Safety

The lack of a comprehensive set of regulatory safety criteria and

industry codes and standards relating to the safety of nuclear power

plants contributes to the uncertainty concerning regulatory requirements

and to the length of time required to conduct regulatory safety evaluations.

CONCLUSIONS AND RECOMMENDATIONS
.

1. Current efforts to develop and implement comprehensive

regulatory safety criteria and industry codes and

standards relating to the safety of nuclear power

plants should be intensified consistent with the

critical importance of such criteria codes and stand- (
ards for improving the regulatory process and benefiting

1
the nuclear power industry. I

2. There is an urgent need for substantially increased

participation in and support of these efforts by all

segments of the nuclear industry, especially the

utilities.

3. The ACRS should expand its participation id the develop-

ment of regulatory criteria and standards relating to

safety.

. _- . . _ .

I,
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DISCUSSION

The Study Group believes that significant benefits to the nuclear

industry would result from the development and implementation of com-

prehensive regulatory safety criteria and of industry codes and standards

relating to the safety of nuclear power plants. Such criteria, codes

and standards would contribute measurably to industry understanding of

licensing requirements and would, at the same time, furnish an improved

means for demonstrating that the necessary requirements have been met.
.

Their use would result in better definition of the information to be

supplied in license applications and so aid in reducing significantly
ithe time required for regulatory reviews. In addition, the Group

believes a greater effort by both industry and the AEC to describe the

( technical bases for safety requirements would be beneficial.
.

;

The Study Group in its discussions with industry representatives
1

found substantial recognition of the need for, and importance of,- I

hastening the development of regulatory safety criteria and of industry

codes and standards relating to safety. The Group found that the

organizations affected are strongly interested in reviewing proposed

criteria, codes and standards before they are put in effect. It was,

less clear that such organizations recognize the importance of parti-

' cipating in and actively supporting current standards-making efforts
1within the nuclear industry. |

|The Commission his been strengthening its efforts on the develop- i

ment of regulatory safety criteria, codes and standards, including

cooperative efforts with professional standards groups, the supplier
*

.
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industry and the utilities. The nuclear industry, through the United

States of America Standards Institute, professional societies and
~

industry associations, has also taken some strengthening measures to

develop codes and standards. In addition, some companies have in-

dividually recognized their responsibilities and are actively supporting
!

| these efforts. However, despite the significant progress that has been

made in the last f ew years, the Study Croup believes that the rate of

accomplishment by the Commission and the industry has not been fast

enough to meet the needs of the rapidly developing industry.

While more technical information is needed before development

of comprehensive regulatory criteria can be completed, the Group

believes that the basic organizational structures and technical capabi-

11 ties for developing the needed industry safety codes and standards
(

already exist. The urgent requirement is for all segments of the
'

nuclear industry to recognize their vital interest in supporting such

efforts and to Laplement that recognition through aggressive leadership

and the furnishing of knowledgeable personnel on a high priority basis.

The Group is aware that the procedures associated with developing

and promulgating regulatory safety criteria and industry codes and

standards have, traditionally, been time-consuming. This postpones

their availability for use. The effect of this traditional pattern

is compounded by the time required to constract plants, with the result

that current efforts will not be seen in operating nuclear power

plants for many years. The Group believes that measures to reduce these

delays should be taken by the reguintory g : pe, by etendard:-cahing

organizations and by the nucisar industry. I

- 10 -
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While emphasizing the responsibility the nuclear industry has

in developing codes and standards relating to safety, the Group is

aware of some of the difficulties that are involved. These difficulties i

derive from many factors, including procedures which require near

unanimous agreement to establish such standards or to modify them. In

view of the nature of these factors, it is not realistic to expect that

industry's efforts can result in safety codes and standards which ale:e

will be adequate to protect the public. Accordingly, there will

continue to be a need for the Commission to develop and promulgate

supplementary regulatory requirements. However, to the degree that

industry succeeds in adopting codes and standards which meet safety

requirements, the need for additional requirements imposed by the

. Commission will be reduced.
.

o

O

/

.
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B. Differing Views on Reactor Safety Recuirements

There are differing views among those in the nuclear industry,

the regulatory groups and others, as to how the safety of nuclear

power plants can best be provided. There are differences of opinion

on the degree of reliance which should be placed on the reactor

system itself and on engineered safety features; the number of such

features required; and the kinds of failures to be considered. There

are differences of opinion on whether, and to what extent, trade-offs

can be made a=ong the various safety elements. For example, can there

be a reduction in the extent of duplication and layering of systems

designed to limit the consequences of accidents if it is known that

an effective quality assurance program has been applied throughout the k

design and construction of the plant? Alternatively, can the per-

formance specifications for reactor containment be reduced if there is

adequate assurance that fuel melting cannot occur?

RECOMMENDATION

The Commission should adopt the policy that the greatest emphasis
'

and priority be placed on the application of quality assurance to

the design, construction and operation of nuclear plants so as to

achieve the exacting level of safety required.

DISCUSSION

.The Study Group observes that the p'rimary objective of the

nuclear power industry is to build and operare safe, reliable and
i

f.
12 --
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economically attractive generating plants. The Group is convinced

that attainment of this objective requires rigorous application of

quality assurance procedures in the broadest sense.

The achievement of an adequate level of safety for nuclear

power plants is generally recognized to require defense-in-depth in

the design of the plant and its additional engineered safety features.

The degree of emphasis on defense-in-depth in the nuclear field is new

to the power industry.
'

In seeking reliability of safety systems, there has been much

attention in the nuclear field to redundancy, diversity and quality
control. As a result of the evolution of designs, and the large number

of new orders for nuclear plants, questions have been raised regarding
'

k the proper balance among back-up systems with respect to the require-
~

ments of basic plant design.

The Study Group endorses the defense-in-depth concept, but believen

that the greatest . emphasis should be placed on the first line of defense,

f ,e' i.e., on designing, constructing, testing, and operating a plant so that
'

it will perform during normal and abnormal conditions in a reliable and

predictable manner. This assurance of quality is obtained only if

safety requirements are clearly and adequately defined, plant designs

meet these requirements without excessive complexity, construction is

in accord with design, and operation and maintenance issure continuing

confor=ance with safety criteria. The need for greater emphasis on

quality assurance is supported by recent experience which has revealed

a number o'f defects in reactor construction and deficiencies in meeting
5
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design oLjectives that have required correction in plants currently

under construction.'

' A number of f actors are included in the recommended emphasis on

quality assurance, all of which need attention to achieve the overall

goal. Among these are independent reviews of design, construction,,

tests and operation; deliberate use of inherent safety features; pro-

vision for effective inspection, maintenance and surveillance; accurate

records; and performance evaluation.

The Group considers that industry has not demorstrated sufficient

recognition of the contribution to safety that can be made by designing,

constructing, testing and operating a plant so that it will perform

. during normal and abnormal conditions in a reliable and predictable

manner. Consequently, greater attention should be given by the (
industry to establishing the strong quality assurance programs that

experience has shown are needed to achieve this kind of performance.

The Study Group believes that nuclear power plants designed,

built, tested and operated in a disciplined manner with exacting

standards of quality will provide an adequate level of safety. Never-

theless, abnormalities, deviations and accidents may occur; and with,

no operating experience with the large reactors of new design, the
.

Group does not believe that current requirements for engineered safety

features are exesssive or that trade-offs should be made at this time

among the various elements of design contributing to defense-in-depth.

In this regard, most of those to whom the Group talked could offer no

suggestion for elimination of the systems now provided.

.

- 14 - 1
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There was universal support for strong quality assurance programs
I

among those to whom the Group talked. There is, however, a wide vari- j

ation of understanding and experience in this area. The Group concurs |
1

in the definition of quality assurance set forth in the " Nuclear Power !
1

Plant Quality As'surance Criteria," being developed for issuance by the ,

1

l

Commission:

" Quality assurance comprises all those

planned and systematic actions necessary to
|

provide adequate confidence that a structure,
!

' system, or component will perform satisfactorily

in service."
i

The term is used in the broad sense of applying quality assurance l

i throughout all phases of the design, construction, testing and operation

of a nuclear power plant. It includes quality control, which comprises

those actions related to the physical characteristics of a material,

component or system and which provides a means to ccatrol quality to

predetermined requiremen:s.

In view of the wide variation in understanding of quality

I assurance acd the need for increased attention to thi,s matter, the Group

believes it would be useful for the Commission to adopt the policy of

putting first priority and emphasis on quality assurance, as earlier

defined, in providing nuclear plants with an adequate level of safety.

In sum, the Group believes that greater emphasis should be placed

on providing sound quality assurance programs in the nuclear industry

and that there should be no present reduction in the requirements for

I

back-up or consequence-limiting safety features in current designs for

water-cooled nuclear power plants.

- 15 -
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C. Safety Research as Related to the
Licensina of Power Resctors

Consistent with the Commission's two stage licensing process,

construction permits for large water-cooled power reactors have been

issued on the basil that there is reasonable assurance that safety

questions requiring research and development will be satisfactorily

resolved prior to completion of the proposed facilities. Because

of the large number of these plants scheduled to begin operation in

the next few years, special attention must be directed to assuring

that the required research is being conducted and that the resulcs

will be available when needed.

RECOMMENDATIONS

1. Applicants, reactor designers and the regulatory groups

should continue to refind and formalize the existing
t

practice of identifying at the construction parmit stage

for each nuclear power plant the safety issues requiring

resolution by research, and the scope and schedule of

programs expected to provide the information needed to

resolve these issues.

2. Present*AEC efforts to document and review Commission

and industry-sponsored safety research programs to

determine whether these programa are adequate for timely

resolution of safety issues for large water-cooled

nuclear power plants should be continued and expanded

t

- 16 -
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to include active participation by reactor designers

and utilities.

3. If necessary research programs are not being conducted,

or are not sufficiently responsive to the identified

needs, alternative courses of action should be developed

and implemented by the AEC and the nuclear industry.
1
1

DISCUSSION ;

1

I

Both the Commission and the industry sponsor nuclear safety |
|

'

research programs to support the development of power reactors. I

Historically, the AEC has financed much of the safety research for

water-cooled power reactors and it continues to support these safety

research programs. The large number of construction permits for these

k power reactors which have been issued in the last several years does
l

not i= ply there is a decreasing need for water reactor safety research. I

Rather, because these construction permits were issued on the basis

that planned research programs would resolve certain safety questions

related to these reactors and because new questions have resulted from |

|

the increases in reactor power level and power density, there is an

increasing need for safety research. As a result, the combined AEC and

industry research program on safety questions related to water-cooled
,

power reactors continues to grow.
.

It is difficult to distinguish safety research necessary for

the licensing of individual power reactors from basic safety research

that increases the understanding of safety-related technical cuestions.

There is some tendency to classify in the basic category all research
|
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needed to resolve the safety questions identified for large water-

cooled nuclear power plants and to place complete responsibility .

on the AEC for conducting the nec'essary programa. An opposing view

considers the technical questions to be related only to specific

plant designs and believen that AEC financial support for water

reactor safety research should be significantly curtailed, if not
1

eliminated. Whatever the view and irrespective of who finances the

programs to develop the information, it is indisputably the licensee's
|

responsibility to provide the information necessary to resolve the !

cachnical safety questions related to his nuclear power plant.

Most of the present safety research effort is directed toward

providing information concerning potential accidents having very low '

l
probabilities of occurrence. Analyses have shown that the safety (

|
features prow?.ded in current designs of water-cooled power reactors '

are adequate to protect against these accidents. While the Study Group

believes it is reasonable for some nuclear power plants to begin

operation with the assurance of adequacy of safety features dependent'

on analyses, it is important that these analyses be confirmed in a

timely fashion by the results from planned research programs.,

The first necessary step to this end is tg identify clearly for.

each plant at the construction garmit sesge the :achnical questions

requiring research, and the scope and scheduling of programs expected

to provide the information needed to resolve the questions. The
!

Study Group is aware that, in recent licensing cases, efforts have been

made to document not only the technical issues for the particular power

(
i
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reactors and the research programs necessary to provide information

to resolve those issues, but to document also the schedules of the

necessary research programs. The Group recommends that such efforts

be further systematized so that licensees, regulatory groups and

those responsible for conducting research can more clearly understand

what specific information will be required prior to operation of

power reactors and the timing necessary for developing this information.

A second step to assure that research is oriented to meet safety

and licensing requirements is to document and review periodically the

existing and planned programs. The Study Group notes that efforts in

this regard are underway by the AEC's development and regulatory staffs.

The Group further notes that increased communication between the
(

Commission's regulatory and development staffs has resulted in better

coordination of the AEC-sponsored research programs with regulatory

needs. These staff level actions have been fostered and encouraged by
|

the AEC's Steering Committee on Reactor Safety Research.

The Study Group believes there should be increased participation

by the nuclear industry, particularly by utilities, in current AEC

'

efforts to relate the research programs in water reactor safety to
1

the requirements and schedules of the licensing process. Discussions,
1

at both management and staff levels, should be arranged among appro-

priate AEC, reactor designer and utility personnel who are conversant

with industry research and nuclear power plant licensing and safety.

Through better appreciation of each other's problems, both technical

and financial, and by frank discussion of the technical safety issues.,

- 19 -
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a better definition of the necessary scope and schedule of the

safety research programs can be developed'. Possible courses of

action if these needs are not being satisfied can also be deter-

mined.

Closer cooperation between AEC and industry on safety

research would improve the basis for determining which of the needed

safety research programs should be financed by the nuclear industry

and which by the AEC. Development of appropriate financial arrangg-

ments at this time, when the AEC is still sponsoring a major portion

of the water reactor safety research program, will ease the inevitable

transition to the time when industry must initiate and fund most of

this program.

(

.

/

6
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D. Relative Emphasis on Larne and Small Accidents

The Study Group considered the problem of whether detailed

consideration of a few serious postulated accidents is diverting

effort from needed study of less serious, more probable malfunctions.

CONCLUSIONS AND RECO.W NDATIONS

e' 1. It remains necessary to consider, in safety reviews,f

a wide variety of expected transients and postulated

accidents.

2. The design basis accidents prgsently used in the safety

evaluation of large water-cooled power reactors should

p, -not be changed until convincing technical evidence is

available that the change is justified.

3. An integrated engineering approach is needed; safety

eatures added to cope with one malfunction should be

! '

engineerad so as to not unduly increase the probability

or consequences of another malfunction.

DISCUSSION ,

Early safety reviews included postulated complete reactor

failure and an all-enveloping containment sufficient to maintain

off-site exposure at a tolerable level and thus to protect the

public. All other possible accidents were considered to have

contained ccusequences less severe than those of the maximum
|

accident; therefore, the containment provided protection to the
.

- 21 - |
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public for small as well as large accidents. The increase in the
I

size and complexity of reactors since that time has required-

development of a system of engineered safety features which would

operate in accident situations to prevent fuel failure and melting,

to remove afterheat, and to cope with a radioactive, hydrogen-rich

containment atmosphere in order to provide containment or confine-

ment of radioactivity for the protection of the public.
.

The regulatory system for safety reviews has evolved from one

based on consideration of a single worst accident into one which

considers a spectrum of expected transients and a number of postulated

malfunctions and design basis accidents. For the larger reactors,

containing the worst accident considered credible does not insure that

all credible accidents would be contained. Since it is not permissible k

in the case of large reactors to concentrate safety reviews on the

worst accidents and to igcore the lesser ones, a spectrum of * accidents

is considered.

Which postulated accidents thould be use,. as the design basis

for reactor safety? In the absence of wide experience with reactof

accidents, calculation and judgment must be substituted for such

, experience. It has been suggested that the design-basis accidents

presently used should be revised to reflect a more nearly consistant

and mechanistic view of whac would actually happen. The Group believes

that sufficient knowledge is not availablei to justify such a revision,

and that current use of the non-mechaniscic set of design-basis

accidents presently employed provides a needed safety margin to allow

(
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for unknown factors. Changes in these design basis accidents

should be made only when justified by convincing technical evidence.

In designing protective systems and safety features to deal

with postulated malfunctions and transients, an integrated engineer-

ing approach is needed to prevent interference of one safety feature
\/ with another, or with normal operation. A device added to increase

safety in some postulated situation should not unduly increase the

probability or consequences of any other malfunction. This possible

result is a criticism the Group heard of the present design-basis

accidents, i.e. that detailed attention to serious, highly i= probable

postulated accidents might result in such complex systems that overall

y, / ' safety might be decreased. Neither the industry representatives heard
1 \

by the Group, nor the Group itself, believe that this decrease in

safety has actually occurred; and no examples were suggested of safety

features that decreased overall safety. The Study Group believes,

however, that continued attention is required to the engineering of

afety features in a consistent, disciplined way so that safety.is
_

in fact increased by their installation.

In this connection, it seecs worth noting that the reliability

required of a safety device depends both on the probability of need

for its function and the consequences of its failure to function ' - ~ '

when needed. Implicit in this statement is the knowledge that risk

cannot be =ade exactly zero, but that an extremely low, acceptable -

value must be maintained. Postulated events of sufficiently low

probability need not be protected against, since the risk from them is
.
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negligible. For serious potential accidents of low, but not

negligil,le, probability of occurrence, protective systems with
,

good reliability are required. Situations for which the anticipated

rate of occurrence is relatively high (say, once every few years)

require protective systems of extremely high reliability in order
,

to reduce the risk to an acceptably low value. These more frequent

events - expected transients - play an important role in the

assessment of the overall risk and may determine the reliability .

requirements of reacter protective systems. The Group believes this

matter warrants further consideration.

Attention should be directed toward expected transients and
_

non-catastrophic malfunctions for another reason: they provide
{~

potentially useful indicators of incipient safety problems in an
,

/
_, / operating reactor. The race of such incidents, and also of malfunctions

in the protective systems and engineered safety features, should remain

at a tolerably low level, consistent with design expectations. Dis-

covery of a malfunction rata hf gher than that reasonably cxpected -

in particular, of any upward trend in the rate with time - should be

considered evidence that something is amiss. For example, it is beside

the point that an abnormally high rate of unneeded reactor trips is

in the safe direction. Such a circumstance is a syupcom of trouble in

d ,,rotection system vtich may include concealed changes adverse to

the functioning of the system. For this reason, the continuing sur-

veillance of incidents and =alfunctions discussed in Section III.I of

this report is i=portant to maintaining the availability of safety
[

devices to perform their functions if needed.
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E. Quantification of Safety

It has been suggested that a more quantitative approach be

used in the evaluation of risks associated with nuclear power plants

both to attempt to establish overall' risks and to provide techniques

for comparative studies of safety systems. Such an approach, if it

could be realized, would assist in reducing uncertainties in the

licensing process, particularly in areas which have been criticized *

for lack of clear, consistent requirements. The Study Group :ensidered

whether and to what excent the safety evaluation process can be quantified.

CONCLUSIONS AND RECO.'efENDATIONS

1. With existing techniques and knowledge, the tusal risks
i

to the public frem nuclear power plants, although very

small, cannot now be meaniagfully expressed in numerical

terms.

2. Quantification techniques do show promise as a tool in

comparative safety evaluation.

3. Efforts should be made to improve the collection of

data needed to evaluate the reliability and causes for

failure of safety-related systems in nuclear plants.

A cooperative ef fort by the AEC and the nuclear industry,

particularly the utilities, probably will be required

to achieve such a program.
'

(

.
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DISCUSSION

Two fundamental questions are involved in making safety
.

evaluations for a nuclear plant:

1. How much safety do we need?
__

2. How much safety do we have?

The answer to the first question is an evaluation of the degree

of risk that should be accepted. It is inescapably a policy decision,

even though the intriguing possibility is being raised that it may be

expressed quantitatively in comparison to risks that have been and are

being accepted by the public.

The answer to the second question is an evaluation of the risk

that is being taken (presumably measured against an answer to the
(

first question). Since it deals with hardware rather than with judg-.

ments, it has the possibility in principle of being made on a more

quantitative, objective basis. Clearly, if this possibility could

be realized, many of the uncertainties in the safety evaluation

process would be reduced.

Historically, acceptable levels of risks for activities in
,

society have not been established a priori, but have e=erged in the

form of acceptable practice (rather than as quantitative evaluations) -

over a period of time long enough to observe the interplay of costs,

benefits and risks.
-

Primarily because of the risks involved in the low-probability,

large-consequence accidents, the nuclear power industry and the

regulatory bodies have followed a different course. They have !
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diligently attempted to consider hazards and to apply preventive

measures prior to undergoing actual accident experience. In so

doing, they have so far eliminated, and hopefully will continue

to prevent, the empirical accident experience that has in the

past provided the basis for evaluation of actual risk and for

determination of the socially acceptable level of risk. There are l

I
two important consequences of this circumstance: 1

1. Estimation of the actual total risk of nuclear

power plant operation will be based only on

extrapolation of experience data with small-

to-moderate accidents and near-accidents. Neither ;
- |

{'
the data nor the conceptual framework now exists or

1

may be attainable for such extrapolations. l

2. The acceptable level of risk ~ "How much safety do

we need?" -- will not be derivable from experience

and will be a policy decision.

The answer to the second question "How much safety do we

have?" -- also involves evaluations not empirically determined. But, ,

in principle, an evaluation can be made. Such evaluations are subject

to two basic limitations. First, no certainty exists that all failure

modes are recognized, and thus the evaluation may not be conservative.

Second, and more basic to the usefulness of the approach, is the lack

of probability information of the required detail and accuracy. The

availability of information does not appear adequate to permit a

'
meaningful evaluation of total risk.
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Further development of techniques for comparative evaluation

of risk appears to have promise of beneficial results and should
'

be encouraged. Moreover, even with relatively sparse and imprecise

failure data, the existing methodology can be of value in influencing

basic design approaches or in comparing performance of subsystems.

If properly develop'ed and applied, these techniques might be used

to:

1. Ccapara alternate safety systems and components -

of engineered safety systems.

2. Measure the relative protection provided against

several postulated accidents to help decide which

should receive the most attention.
(

. 3. Decide if the problems caused by the additional

complexity from adding a safety system outweigh the

advantages of that system.
|

4 Measure on a uniform basis the relative gain in safety
!provided by an additional safety feature. I

|
,

The nuclear industry and the regulatory groups have not used

these quantification techniques in as systematic a way or to the
i

degree they are used in some other industries. The Study Group .

believes that greater use should be made of these techniques

and the development and application of these techniques for

comparative analyses by the nuclear industry and by the regulatory

groups should be encouraged.

!
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Application of these techniques is dependent upon the i

availability of adequate data on failure rates and modes. Presently,

only gross failures are reported. While the lessons thus learned

are invaluable, particularly in identifying previously unsuspected
,

failure modes, much more data is needed. Protective systems and

engineered safety features are tested regularly; and compilations of |

test data - successes as well as failures - are a largely untapped

source of failure-rate data. It *.e the utilities that are vital to
'

such a program, since they o;,erate the plants and collect the data.

Moreover, it is the utilities who eventually benefit, in enhanced
,

|

plant availability as well as safety, when lessons learned from

failures and reliability studies are fed back into new designs and

criteria.

While the proper use of quantification techniques may be helpful,

a note of caution should be sounded concerning their misuse. The

Study Group believes these techniques should be used as a tool in

achieving a sound engineering design. To rely on the use of these

techniques as a substitute for or at the expense of a disciplined
4

engineering approach to design with an associated strong quality

assurance program would be a misuse of the techniques and could result

in a decrease in overall safety.

Successful attempts to quantify safety appear to be limited

presently to comparative studies. It is not clear, however, what

success might be expected from additional development of the technique

and the possibility exists that total risk evaluation may be feasible

- 29 -
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in the future. In any event, there have been only limited attempts

to date at systematic examination of the data requirements for

meaningful evaluation, or of the feasibility of alternate approaches.

The Study Group believes such a systematic examination should

be made.

* In summary, the Group believes that development should be

continued on techniques for the quantitative assessment of risk.

Ho'vever, before such techniques will become a practical tool in

evaluating overall reactor safety, much work remains to be done

in the following areas:

1. Extrapolation from experience with small accidents

to quantitative judgments regarding potential -

serious accidents.
-

2. Identification of potential failure modea.

i

3. Development of information on failure rates of

equipment and probabilities of postulated accidents.

4. Establishment of an acceptable level of risk,

i

/

|

.

|
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F. Degree of Standardization and Imposition
of Additional Safety Requirements

As proposed reactors have become more nearly alike, regulatory

requirements have tended to become more stable. Nevertheless, in

a number of cases, safety questions not previously identified have

arisen and their resolution has caused delay and increased cost.

A proposed different approach to reactor licensing would be

certification of a reactor design and plant safety f eatures outside

the context of individual license application reviews. Duplicate

plants could then be licensed without extensive review, except for

site-related factors. Changes in the certified designs would be

I considered in a manner similar to the original certification.

Consideration of the value of a certification system requires,

among other things, an evaluation of the extent to which current

designs of large water-cooled nuclear power plants have become

standardized and the degree to which the benefits of standardization

can be realized within the present framework of the licensing process.

RECOMMENDATIONS

1. Creater advantage of the current degree of standardization

in reactor and plant design should be taken by applicants
fr

and the regulatory groups within the present framework of

the licensing process in order to realize more of the

benefits of this standardization.

2. A formal system for certification of details of reactor

t
'

and plant design features outside the context of individual

- 31 -
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license application reviews should not be adopted by

the Commission at this time.

DISCUSSION

There appears to be a considerable degree of standardization

by each major supplier in the conceptual designs and the nuclear

steam supply systems for current large water-cooled nuclear power

plants. There is less standardization, and the technology seems

less well developed, in the design of cystems, such as emergency '

core cooling systems, that interface with the nuclear steam supply

system.

There is even less standardization in the preliminary design

of other engineered safety features for these large nuclear power
{

plants, such as containment, fission product re= oval systems, and

emergency power systems. Factors that hinder their standardization

are (1) these features are site-related and thus subject to more

variation; (2) they are usually designed by architect-engineer

firms, which are more numerous than the companies designing nuclear

steam supply systems; and (3) the utility influence on these plant

design features is more pronounced.

There has been considerable discussion within the nuclear

industry regarding methods for taking advantage of the trend toward

standardization in the design of water-cooled power reactors. The

Study Group believes that some gains in this direction are evident

now and that more of the benefits of the current degree of design

standardization can be realized within the framework of the present (
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licensing process. For example, the present regulatory practice

of conducting a single safety review for the identical design

features of twin nuclear power plants at one site could be extended

to cover identical design features of all plants of the same class,

taking into account only the different interaction problems and
; -

site considerations, and any new safety-related information. The

cooperation of applicants proposing duplicate designs is needed, |
l

since obtaining the benefits of such a procedure would require clear !
~

identification of features and their design bases which are the same
!
l

as those accepted for a prev'iously reviewed plant. The Group believes

there is a potential in greater use of such an approach for consi ,
derable savings in regulatory review time.

The Commission announced its willingness in December,1964, to

conduct informal reviews and evaluations of power reactor systems

or major components in advance of the formal filing of an application.
.

This procedure has been used successfully on a number of ' occasions,

with varying degrees of examination. Reviews have ranged from initial,

informal reactions of the regulatory staff to detailed safety evalua-
/

tions by both the staff and ACRS. Such reviews, conducted under

present procedures, can provide some of the benefits hoped to be

achieved by a formal certification process, such as the one discussed

later in this section.

The Study Group endorses the proposed' changes in licensing

regulations concerning provisional construction permits developed

by the Director of Regulation and believes these changes vill permitt

~

!

l
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greater advantage to be taken of the current degree of standardization '

in water power reactors. If these changes are adopted, the extent to

which specific reactor and plant features are approved by the regulatory

groups at the construction permit stage vill be more clearly defined,

and modifications to the approved design of these features will not
.

be imposed by these groups at the operating license stage unless

substantial additional protection, which is required for the public

health and safety, would be provided.

I
Another method which has been proposed to take greater advantage I

of the current degree of standardization is for the AEC to adopt

procedures for approving (certifying) the design of a specific type or

portion of a nuclear power plant outside the context of an individual (
license application. This proposal would provide for establishment of

joint AEC-reactor designer groups, apart from any license application

. proceeding, to identify all the accepted safety design features of

a standard reactor and plant design. The proposal provides that

each team would then define and set forth in a document all the

characteristics and bases of these accepted features which are important

to safety. The resulting documents would contain enough details con-

cerning these features so that if the document were included as part

or all of subsequent construction permit applications, the features

described could be approved without further review by the regulatory

groups. This document could also be used at the operating license

stage to justify acceptance of the certified design features upon
i

'
showing that they had been built in accordance with its provisions.

- 34 -
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The most important potential advantage of this proposal ir the

rapidity which it appears to provide for converting specific decisions

made by regulatory groups into a basis that can be applied generally

to subsequent licensing reviews of individual applications. The

suggested procedure would achieve its purpose primarily by systematizing

and organizing the steps in the licensing review process in such a'

manner that general applicability could be derived from regulatory
i

decisions.

There are several difficulties with this proposal. To begin with,

i

one of the principal premises of the proposal is that prior acceptance

of design features of facilities licensed for construction can be

translated into general approval of safety features. This would be
!
' difficult at the present time, because of the limited number of detailed

~

final designs that have been reviewed, and because of the need to complete

research and development programs substantiating design adequacy and the

need for confirmatory operating experience.

There are other disadvantages to the certification approach. The
i

certification would represent an agreement on safety-related design |
l
,

aspects between the AEC and the reactor designer, rather than the reactor
!

operator-owner. Thus, this approach would depart from the underlying |

1

philosophy of present licensing procedures which places responsibility 1

for safety on the reactor operator. Some of the utilities who set

with the Group indicated a reluctance to accept a certification type

arrangement unless they could become active participants in the

discussions regarding acceptability of specific reactor design features.
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By enlarging these discussions to include any or all utilities,

complications would be introduced in establishing priorities, in

obtaining agreement of all parties and in reaching timely decisions

concerning the acceptability of reactor design features.

It appears to the Study Group that formal adoption of cer-

tification procedures by the AEC might be more useful and practical

in the future than at present. It remains to be seen whether there

will be substantial standardization of safety features which will
.

encompass all areas of design, including containment and other

site-related features. Further, the results of operating experience

with the larger power reactors and of research and development

programs, such as those concerning the effectiveness of presently
7

designed emergency core cooling systems, would be available for \

consideration at that time. In the meantime, the Group believes
'

that further advantage of any standardization of the design of

water power reactors can .be realized by applicants and the regulatory |.

groups within the framework of the present licensing process.

l
-

,

*
e

i i
!

1
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G. Criteria for Deciding When to Backfit After

Issuance of a Construction Permit

The imposition of additional safety requirements after

issuance of a construction permit (backficting) has been dealt

with on a case by case basis. While this approach permits maximum

flexibility, it also creates considerable uncertainty for licensees.

Criteria would be helpful in reducing this uncertainty.
.

RECOMMF.NDATION
.

Tlie Study Group endorses proposed changes in the Commission's

regulations developed by the Director of Regulation which will provide

that additional safety require =ents for a nuclear power facility for

which a construction permit has been issued will be imposed by the

Commission only if it finds that such action will provide
.

substantial additional protection which is required for the public

health and safety.

DISCUSSION

Most industry representatives with whom the Study Group talked

criticized the present practice concerning backfitting since it has
/

led to uncertainty after issuance of a construction permit as to

what safety features a licensee may have to add or modify in order

to receive an operating license without delay.

The Study Group believes that proposed changes in the Commission's

regulati ps: astcerning backficting will alleviate some of this un-

certainty. The proposed amendment will make it clear that additional

! |
1
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safety requirements will be imposed by the Commission af ter issuance

of a construction permit only if it finds that such action will provide

provide substantial additional protection required for the public

health and safety. The amendment will not affect licensee responsibility

for evaluating significant new information developed as a result of

experience with design, construction, testing and operation of a

reactor or as a result of safety research and development programs

and for recommending any changes needed to protect the health and

safety of the public. The AEC may still require information from

licensees sufficient to provide an adequate basis for making judgments

in particular cases, however, licensees should not consider such requests

as a prejudgment of the issues.

One of the potential problems that might be encountered in imple-

menting this criterion for backfitting would be a disagreement between (
the regulatory staff and the licensee as to the safety requirements

agreed upon at the construction permit stage. The proposed amendment

to the Commission's regulations will minimize this problem by providing

for development and use during reactor construction of a system similar

to the technical specification system presently being used during

reactor operation. This new system will require delineation of the

essential elements of the design and specify that these cannot be

changed after issuance of the permit without prior Commission approval.

Other design aspects can be changed at the licensee's discretion, subject

to later review by the Commission at the operating license stage.

The Study Group believes that development and use of a system such

as that outlined above would contribute to the stability of the licensing
process. (
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H. The Role of the ACRS in the Regulatory Proces:1

1

The Internal Study Group examined the role of the ACRS in

the regulatory process with regard to the review of individual

applications and the resolution of broader safety issues.

CONCLUSIONS AND RECOMMENDATIONS

1. The ACRS constitutes a valuable resource of the

AEC. For optimum use of the Committee, its role

in the regulatory process should be modified.

2. The ACRS should be relieved of the obligation to

review and report on all applications for power

( reactor construction permits and operating licenses.

The Committee should then gradually reduce its

involvement in the reviews of individual applications

and concentrate more on:

(a) Safety issues involving a class of reactors,

new concepts of reactor design and new

approaches to accident prevention or con-

sequence limiting safety features.

(b) Evaluation of new data resulting from safety

research and development programs and infor-

macion gained during the construction and

operation of power reactors.

:

!
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(c) Development of regulatory criteria and standards

relating to safety and the technical bases used

in the regulatory review of individual applica-

tions.

DISCUSSION

The Atcaic Energy Act presently requires the ACRS to advise

the Commission as to the safety of each' power reactor prior to

the issuance of a construction permit and again prior to iss'uance

of an operating license. This case by case review by the part-time

cdvisory committee has produced valuable results.

In the Group's view, however, the relative utility of the

present type of ACRS review must be viewed in the context of (
changing circumstances. As the number of similar plants and the

relevant safety-related areas repeatedly reviewed have increased,

the premises underlying regulatory approval of individual applications

have been used increasingly to form the bases for regulatory criteria

and standards. Although much remains to be done with respect to

criteria and standards, significant progress has been made. With this
,

background, and with the present depth and breadth of technical com-

patence within the regulatory staff, the Study Group believes the staff

is in a position to and should perform more of the case reviews alone,

without an ACRS review. The consideration of the large volume of

details inherent in an in-depth review of a particular application is

best accomplished by a full-time, competent, professional regulatory
i

staff.
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In difficult cases, in cases where novel design approaches are

proposed, and in cases for which regulatory criteria are not available,

specific case reviews should continue to be made by the ACRS. But

apart from those cases, the Study Group believes that it is in such

areas as development of criteria and consideration of special safety

issues, that a part-time expert committee can be most effectively
i
'

and efficiently ased.

It is the Group's view that the ACRS might better, concentrate

its efforts on safety issues involving a new class of reactors, new

concepts of reactor design and new approaches to accident prevention

or ceasequence limiting safety features. The Committee should also

be in a position to evaluate new data resulting from safety research

i and development programs and information generated during the con-

struction and operation of power reactors. And, of progressively

increasing importance, the Committee should have sufficient time to
>

>

make the maximum contribution to the development of regulatory criteria

and standards relating to safety and the description of the technical

bases used in the regulatory review of individual applications.

A change of this magnitude should not be undertaken abruptly.

The Study Group believes that if the required enabling legislation

is passed the ACRS should gradually reduce its involvement in

individual applications and correspondingly concentrate its involvement

on issues which affect overall safety and the criteria and bases on

which the regulatory staff's safety reviews are made.
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I. Timina and Statina in the Review
and Decision-Makina Process

A ' closer correlation is desirable between the timing of

,
- industrial decisions underlying the planning and execution of

nuclear power plant projects and the timing of related decisions

in the regulatory review process. This is particularly true with

respect to the ti: sing o'f decisions on siting and proposed plant

design.

RECOMMENDATION

The Cosmaission should explore the possibilities for revising

the present regulatory review process with a view toward achieving
(one or more of the following objectives:

A. As earlier regulatory determination than at present b

on the matter of site suitability.

3. A phasing of regulatory design and construction

approvals to correspond as closely as possible to (
the normal industrial plant design and construction

phases.

C. An earlier construction permit decision than at

present for reactors of established technology and

generally standardized design, based on less

docunerted design infor. nation in the application

specific to the particular facility than is now

required.

!
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DISCUSSION

The industrial process of planning and achieving the production

of power from a nuclear generating station involves a number of

decision points. These include the decision to build a nuclear plant;

the choice of a site; the selection of plant size, type and suppliera;

the determination of the type of contracts and their execution; and

the scheduling of construction so as to meet expected power needs.

The system for regulatory review of and decisions on power

reactor license applications should provide the folicwing:

1. A sound technical review of the reactor site, design,

construction and operation proposed by the applicant.

2. Safety criteria, standards and codes, or other bases,

upon which well-founded and timely regulatory decisions

can be made.

3. A procedure which defines the scope and timing of

regulatory reviews - relatively inflexibly and predictably

for reactors of established technology.

4. The means for public scrutiny of regulatory reviews and

the timely opportunity for those whose interests might

be affected to have their views considered.

A lack of reasonable correlation between the timing of the

decision points in the industrial process and the decision points

in the system for regulatory review can have undesirable effects.

i
%
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It may result in disc ntinuity in construction planning and extra

costs for facilities; and, on a broader scale, it can be a possible

hindrance to achieving the goal of economic nuclear power. Accordingly,

an important area of consideration by the Study Group, to which much

thought was given, was whether the decision points in the regulatory
~

process could be better matched than at present with those in the

industrial process.

Because the licensing process entails a review function, the '

timing of its decision points cannot correspond completely with

the timing of industrial decision points. Industry representatives
|

were of the view, however, that an improved correlation between the

respective decision points can and should be made. In this regard, '

suggestions were received that the construction permit decision be

made earlier and that there be greater predictability as to what vill

be approved. This would be done primarily by stabilizing the safety

requirements underlying issuance of a construction permit (a matter

discussed in other sections of this report), by limiting the scope of |

review at the construction permit stage or by a combination of the two.
i

On a separate but related matter, the desirability of earlier oppor-

tunity for public participation in the regulatory review process -

particularly with respect to the site - was also considered.

The Group believes that possible changes in the directions
,

outlined above merit further serious consideration. In that

connection, achievement of one or more of the following objectives

appears desirable to the Group: (a) an earlier regulatory determination '

;

,
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than at present on the matter of site suitability; 00 a phasing of '

regulatory design and consertation approvals to correspond as closely

as possible to the normal industrial plant design and construction

phases; and (c) an earlier construction permit decision than at present

for reactors of established technology and generally standardized design,

based on less documented design information in the application specific

to the particular facility than is now required.

The Group is not recommending any one particular course for
'

achieving these objectives since any such restructuring of the

regulatory review process should be preceded by a detailed explora-

tion of relevant administrative, legal and other considerations. The

Commission, however, may find it useful to consider three variations

to the present review process which were discussed by the Study Group

as means for furthering the stated objectives. These variations are

described in outline below.
.

A. From the , standpoint of the public and the utility,

a regulatory review of site suitability would be

preferable before any large commitment has been
/

made by the utility and before there have been

any irrevocable changes to the landscape. Since

the suitability of a reactor site cannot be judged

completely independently of the nucleac plants proposed

to be located thereon, it would appear desirable that

the Commission consider whether adequate criteria can

be developed for siting reactors of established technology.

- 45 -
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With such criteria, a mandatory public hearing on

site suitability for rceactors of that type could be

held very early. Site preparation and initial
<

foundation work would commence after this early
.

hearing, to the extent such preconstruction permit

i

, work is now allowed under Part 50. A more detailed

review of the proposed nuclear plant's design features

would take place at a later time leading to the granting

of a construction permit. Notice of proposed issuance

of the construction permit would be given and a hearing

would be held before an Atomic Safety and Licensing

Board if any party, including a member of the public
(vhose interest might be affected, requested such a

hearing. Alternatively, notice of proposed issuance
|

and an opportunity for a hearing might be dispensed .-

with in view of the prior site hearing. There also

would be a notice of proposed issuance and an offer

of a public hearing prior to the granting of an

operating license.-

The principal resulting improvement in the

regulatory process would be the earlier consideration

of site suitability. A public review at that time

could be valuable to the utility in previding early

identification of potential site-related problems.

It could also benefit those whose intetests =ight be
f

i
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affected, such as local residents or representatives

of interested States, by affording them an earlier

opportunity to have their views considered on the,

safety questions involved. However, it is not
,

clear to the Group, based on its limited study, what

j the problems ~might be in developing criteria suitable

for this approach.

B. A possible variation to the changes in the regulatory

process outlined in A., above, also appears to warrant

furchar consideration for reactors of established

technology. Under this variation, steps similar to

{ those described.in the preceding paragraph would be

followed until the completion of the mandatory public

hearing on site suitability. This hearing would be

followed by a regulatory review of the design of the

reactor plant; however, approval of construction would

be in several stages rather than one stage. The several

regulatory review stages would correspond as closely as

possible to the actual industrial plant design and

construction stages. There would not be an offer of a

public hearing on these separate regulatory construction

approvals, but there would be a notice of proposed issurnee

and an off er of a public hearing prior to the granting ' f ano

cperating l'.:ense. To be feasible, this approach would

,
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require development and approval of acceptable design

interface conditiens at the time of approval of any

portion of the reactor plant design in order to assure

compatibility of th?. several parts from a safety

standpoint.

In addition to the potential advantages of

earlier consideration-of site suitability, discussed

previously, this review approach would bring the .

regulatory decision points on construction authorization

closer to the corresponding industrial decision points.

At the same time, however, the increased number of

decision points would place special emphasis on the need
(-

for making the regulatory decisions more predictable.

This could be accomplished if adequate regulatory criteria

can be developed concerning the design interface conditions

previously referred to.

C. The correspondence between the regulatory and industrial

decisica points could be improved if the construction
/

permit decision on acceptability of both the site and

plant design could be made earlier in the revi1w process

than at present for reactors of established technology.

This might be done by requiring less documented design

information in the application specific to the particular

facility than is the case under present procedures. A

reduction in such documented infor=ation would, however, f

I

,
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need to be compensated for by a corresponding increase

in design standardization.

Under this approach, a construction permit review

for a reactor of established technology might be limited,

for example, to the proposed site, general reactor

characteristics, and engineered safety features. Mandatory

hearings at the construction permit stage might or night

not be retained; but there would, in any event, be an
'

opportunity for hearing at both the construction permit

and operating license stages.

An earlier licensing decision on site and design

matters could reduce the difficulties inherent in
.

(
imposing regulatory requirements at a point in time af ter

industry decisions and commitments have been made. Howeve'r,

to be fully useful, such a construction permit approval would

have to be grounded on regulatory criteria, or other bases,
.

sufficiently definitive to give reasonable assurance of

issuance of an operating license upon satisfactory com-
.

plation of facility construction.

The feasibility of this approach would seem to depend

on the possibilities for stabilization of the scope of the

construction permit review. For reasons discussed elsewhere

in this report, these safety revie'ws presently require a.

i

substantial amount of information specific to the particuiar
i

proposed reactor. However, the present trend towstd
|
|

|

|
,
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standardization of design in water-cooled reactors, the

movement in the direction of establishing more comprehensive

safety criteria, codes and standards, and the research

information and operating experience which will become

available for the larger water-cooled reactors, may provide

the basis for increased stabilization. It is in this context

that the possibility for an earlier construction permit
.

decision might be considered.

An additional observation is in order concerning each of the

above approaches, or others which might be considered for the re-

structuring of decisional points in the review process. The public

hearing phase of the safety review process has a bearing on tha timing

of regulatory decisions. Among those who spoke to the Group, opinion

was divided as to the. need for or desirability of a mandatory hearing ;

I
at the construction permit stage - although all agreed that there should,

as a minimum, be an opportunity for a hearing. A hearing on an undon-

tested construction permit application does involve some delay in

issuance of a construct _on permit (approximately six to eight weeks,

under current procedures), and thera is- a question as to whether the

safety benefit derived from the limited board review warrants the time

delay. However, from the standpoint of public participation and

understanding, tha hearing does appear useful and the delay could be

mitigated if the hearing were held earlier in the development of the

plant, as previously discussed.
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One further matter warrants comment in connection with the

subject of hearings. It was suggested to the Study Group that the

role of the hearing board in an uncontested case might call for

enlargement if there were a change in the present statutory require-

ment for ACRS review of each construction permit application. The

Study Group does not agree with this view. The lack of need for

an ACRS review - premised, presumably, on the absence of substantial

or novel safety questions and confidence in the competence of the

regulatory staff - should not be grounds for expanding the review

function of the board. In this connection, it was recognized by
1

all who co=mented to the Study Group that hearing boards, by virtue

of their aci hoc composition, their discontinuous service and the
i

constraints imposed by the limited periods for which they sit, are

not in a position to carry out a comprehensive technical review of

individual reactor applications. These circumstances further support

the Group's view that the role of the boards should not be enlarged.

.

/

|

!
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-TECHNICAL ISSUES * '
,

Attached you wil1 find, in accordance with your. oral request,,,

discussion of some technical issues I believe to be important
subjects for Coiinission consideration, although not necessa'rily
in the imediate future. The list is confined to reactor safety
topics."

I have also appended a list of some reactor safety policy issues
that have come to my attention in technical reviews. . .

;

j These enclosures represent my personal views and have not been
j staffed out with the organizations normally concerned with such

matters. lo ,
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IMPORTA!1T TECilHICAl. Ri.' ACTOR SAFETY ISSUES FACING THE C0:tilSSION N05.!F
-

OR IN Tl!E HEAR FUTURE
. ,

~

.
~

.

.

i 1. Design Objectives and Safety Desion Basis for Water Reactors

Although your mother-in-la'w and your Congressman will tell you that
'

the safety goal is zero-risk, we know that this is unattainable-and that
some non-zero risk must be accepted in all activities. The social questioni

involying cost / risk / benefit comparisons of the various alternatives that '

are realistically available needs t'o be established. The Rasmussen Study
made an importent first step in quantitative risk evaluation but the
technology is not yet available to resolve this question in a completely,

quantitative way. The study has pointed out a disparity between (a) cur |
present " design basis" safety approach 'in which all potential accidents

-

'

are either put into the design basis for complete mitigation or remain>

f outside the design basis and have no safeguards ' compared to (b) the more ,

realistic viewpoint of'a spectrum of accidents each with probability and
'

'

consequences of its own. Serious consideration should be given to modifying ;

the present all-or-nothing approach in the light of reality.
'

.

2. Design OS,iectives and Safety Desian Basis for Non-Water Reactors

.
~ For non-water reactors, we have neither the operating experience nor

; the Safety Study to guide us.in developing . criteria. The situation is
reasonably well in hand for hT,GRs, but the potential for autccatalytic |

positive feedback leading to core nuclear, explosions in LMFBRs is creating
'

great uncertainty regarding their design requirements. Calculations of'

such violent events are increasing in scope and sophistication. However,

the results presently depend to a considerable extent on the phenomena
postulated to occur. For the near term, the staff has already decided

'

that a core disassembly accident must be'part of the 1.icensing design'

basi s.. This decision is subject to future revision based on further research
that ERDA is convinced will show that such events are so improbable they need

-

not be considered.
,

.

Adequate safety must be provided. Too much safety - added safety equipment
not actually needed to provide adequate safety - wastes scarce and valuable

Attention to improbable severe postulated events tends to short-resources.
change more probable but less severe accidents that should be considered..

An important corollary issue is whether the planned LMFBR safety research.
programs meet the totality of HRC needs.

-
.
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3. Reliability and the Single Failure Criteria
'

NRC has not established quantitative reliability criteria for safety-
related systems. The operating plants are one of our chief sources of .

:

information but we do not know whether the rate of abnormal occurrences
q now being experienced is a satisfactory one or not. We do know that'

nuclear unit availabilities and capacities are not satisfactory. We need '
to find out whether safety system availability is satisfactory and to
improve whatever aspects of reliability need improving.

.

'

4. liuman Performance " . '
1 -

} Present designs do not make adequate provision for the limitations of
a people. Me'ans must be found to improve the performance 'of the people
I on whom 'we depend and to improve the design of equipment so that it is {

1

l less independent on human performance. |
.

.

I -

I The potential for internal and external sabotage constituting a public
| safety hazard, and the degree to which design and operation needs to take l

sabotage into account, need to be delineated. Studies now underway should,

i help, but some of the issues are non-technical. ~In spite of this difficulty,
! technical criteria are needed.,

|

~ The relative roles of human operation and automation (both with and without_" on-line computers) should be clarified. Criteria are needed regarding allowable
computerized safety-related fu'nctions and computer hardware and softwara
requirements for safety-related applicat. ions.

I. 5. Plutonium Dose Criteria
l
! Present accident dose guidelines values are given only for whole-body

.

1 and thyroid doses. Other dose components (lung, GI tr.act, bone) should be
I covered by similar guidelines. A number (or numbers) for plutonium
} is particularly badly needed and will be particularly hard to establish. -

!<
-

6. Siting
.

' .

I

Present criteria for siting are in need of improvement in the followingi

areas:
i

'

! a. The design basis external events now in use for. licensing are founded
on various schemes for estimating a " probable maximum" event. We do not have

g any good way of estimating the return interval or the frequency of the -

| earthquake or flood calculated.in this way. Furt.hermore we are not likely
to develop good methods for doing so in the near future because of the short'

j l
,

i
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history (a few hundred years at best) and the long recurrence interval desired
(sometimes we talk about a million years). Various developmental methods

2 for estimating frequencies of design basis events, chosen as we choose them,
| give recurrence intervals substantially shorter than a million years. The

i lack of knowledge and the desire to be conservative is going to make
'

resolution of this problem very. difficult.
'

'

, ,

b. Our population siting criteria are indefinite at best. The applicant
is required to study populetion distributions around a site and to project

|
them for the life of the plant which, of course, he can do only very crudely, -

but our criterion for population distribution surrounding the plant are very
vague. Recent attempts to be more quantitative in.this area met with' great
resistance from the industry and from the old AEC. They tend to be over-
simplified, but I believe vie could do better than has been done. A related

.

problem is our present total lack of control over what goes in near the
plant after' the site is approved. We have some vague words about the

; licens.ee's responsibility to stay informed about subdivisions, ammunition
1 plants, LNG terminals and other post construction materialization of things
: that would have made the site unacceptable if known before licensing. Someday

( some operating reactor is going to have a new neighbor of a really abominable
j kind and we are going to have trouble coping with it.

c. I believe we are not being serious enough about siting alternatives
.that may offer substantial safety improvements. An obvious example is
underground siting about which we are just starting a study in RES.

'

7.. Degree of Detail and Realism in Safety Evaluations
.

The great improvement in computer codes available for use in analyzing
the course and consequences of postulated accidents has rather naturally led
to a corresponding increase in the depth and detail of Regulatory review of
these accidents. On the face of it this is a good thing. It. leads to better
technical understanding and increased realism in evaluations. But is overall
safety review enhanced by s'uch detailed examination of certain design basis
accidents? It is at least arguable that a broad brush treatment, with plenty

, of arbitrary conservatisms, gives at least as much safety with a lot less.

work on everybody's part. A recent and obvious example is the new ECCS
regulation, which specifies in gory detail exactly how theseralculations are

,

to be made. There are many arguments for and against use of such details and
the subject is cbout right for reopening, in my opinion.

| A related subject is the very large increase in the capability of the NRC
staff to mahn inJaper. dent calculations in many eccident areas. This has
proved to be invaluable in increasing the staff's technical * understanding
and should be centinued even if seme of the details are recognized as too,

detailed for licensing.

I

.
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j 8. Fuel Pe.'formance
,

.., . .

I. The perfemance of light water reactor fuel in nomal service has been '

' disappointing to say the least. One would have thought that by this time
fuel technology would be well developed. The appearance of such difficulties
as densification, hydriding, hot pellets, and the recent incident at Dresden
where a transient, well within all limits, resulted in unexpected fuel
failures - all tell us that fuel technology is not in as good a' state as we
thought. The related technology of establishing fuel damage limits under

,

accident conditions is even less well established, principally because PBF
is so maliy years late.

"

9. Pu Recycle
. .

*

,
,

.

This is not primarily- a reactor problem. The reactor aspects seem to
' me to lie adequately in hand. -

_
-
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; REACTOR SAFETY POLICY ISSUES
'

,

; -

'
; . .

1. Internal cuality Assurance .

. ,

I We are not taking our own medicine with regard to a quality assurance ,

2 program in Reg. We do not have a quality assurance organization, independent
! of the line, reporting to higher management and we have very little auditing

and QA in the line. If 10 CFR 50, Appendix B, is good stuff, then it should
be applied to the NRC organization. This must be applied to the quality
of our product - safety decisions as well as the quantity and timeliness
of our output. -

~
- .- '-

.
* " - - -

3

2. Making Better. Faster and More Generic Decisions
,

Our recent record is mixed. A good example is ATWS a'nd a bad example;
; is turbine missiles, about which we seem not to be able to make up our

*
: minds. f ture technical safety review should not be endless and mindless

repetition of what we have been doing for the past couple of years but'

rather consolidation into general decisions and general principles, better
,

identification of what is truly important (risk evaluation?), and increasing
automation of routine evaluattas. .

,

3. Stabilization of Reaulation Requirements and Standardization of Desians
,

Our recent reviews of the standardized designs that have been submittedt

j and recent discussions on standardization (and piggy-back) show the
i following:

,

a. The standardization designs submitted are not consolidations of
previous experience. The proposed standard desigr.- include a large number
of " improvements" not yet actually designed. So, these first standard cps<

will be based on .a bunch of promises, even more than recent custom cps.
6

b. New information from design and operating experience and safety
research programs, and new insights as a result of this experience and
research have pointed the way to improvements in safety that seem worth-,3

|
while and in some cases necessary. The pace and guidelines of the standard|

; - reviews has not permitted implementation of these, so they are hanging over
i our heads as a serious threat to standardization.
! .

|
'

c. As a result of a. and b. and of the lontj tirae lag between today's
bunch of promises and construction-and operation of standard plants, more -t

.

| attention needs to be paid to the execution of standardization over the
next several years and stabilization of Reg requirements.

|j
-
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4. Too fiany Surprism -

'

| This is closely i elated to Item 3. In the past couple of years surprises
have cmic both froia operating experience and from improved understanding
by both P.cq and the industry of safety problems we thought were put to bed.
An c!wious exa:aple is all the trouble we had with ECCS evaluation models. '

) Innovation by applicants will continue to generate surprises. We must
develop methods for dealing with these surprises, in cases and generically,,

without hcving a fire drill each time.
.
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redundancy in most syste=s important to safety. Sece
proble=s exist in specific interpretations and applicaciens
of the Single Failure Criterien, und these are the subject,

i f engoing work.
. , .

As, for the future, the verk underway will serve te cedify
,

.

'

and make core censistent cur acclicati^m ae +ha C-i'a-icn l
in the licensing review process. It is expected that

probabilistic methocs of the type used in the Reactor Safety
Study will gradually cece into increasing use and supple:ent -

the Single Failure Criteri,en, ,,
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INFORMATION REPORT
,

BY THE

OFFICE OF NUCLEAR REACTOR REGULATION

ON THE

SINGLE FAILUdE CRITERION

.

1. INTRODUCTION

The Single Failure Criterion is just ene of several tools applied in
.

syste=s design and analysis to precote reliability of the syste=s which
are needed in a nuclear power plant for safe shutdown and coolin5, and
for mitigation of the consequences of postulated accidents. It is not
sufficient by itself. Rules of good design practice, such as those prprequired by the ASME Boiler and Pressure Code, IEEE standards. cuality
4{surance requirecents anc conservatively stipulated desien conditions,

must aAso oe ut1112ed to ensure that hign quality and hignly reliable
systecs, componenLs and structures are proviceo.

The Single Failure Criterion, as a design and analysis tool, has the
direct objective of promoting reliability through the enforced provision ,

of redundancy in those syste=s which =ust perform a safety-related function.
Simply stated, application of the single Failure Criterion requires tnat
a system which is designed to perfor= a defined safety function cust jp.
be capable of reeting its obiectives assumine the failure of any =ajor *%
co;ponent within the system or in an associated system which su: ports
its operatien.

-_ ..

The Single Failure Criterion was developed without the benefit of numerical j#p#assenssents en the probabilities of component or. system failure. Mcwever,
in applying the Criterion, it is not assumed that any conceivable failure

, . ,
could occur. For example, reactor vessels or certain types of structural
ele:ents within syste=s, when combined with other unlikely events, are
not assumed to fall because the probabilities of the resulting scenarios
of events are deeced to be sufficiently :all that they need not be
considered. ,In, general only these sys,te=s or cc ponents which are judged ,,-.

.to have a credible chance of failure are assumed to
,

e il vhan *"a **nglem

Failure Critericn is appliec. Such failures would include, for example,
the failure of a valve to caen or close en demand, the failure of an
emergency diesel generator te start er the failure c' *-etrument="

channel to function. A_ single failure can also be a short circuit in

an electrical bus that results in tne la21ure of several electrically gp##

operated cosponents to function.

-
.

|

|
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The Single Failure Criterion, thrcugh enforced provision of redundancy,
does not give absolute assurance of re_ liability. The Reactor Safety
Study (WASH-1400) indicates that application of the Single Failure
Criterion to the plants that were studied did provide an acceptable ~

degree of hardware redundancy for cost systecs. Mcwever, the Reactor :=m
|, Safety Study also pointed out that factors such as systems interactions,cultiple huran errors, and maintensnee and testing recuirerents also

have an influence on reliability. Such factors fall outside the scope
of tne single rallure Criterion, and supplementary methods cust be '

utilised in their study. #,a j
|

At the present time, the Single Failure Criterion is codified in Appendix A -

to 10 CFR 50 (General Design Criteria) and in 'ppendix K (ECCS Evaluation
| |

Models); in addition, wv _r. sU.55_a (Codes and stancards) akes candatory
the use of the ASME Code and of IEEE Std 279 which contains the Single
F. allure Criterion. Further interpretation and guidance on the application
of the Single Failure Criterion is given in the Standard Review Plan and
Regulatory Guides (e.5., Standard Review Plan Section J.6.,1 describe its
application in the event of postulated piping failures outside contain=ent,
and Regulatory Guide 1.53 enderses IEEE Std R79 which describes in detail
how the Single Failure Criterien defined in IEEE Std 279 is applied to
electrical and instrucentation systems).

L

2. IMPORTANT ELEMENTS OF THE SINGLE FAILURE CRITERION

A. The Ccncect '-

I principle, the Single Failure Criterion is straightforward. Simply
stated it is a require ent that a systec which is designed to carry out
a defined safety function (e.g. , an Emergency Core Cooling System) must
be capable of carrying out its mission in spite of the failure of any single |
cocyonent within the system or in an associated system which supports its
operation. Application of the concept is cocolicated by the interrelation-

.. i,

ships between the various fluid and electrical syste=s and their supporting '

auxiliaries in a nucIcar cower ''>nt. Furthercore, there is a need to
stipulate the events and associated assumptiens which cust be censidereda

during application of the Single Failure Criterion.

Application of the S}ngle Failure Criterion involves a s_vstematic search
for potential single failure points and their effects on prescribec cissions
(i.e., Failure Modes and Effects Analysis). Such a search is required
by our Standard Review Plan and the Standard Ferrat for the Cor. tent of
Safety Analysis Reports for specified safety syste=s and co:ponents. [g,e

p65 4 e n * km is to search for design weaknesses which cculd be overcome bygj

increased redundancy, use of alternate systess or use of alternate procedures.~

. _ _
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B. Definition of Single Failure

Single failure is defined in 10 CFR 50 Appendix A As follows:

#"A single failure means an occurrence which results *#

in the loss of capability of a component to perfor=
its intended safety functions. Multiple failures w# "#

resulting from a single occurrence are consider'ed to
be a single failure. Fluid and electric syste=s are '

considered to be designed against an assumed single
failure if neither (1) a single failure of any active
component (assuming passive co:ponents function

.

properly) nor (2) a single failure of a passive com-
ponent (assu=ing active cocponents function properly),
results in a loss of capability of the system to
perform its safety functions. "

#A footnote to this definition states that " single failures of passive y##
components in electric systems should be assumed in designing against a
single failure." This means that for electric systers no distinction
is cade between failures of act(gg_and cassive cocoonents and all such #b

rallures must be considered in applying the Single Failure Criterion.
For example, short circuits in electrical cables must be considered even
though a short circuit could be regarded as a failure of a passive
co:ponent.

s.
With regard to passive cocpenents in fluid svstems, the footnote further
states, "The conditions under which a single failure of a passive co - g,ponent in a fluid syste: should be considered in designing the system --m ..against a single failure are under development."

.

While considerable progress has been cade in defining the nature of passive
component failures which should be considered in the licensing review process,

gp/"no change to the regulation has been cade since 1969. In application of the
,

,

Single Failure Criterion to fluid syv.aus, Section 6.3 of the Standard Re-
view Plan requires consideration of passive failures in the Emergency Core
Cooling System during the recirculation cooling code following emergency

l coolant injection, but does not define the nature of such failures. Other
interpretations of the Criterion for passive co:ponents have been cade on
the basis of detailed engineering evaluatiens' conducted during licensing'
reviews, but with some staff disagreement. For example, g -g
(Issue 7) h's a detailed discussion of passive failures follow 2ng a Lossa

of Coolant Accident, and NUREG-0153 (Issue 17) has a detailed discussion
of passive type valve failures. This subject is also su==arized in
Section 4 below and the status of standards development pertinent to this
subject is su= arized in Section 6. The following definitions of single
active and passive failures in fluid syste:s important to safety are
pertinent to the discussion of the Single Failure Criterien.

-. - - - - - - - - - - - ~ ~ - -- -
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C. Active Failura in a Fluid System

An active failure in a fluid system ceans (1) the failure of a ecmponent
which relies on mechanical movement for its operation to cccplete its
intended function on demand, or (2) an unintended movement of the component.
Examples include the failure of a motor- or air-operated valve to move
or to assu=e its correct position on demand, spurious opening or closing
of a motor- or air-operated valve, or the failure of a pump to start or
to stop on demand. In some instances such failures can be induced by '

operator error.

D. Passive Failure in a Fluid System

A passive failure in a fluid system means a breach in the fluid pressure
boundary or a mechanical failure which adversely affects a flew path.
Example.s include the failure of a simple check valve to move to its correct
position when required, the leakage of fluid from failed components, such '

as pipes and valves--particularly through a failed seal at a valve or pump--
or line blockage. Motor-operated valves which have the source of power
locked out are allowed to be treated as passive components.

In the study of passive failures it is current practice to assume fluid
leakage owing to gross failure of a pump or valve seal during the long-
term coolin5 mode following a LOCA (24 hours or greater after the event)
but not pipe breaks. No other passive failures are required to be assumed
because it is judged that compounding of probabilities associated with ''

other types of passive failures, following the pipe break associated with
a LOCA, results in probabilities sufficiently small that they can be reasonably,

discounted without substantially affecting overall systems reliability. ~

.

It should be noted that c_omponents imoortant to safety are designed to
withstand hasardous events suen as earthquakes. Nevertheless, in keeping
with the defense in depth approach, the staff does consider the effects ~ # ^pj#
of certain passive failures (e.g., check valve failure, medium or high
energy pipe failure, valve stem or bonnet failure) as potential accident
initiating events.

3 APPLICATION OF THE SINGLE FAILURE CRITERION

As noted previously, the events and associated assumptions which are con-
sidered in connection with application of the Single Failure Criterion
must be defined for specific systems. The basic events and assumptions
are defined in the General Design Criteria.

. . . . .
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A variety of design basis events which initiata a requirement for safety
-

system action cust be considered in the overall safety evaluation of a
plant. In general, each of these initiating events requires an assess-
ment of the equipment da= age that could occur as a direct consequence of
the event. The Single Failure Criterion is applied to those syste=s which
cust function after consequential equip =ent failures have been taken into
account.

The General Design Criteria sake it clear that for electrical, instru=entation-
and control systems, application of the Single Failure Crfterion to syste=s
evaluation depends not only on the initiating event tnat invokes safety
action of these systems, together with consequential failures, but also
on active or passive electrical failures which can occur independent of
the event. Thus, evaluation proceeds on the proposition that single
failures can occur at any time.

In contrast, for various fluid systems the General Design Criteria require
that the safety function be accomplished in the face of certain conservative
assumptions in addition to application of the Single Failure Criterion. In
general, these assumptions involve (1) the unavailability of offsite or .
onsite power and (2) the postulated initiatine fai'"re. In the case of a
loss of coolant accident, for example, it is first assumed that a primary
system pipe rupture occurs with consequential blowdown of pri=ary coolant.

Simultaneous with the pipe rupture, it is assumed that only the
powersourceortheonsiteemergencypowersourceisavailable.g{fsiteThese
assu=ptions are applied in addition to the Single Failure Criterion which ,

is applied to the aggregate of syste=s required to fulfill each specific
safety function.

.

The canner in which the Single Failure Criterion is currently applied to
various specific classes of safety related syste=s is outlined below.

A. Electrical, Instrumentation and Centrol Systees

The general interpretation and application of the Single Failure Criterion
o electrical, instrumentation and control syste=s is stated in IEEE Std ##g#379 as follows:

-

"The system shall be capable of performing the protective
actions required to accocplish a protective function in
the presence of any single detectable failure within the
system [this is the " single failure"] ccccurrent with all
identifiable, but non-detectable failures, all failures'

occurring as a result of the single failure, and all
failures which would be caused by the design basis event
requiring the protective function."

(1) Successful emergency systems perfor:ance cust be demonstrated with
either offsite or ensite pcwer, assu=ing a single failure.

. . _ . . _ . . . . .. _ . . . .. _ . . - . . _ . - - _ _ _ .-
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Therefore, in the analysis to datermina if a particular cicctrical,
instru=entation or control system meets the Single Failure Criterion
the following postulates are cade: _

#
(1) First, the particular design basis event or accident is b#

postulated to occur, along with any related or consequential
failures that could result from it.

(2) Then, the analysis assumes the presence of all identifiable ,pr ,

failures which cannot be detected or tested in the design
or which are not in fact subject to surveillance tests as
set forth in the Technical Specifications.

.

(3) Finally, the presence of a single additional detectable b"#
failure is assumed in assessing the capability of the system
to provide the necessary protection for the design basis
event.,

Analyses are perforced in this canner to de onstrate the adequacy of the
, electrical, instru=entation and control systeos design over the full range
j of pcstulated design basis events or accidents and worst case single failures.

There is a special interpretation of the Criterion (Section 4.7 of T EE W#
! Std 279) which specifically addresses designs in which safety-related

instrumentation or controls are also used to provide inputs to non-safety
related plant control systems. In such a design it is required that where
a single random failure in the safety-related system can cause a control ''

syst.em action that results in a generating station condition requiring
protective action and can also prevent proper action of a protection
system channel designed to protect against the condition, the remaining -

redundant protection channels shall be capable of providing the protective
action even when degraded by a second rando: failure. This special
inte'rpretation of the Single Failure Criterion l's specific for the design

; cited above, and it is not applied to safety-related electric power systess. ,

:

i The general int.erpretation of the Single Failure Criterion is applicable to 6###
safety-related electric power systees. However, the offsite power system-

. is an exception.$ The specific requirements of General Design Criterion 17
'

take precedence over the rigorous application of the Single Failure Cri-
terion; 1.e., an offsite power system co= prised of cne delayed access

~

circuit and one iscediate access circuit is deeced acceptable. The basis
for this position is that a second icmediate access circuit would not

significantly loprove the availability of offsite power at the e=ergency
buses. This has been established by an analysis using reliability data
and not the Single Failure Criterien.

;

... - -- --



y-
3

.

'

B. Emerzenev Core Cooling Syste=s

In-applying the Single Failure Criterion to Emergency Core Cooling Systems
which must function following postulated loss of coolant accidents, the feprequiremonts of Genocal Design Criterion 35 - Emergency Core Cooling - are
followed. Therein it is stipulated that following a postulateo loss of
coolant accident, suitable redundancy in equipment shall be provided to
assure that for onsite electric power system operation (assuming offsite
power is not available) and for offsite electric power system operation '

(assu=ing onsite power is not available) the ECCS safety function can e
accceplished, assu=ing the most limiting additional single failure.
Appendix K to 10 CFR 50 requires that the only ECCS subsyste=s to be

,

assumed available are those operable after the cost damaging additional
single failure of ECCS equipment has taken place. Selection of the single
failure to be applied to the emergency core cooling syste= is made independent
of the size or location of the postulated pipe break in the reactor coolant
system. Thus, for each postulated pipe break, that single failure which
results in minimum emergency core cooling perfor:ance is considered in
judging the adequacy of the system. For exa=ple, this could be failure
of a cocponent in a redundant ECCS subsystem or the loss of an emergency ~
diesel generator in addition to the less of all offsite pcuer.

During the short-term ECCS coolant injection mode immediately following
a loss of coolant accident, the most limiting single active failure is
considered in evaluating syste=s perfor:ance capability.

s.
During the long-term ECCS recirculation cooling mode the cost limiting
active failure, or a single passive failure equal to the leakage that would
occur from a valve or pump seal failure, is assuced. The basis for not

,

including other passive failures during the long term is based on engineering
judg:ent that such failures (pipe or valve breaks) have an acceptably
low likelihood of occurrence during the long-term phase of a loss-of-
coolant accident. Analyses of ECCS perforcance in WASH-1400 indicate

^that passive failures of valves and piping are relatively small
contributors to ECCS unavailability during both the injection and recir-
culation modes of operation.

C. Contain:ent Heat Removal and Cleanuo Systees

| s

General Design Criterion 38 - Contain:ent Heat Removal - requires the
provision ot a system to rapidly reduce containment pressure and tempera-
ture folleving any LOCA. While current practice is to apply only an active
ccepcnent failure to the evaluation of the perfor=ance of these systecs,
cccponent redundancy ensures their availability even in the presence of
some possible passive failures.

.. _ _ e- .
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General Design Criterion 41 - Containment Atmosphere Cleanup - requires
systems to control fission products, hydrogen, oxygen, and other substances
which cay be released into containment. Inese systems must be capable
of functioning with either onsite or offsite power. Contaminants car enter
the centainment due to a variety of events, such as a LOCA. The Single
Failure Criterion is applied subsequent to the postulated event and, in
evaluating these syste=s, only active failures are considered, except in
instances where components may be shared with ECCS systems. In such cases, '

the possibility of seal leakage is considered in the long-term ECCS
recirculation mode.

D. Residual Heat Re= oval Svste
.

The capability for residual heat removal must be available using onsite
or offsite power, assuming an additional single failure. To acec=modate
certain single failures, for the older class ot plants, the staff has ,,egeccepted use of the auxiliary feedwater syste= as a backup to the residual
heat removal system. -or current designs, the resicual heat removal syst. .
has been codified to include ' additional piping and valves such that the'
systes now has additional flexibility to perfor= its function even after

j a wide range of possible single failures. Also, as part of current staff
' reviews, certain initiating events have been postulated which are related

to the Single Failure Criterion. These events involve application of the
pipe break criteria for =oderate energy lines located outside of containment
as described in Standard Review Plan 3.6.1. Thus, the staff applies a s.
limited passive failure as an initiating event for the residual heat re-
moval system. For this event, no additional single failure is applied
to the Residual Heat Receval System.

.-

E. 'Ulti ate Heat Sink

; Gener'al Design Criterion 44 - Cooling Water - requires a sy. '.ec to transfer
heat from systems, sw ov ares, and components important to safety to an

_

,
,,

ultimate heat sink under normal operating and accident conditions. The
syste= must be capable of carrying out its function using either onsite
or offsite power assuming any single failure. The requirements of the
Single Failure Criterion are applied in a =anner similar to that which is
applied to residual heat removal syste=s.

,

F. Containment Pioine Fenetrations

Requiresents for isolation valves on containment penetrations are define'd
in the General Design Criteria. The require:ents~ anticipate the possibility
of single active failure of isolation valves in each line by requiring double
barriers. The Single Failure Criterion is also applied to the plant pro-
tection devices which initiate autocatic closure of such isolation devices.

.

I
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4. ?ROBLEMS THAT HAVE BEEN ENCOUNTERED IN THE A??LICATION OF THE SINGLE b#

FAILURE CRITERION ~

A. Additional Passive Failures ## 3

As stated previously, there is a footnote in the General Design Criteria
that the conditions under which single passive failures snould oe con-

#sidered in applying the Single Failure Criterion to fluid syste=s are 9# -

under development. That footnote was included when the Criteria were
published in 1969 During subsequent years staff assumptions regarding
he nature of passive failures which should be considered have not been

,

ccapletely consistent and there has been some disa ree-ent. However, on
the basis of the licensing review experience accu =ulated in the period
since 1969, it has been judged in most instances that the probability of
cost types of passive failures in fluid syste=s is sufficiently s=all that
they need not be assumed in acoltion to the initiating failure in application I
of the Single Failure Criterion to assure safety of a nuclear power plant.
..is opinion appears to have been verified by the Reactor Safety Study.,
Nevertheless, it is receiving further study.

In some licensing review areas, the staff does impose a passive failure*

in addition to the initiating event, while in others it does not. As pre-
viously centioned, an example of the application of a passive failure
require =ent is the approach to long-term recovery subsequent to a less-of-
coolant accident. Applicants are required to consider degradation of a s.
pump or valve seal and resulting leakages in addition to the initiating
failure (LOCA). The rationale for applying this type of failure is a
recognition of the relatively extended periods of required operation of
syste=s that are expected to be on a standby status throughout the plant
life. The likelihood of accelerated wear of such cocponents as pump and *

valve seals would be increased after the adverse conditions following a
LOCA. Extended operation during the long ter= (up to conths) requires
that these types of failures be considered in designing the plant. The
_ sis for excludin5 additional passive piping failures is elaborated in

detail in NUREG-0138, Issue 7. Other examples of passive failure con-
siderations are presented in Section 4.B.

B. Valve Failures
,

| A variety of valve functions and valve types exist in each nuclear plant.
Valve functions include isolating flew, controlling flow, admitting flow,
and preventing ficw reversal. Valve types include these that are electri-
cally controlled and cperated, electrically controlled and air operated,

,
:anually controlled and operated, manually centrolled and electrically
operated, spring operated, and self actuated (check valves).

.
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Accordingly, a variety of failure modes can be postulated for valves within
the application of the Single Failure Criterion. Certain passive-type
valve failure modes have occurred (for example, dropping of a valve disc).
This has resulted in a reevaluation of postulated valve failures. NUREG-0153_
(Issue 17) concludes that while the staff does not consider that changes
in safety criteria are warranted at this time, ongoing efforts regarding
the probability and effects of various valve failure modes will seek to
compile a more rigorous data base and will apply such infor:ation to plant -

safety analyses. This effort has been classed as a Category B generic task.
,

'

C. Electrical Failures
,

'

In order to provide an electrical, instrumentation and control system;

design to satisfy the Single Failure Criterion, redundancy is included.
The degree of redundancy (i.e., the number of " independent" divisions

'

i of equipment) depends on many design considerations. Provisions are
typically included to prevent the initiating event from affecting the
electrical, instrenentation and contr61 systems. .

If it is postulated that the failure of a portion of the safety-related
electrical, instrucentation and control syste=s is the initiator of a design
basis event, then the general interpretation of the Single Failure Criterion,

b"#discussed in Section 3.A, is not applicable to the re=aining portions of the
gystem. In such cases suppletantary analyses are relied upon to evaluate

@ he reliability of the systers in question. s.

#In the case of the current issue en the reliability of the safety-related y#
direct current power systems as raised by an ACRS consultant, the postulated

~

,,

initiating event is failure of one division of a two division system. How-
ever, this DC power system design does meet,the general interpretation of.

the Single Failure Criterion, but it is not covered by the s;ecial inter-
pretation ncted in Section 3.A for specific safety-related instrumentation.

''
and control syste=s. Therefore, the staff evaluation of this issue, sut=a-

#rised in NUREG-0305, was based upon reliability data and not th; Single >#i

Failure Urlterion. It was concluded that the likelihood of occurrence of
'

the pcstulated sequence of events is low enough to permit continued opera-
', tion and licensing of plants pending further assess =ents. It is possible

that new requirements to assure greater reliability of DC pcwer systems
, .

- may result from t,he engoing study. It is a Category A generic task.
,

' '

;

i

|
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D. Clasoirication of Events-

Recent staff work related to issues raised in dissent.or portaining to
reactor transient event classifications and consequence criteria has
disclosed some confusion on how to handle certain infrequent transients b##

which do not have public consequences as severe as " accidents". The con-
fusion ste=s pri=arily from the differences in event classification from
vendor to vendor, among standards writing bodies and within NBC. A study

; is underway within the Reactor Syste=s Branch to develop a " unified" event .

classification scheme. It is expected to be conpleted in early 1978. While
this study is not aimed at application of the Single Failure Criterion,
it is expected that for scoe events it will bring into sharper definition-

the circu= stances under which the Criterion should or should not be applied.'

For example, a moderate frequency transient such as a_ feedwater calfunction
is routinely analyzed in Safety Analysis Reports. An additional single

j failure concurrent with the feedwater =alfunction cay result in a compound
event which, because of the multiple failures, has a lower probability and:

! therefore a different classification. Less stringent acceptance criteria'
cay then be appropriate. The above study will examine such additional
single failures as they apply to acceptance criteria for transients and
accidents. This study has been classed as a Category B Seneric task.,

.

: E. 0:erator Error
.

t

#'

#|n operator error could cause an active single failure, such as inad 6#
vertent valve closure. In many instances censideration of such single
operator errors is given in licensing reviews; however, the de5ree to ,

-

dn2cn any given cperator error is considered reasonably equivalent to the
likelihood of a single active failure is based on judgments made concernin5 b##

4/ the situation. For exa:ple, in studying the effects of an operator error ~~

of "ocission" (failure to perfor= an action), if there is time to bring a
system on line through remedial operator action,, reliance on such action isI
permi t ted. On the other hand, in cases where rapid actuation of engineeredj -

, f arety systc=s is required, the actuation is required to be automatic and "
F operator independent. *-

3 Increasin; attention is being given to human reliability in an effort
to adopt uore definitive criteria for the role of the operator in citi-
gating the consequences of transients or accidents. A Regulatory Guide
is currently being developed in conjunction with staff review of the '

proposed Sye,d'-d ANSI-N660 "Propcsed ANS Criteria for Safety-Related
Operator Actions." Increasing activities in human reliability will assist
the staff in developing a more rigorous basis for assessing operator
involvement in plant safety.

.
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5. INSIGHTS OF THE REiCTOR SAFETY STUDY RELATIVE TO THE SINGLE FAILURE.

CRITERION
,

The Reactor Safety Study ('4 ASH-1400) ' assessed a pressurized water and a
boiling water reactor design. The Single Failure Criterion had been applied
in the design and Regulatory review processes for these' plants, generally
as outlined in the preceding sections. Although the Single Failure Criterion
is not a quantitative design and analysis tool, the numerical assesscents,

,

in the Reactor Safety Study indicate that its application, through enforced
provision of component and systems redundancy, has cade an important and;

; necessary contribution to the overall reliability of nuclear plant safety
systecs. The assessments in the Reactor Safety Study also indicate that -,

supplementary methods of analysis must be utilized to study effects on,

reliability which are beyond the scope of the Single Failure Criterion.
The principal insights gained from this study are briefly su==arized below:

:
* (1) Application of the Single Failure Criterion has led to a suitable

level of hardware redundancy in most systems. The level of
redundancy thus provided has, for cany safety syste=s, resulted.,

in systems reliability being controlled by such factors as human,
'

and cperational interactions (i.e., hu=an errors, test and maintenance
downtimes, test intervals) rather than potential single design

~

failures as defined in the Single Failure Criterion.

Quantitative optimization of reliability in terms of such non-
hardware factors would require the review of information beyond ''

that now considered in the licensing process.

(2) The Single Failure Criterion must be supple =ented by methods -

and criteria in the area of ec mon tode assessments if improved
reliability characteristics for safety syste=s are necessary.' - Although the effects of co= mon mode failure are not now quahti-'

tatively considered in licensing safety reviews, considerable '-

attention is given to reducing the potential for the occurrence
of co mon mode failures through stringent application of high-quality
design and quality assurance require =ents to various components.
For exaaple, considerab}e attention is given to reducing the
potential for multiple electrical relay failures such as might
arise from a generic design defect in c~oeponents supplied by a-

'

single canufacturer.

I

;

: -

!

!
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(3) Th9 probability of accidsnt saquences resulting in core celt-
down were found by the RSS to be importantly influenced by system
to system interactions and by. functional dependencies between
syste=s. These functional dependencies can be considered as
a class of interactions where the functioning of cne syste= depends
;n eb&lere4 A r rundt!en!dt of seethfr syst+s. Redindancy of
components within syste=s, candated by the Single Fall. ire Criterion,
does not ameliorate the functional dependence. Thus, application
of the Single Failure Criterion requires supple = ental methods

,

and use of an integrated syste=s approach to identify such func-
ticnal dependencies if it is desired to further reduce accident
risk.

.

6. ACTIVITIES RELATED TO CLARIFYING AND IMPROVING APPLICATION OF THE

SINGLE FAILURE CRITERION

A nt=ber of technical activities by various nuclear industry groups and
'

by the Offices of Standards Development and Nuclear Reactor Regulation
are underway, which will have an effect on system reliability requirements
and the use of the Single Failure Criterion. These are sustarized in
this section.

.In late 1971 the American Nuclear Society initiated a standards writing *#

effort with the objective of setting forth a clear, detailed set of criteria
V# for application of the Single Failure Criterion to fluid systems. In 1975

the resulting Standard was issued as " ANSI N658 - Sincie Failure Criteria s-

for PWR Fluid Syste=s." In November or 19to, the Office of Standards
Development initiated a task to draft a Reculatory Guide endorsing the .
Standard, with appropriate exceptions, for both PWRs and BWRs. The staff ..

review of this Standard disclosed several deficiencies which relate primarily
_ fo inconsistencies with current regulatory practice and to areas in which
Vataff application of the Single Failure Criterion is not yet fully defined..

For example: (1) literally applied to " postulated pipe breaks outside
.. s

'

containment," the Standard would make no exception for certain dual purpose
! coderate energy syste=s (e.g., service water systecs) as presently provided

.

in Standard Review Plan 3.6.1; (2) some passive failures would be treated
as active failures (e.g., check valves) contrary to staff practice; and,
(3) event categorizatien is not consistent with current staff interpretation.
Nevertheless, ANSI-N658 represents a significant step toward achieving '

satisfactory criteria for application of the Single Failure Criterion to
fluid systems, and it is expected that a Regulatory Guide could be issued
in =id-1978.

|
|

|
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IEEE Std 379 was issued in 1972 as a Trial-Use Guide Tor the Application of
'

the Single Failure Criterion to Electrical, Instrumentation and Control
Systems and its application was endorsed in Regulatory Guide 1.53
IEEE Std 379 was recently updated and reissued. The subcocmittee
which prepared the Standard is currently working to develop definitive
guidance on application of the Sing 1'e Failure Criterion to shared systems
and to single operator errors. When this work is completed it is expected
that Regulatory Guide 1.53 will be revised to endorse these added require- .

ments.

Earlier this year, the Office of Nuclear Reactor Regulation initiat ed a
, formal system providing for continuing management oversight and atte., tion '

,
:to generic safety-related technical activities. A number of these gene"ic
' activities may include clarification of the conditions under which the'

' Single Failure Criterion should be applied. The Category A activities
expected to include single failure considerations are:

(1) Anticipated Transients Without Scram;
.

(2) Non-Safety Loads on Class IE Power Supplies;i

'

(3) Adequacy of Safety-Related d.c. Power Supplies; '

(4) Reactor Vessel Pressure Transient Protection;

(5) Steam Line Breaks; ''

'

(6) RHR Shutdown Requirements;
'

.<

(7) Systems Interaction; gggk

i '(8) Generic Accident Risk Study
.

.

| (9) Snubbers .

i -

,

i The Category B activities expected to include single failure
| considerations are:
,

(1) Event Categorination; *

i

(2) ECCS Reliability;

(3) Locking Out of ECCS Pcwer Operated Valves;
'

(4) Protection Against Postulated Piping Failures
in Fluid Syste=s Outside Containment;

(5) Criteria for Safety-Related Operator Actions;

(6) Passive Mechanical Failures; and
|

(7) A11cwable ECCS Equipment Outage Periods

. . .- ..-. .
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In some cases these activities are being conducted to evaluate adequacy
of previous staff positions, while in. others so=e new provisions may
result. The sin'gle failure aspects.of these activities will be utilized
as appropriate in connection with improving application of the Single
Failure Criterion.

The NRR staff is developing a plan for incorporating risk assessment
cethodology into the licensing process. Because of manpower limitations, .

and the need to train an initial cadre in risk assess =ent cethodology and
to carefully weigh impacts of its application, it is expected that appli-
cation of risk assessment =ethodology to the licensing process would neces-
sarily increase gradunlly over a period of several years. It is not expected -

that risk assessment =ethodology will come into large-scale systematic
use in the near future as a replacement for the Single Failure Criterion,

as it is now applied. It is expected, however, that reliability engineering
and probabilistic cethodologies, together with an expanding data base on
cocponent and systees failure rates, will be applied to specific studies
pertaining to reliability requirements and evaluations that go beyond the
Single Failure Criterion. The current study of the adequacy of DC powqr
supplies is an example of such an application. .

7. SUMMARY CONCLUSIONS
'

Application of the Single Failure Criterion as it is presently defined
in the regulations, Standard Review Plan, and various Regulatory Guides
and industry standards has led to a generally acceptable level of hardwar'e' .
redundancy in most electrical, control and instrumentation syste=s and
in fluid syste=s important to safety. As indicated by the Reactor Safety
Study, systems unavailabilities are controlled to a large extent by factors -

such as operator errors, syste=s interacticas, and maintenance and testing
require =ents, rather than by inadequate hardware redundancy. Some proble=s
exist in specific interpretations and applications of the Single Failure

.

Criterion and these are receiving staff attention. It is the considered,

judgment of the staff that the Single Failure Criterion should continue
to be applied subject to resolution of specific problem areas currently
defined and under study, pending any long-ter: wide-scale incorporation
of reliability and risk assessment methodology into the licensing process.

,

e
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GEIGAL ADVIf0:iY CC:ZTTEI Appendix C,

to the
U. S. Atomic Encrcy Ccamission

P. O. Box 3528
- Washington 7, D. C. ,

April 3, 1961

.

-

'

: .*: ; ,
NDr. Glenn T. Seaborg, Chairman -

U. S. Atomic Energy Cc= mission
Washington 25, D. C. .

a. . *

'

Dear Glenn:

The 73rd meeting of the General Advisory Ccemittec uns
.

held in L'ashington, D. C. on 1iarch 22, 23, and 24,1961.'

.-
With the exception of Dr. iiorcan Ramsey who attended only

- the corning session on March 24, all other members were
present during all sessions. Tacse ucre Philip H. Abelson,

-- Manson Ocnedict, W. F. Libby, Eger V. hurphree, J. C. Uarner,
Eugene P. Uigner , John H. Uilliams , and 10. S. Pitzer, as
Chairran. Also present ucre Robert A. Charpic Secretary,
and Anthony A. Torci, Acsistant_ Secretary.

The follouing rece==ridatto..: c$d actions of the
Committee are herewith presented: ,

(1) Safety Policy fnd Ornani7ation

The' GAC devote-|t most of its tiac during this meeting
to briefings and discussions on the AEC's safety policies
ard practices. We wish to record our appreciation of the
efforts of the AEC staff in preparing and presenting these

**
briefings.

- .

The Cocmittee devoted particul.'r attention to the
Commission's new organization schene or licensing and
regulatory activities. The Cct:aittee also met with the
Chairman of the ACRS ir order to understand the relationship

-. . of the ACRS to the corrission's staff activitics associated
with safety. On the b2 sis of these discussions we believe
that the AEC's regulatary activitics are presently organized
to attach all of the r tjor areas uhich require such regulation.

- The cost serious. limitation arises from a shortage of vell ..-
~~~- -

trained and abic- inspectors of-tech'nical operations. This
~

personnel shortage will limit the effectiveness of inspection
of the AEC's own operations in the nesr future..

l

.
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j The CAC will continue itr. review of the safety
i question in the future. At the present time we offer the

'

follouing co==ents and reco==endations:-

(a) Uc recon: mend that AEC policy require an
absolutely c1cor assignment of respcasibility for the safety-

of each reactor, whccher AEC owned or non-AEC ouned. In

this connection ue recorc=end the establishment of the
profession of Reactor Captain. The Reactor Captain should
be in absolute charge of a facility, in the sa:e sense as

_ _
n' ship's captain. Uc believe that the qualifications for
a Reactor Captain should be established by the AEC. He
sliould pass the Reactor Operators' cramination, houever,
he must know much core than an Operator. Captains must,,

demons,trate the thorough understanding of reactors which.-
I

absolute responsibility entails. Finally, uc do not believe
,

,- the AEC must insist on having a Reactor Captain conr,tantly
6 on duty in every reactor since there are certain very lou-'

---- - - poucred reactors which are inherently cuch 1 css hazardous
3tian other types.,

i
_ (b) Uc are concerned by fir. Johnson's report oni

inhalation hazards in our Ucstern uranium eines. Uc recognize'

that the AEC does not control the mines nor deal directly
with the mine operators. Unfortunately the AEC cannot |disavou its responsibilitics no matter hou indirect the !
adminisirative relation may be. We recc= mend that the AEC
continue to uork with the mine operators and the regulatory t

groups in the States to reduce the air contamination levels
|in the uranium mines to more satisfactory Icycis.

,

(c) We believe it would be desirable for the AEC
to be better inforced of reactor safety policies in other I

countries. It has always seemed logical to us that the IAEA
;

is a natural organisation for promoting the exchange of such ;

information. It would seem to us to be appropriate for the
-

. U. S. to take the leadership in suggesting this role for IAEA,
- An important collateral benefit to the U.S. from such an

activity vould be to increase the possibic psychological
impact to be derived frem the H. S. Savannah by making more
ports availabic to it. I

f-

1 .. (d) Uhile the scientific understandin~g-of.the;SLul " ! '
'

incident is still incompletc, the facts arc sufficiently
cicar to provide a basis for decisica concernine rnannr'e~ nt
inadequacigs. The GAC trusts that the Co:riscion action in ;
this arca vill be prompt and decisive. The CAC uill be !
interested to learn about.these actions in the near future.

\.

-
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Respectfully submitted, ,
., . .....,..

- - .-.. .. ~- _''
. _.

|
'

/s/ Ken
_ . . _ _ . .

,

i
I

K. S. Pitzer.

;
l I Chairman |'

1

1 *
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FOREWORD AND ACKNOWLEDGEMENTS

The American Physical Society has engaged over the past few years

in activities beyond those traditional for the Society. In 1973 the

Society explored mechanisms by which it could contribute to the allevia-

tion of the energy crisis. In addition to other activities, it was

decided to sponsor a study of reactor safety, an important subject with

substantial scientific and technological content. This is the report

of that year-long study by a dozen part-time participants with various,

levels of prior experience in the reactor field. The group met in Losi

Alamos during the month of August,1974, and also had approximately a
}
| dozen two-day meetings, many phone calls, and much correspondence.

The group is grateful to all the genuine experts who gave liberally

of their time in educating us about this intricate subject. In turn,

we hope that our report will help inform the scientific and technical

comunity about some of the technical issues of reactor safety.
!

We particularly acknowledge the contributions of S. Johnson, G.

Brockett, and P. Davis, who served as consultants and who pmvided con- |
(

; tinuing support to our. Study. Their patient exposition of the fine
5

points of reactor design, operation and regulation was invaluable. |
We

also particularly acknowledge the contributions of D. H. Coward, who

helped organize the group,and of H. A. Bethe, W. K. H. Panofsky, and( !

V. F. Weisskopf, who served as the APS Council Revie.; Oc,siii.i.ee.
i

*'
..

The cooperation of the reactor comunity and of experts in related

fields such as biological effects of radiation was outstanding, and we

acknowledge the help of the many representatives of the vendors, reactor

111

L
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designers, safety analysts, and others who provided us with information.

In particular, members of the staffs of the AEC* Division of Reactor |

Safety Research and of the AEC Directorate of Licensing gave willingly

of their time and resources; the individuals involved are too numerous |
to mention by name. Also, the group is grateful for briefings and coopera- |

tion from all four American vendors of light-water reactors: Babcock &

Wilcox, Combustion Engineering, General Electric, and Westinghouse. It

is fair to say that we do not feel that we have been excluded from any

information necessary to our task.**

We were fortunate that early in our study, we were given copies in

preliminary draft of the AEC-sponsored study of reactor safety (chaired by

Professor Norman Rasmussen of M.I.T. , and known as WASH-1400). WASH-1400

is a detailed event-tree and fault-tree analysis of light-water reactor

accident sequences. Its purpose was to make a quantitative estimate of

the likelihood of accident consequences of a given severity. We did not

undertake a review of that study as such, although it will be mentioned

frequently in our report.

*Since this work was begun the Atomic Energy Commission has been split
in two parts: the Energy Research and Development Administration (ERDA)
and the Nuclear Regulatory Commission (NRC), and the exact distribution
of the reponsibility that formerly resided in the AEC between ERDA and
NRC is still not clear. For this reason we have referred throughout the
report to the AEC with the understanding that the reader will interpret
all forward-looking references to the AEC as really directed to the
relevant components of ERDA or NRC.

**There is one exception. Early in our study we became interested in the
safety record (in particular primary system integrity) of naval reactors,
which, though smaller, have accumulate .w.s reactor years of service than
have the civilian reactors of comparable design. We made a major effort
to obtain sufficient information, with due regard for questions of classifi-
cation and national security, to help us in our study. We are refused

,

! any access by Admiral H.G. Rickover.
|

! iv
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The gracious hospitality of the Los Alanos Scientific Laboratory
,

and the administrative assistance of the staff of the American Physical,

; Society are also acknowledged. This Study was supported by the National
.

Science Foundation and the U.S. Atomic Energy Commission.
.

The study participants have all agreed on both the broad conclusions
"

and the more detailed individual recommendations contained in the body of
the report.

We believe this is significant in view of the diverse back-~

grounds of the group.
Our individual technical expertise ranges widely,

covering theoretical and experimental physics, chemistry, and engineering.
While a few of the group had some background in reactor safety, the

majority of the group had not previously considered these issues.
Some

of the group had participated in previous technical assessmen's of broad

national issues; for several others, this study was a first experience.

We are pleased with the degree of consensus that we have achieved; albeit
i

regretful that more time was not available for further inve'stigation of
some of the important issues involved.

1
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I. SUMMARY OF CONCLUSIONS AND MAJOR RECOMMENDATIONS

A central issue in the operation of light-water reactors is the

prevention of a major release and widespread dispersal of radioactivity,

which could have serious consequences to the public. The safety record

of light-water reacters to date has been excellent, in that there has

been no major release of radioactivity. These reactors have been de-

signed with numerous safety features, engineered to prevent foreseeable

accidents.
-

These safety features are backed up by other safety features
,

intended to prevent major release of radioactivity in the event of an

accident. Moreover, very conscientious efforts have been made in
'

developing the procedures and practices involved in licensing, quality
!

assurance, operation, and inspection of these reactors to insure sound
,

>

construction and operation wiu.in specified safety limits.
E

j In the course of this study, we have not uncovered reasons for sub-
E

i stantial short-range concern regarding risk of accidents in light-water
,

i reactors. While at present a complete quantitative assessment of
|
i all important aspects of reactor safety and behavior under unusual cir-
n

$ cumstances cannot be made, we are confident that a much better quantita-
,

tive evaluation and consequent improvements of the safety situation can be
,

j

j achieved over the next decade if certain aspects of the safety research

] program are substantially improved and the results of.the research are

| implemented. Because of the serious potential consequences of a major re-

] lease of radioactivity and i s view of existing safety-related technolog-

) ical opportunities, we believe that there should be a continuing major|
1

effort to improve light water reactor safety as well as to understand

and mitigate the consequences of possible accidents. Our re.:ommendations

L

'
.
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are directed towards these objectives. |

1

A. Safety through Careful Desion, Construction, and Operation

The safety philosophy of the nuclear industry has emphasized design
.

which can provide tolerance against malfunctions. This approach has laid

a good foundation for reactor safety, and it has resulted in reactors de-

signed, constructed, and operated for safety, not only under normal oper-

ating conditions but also in a wide range of abnormal circumstances. A

great deal of research, development, and quality control has gone into

guaranteeing the integrity of the fuel elements and cladding, the integ-

rity of the enclosing primary system, the general structural soundness

of the entire reactor, and the ability to control the reactor under
-

both normal and abnormal conditions. '

Although we have not been able to analyze all of the many possible

failure sequences for light-water reactors, one which we have studied in

detail is the possible failure of the integrity of the primary reactor
pressure vessel.

We find that reactor vessels are constructed of mater-

ials chosen with care and are designed with substantial safety factors.

The reactor vessel is subject to careful scrutiny and testing. Based

on our study, we believe that catastrophic rupture of the primary pres-

sure vessel'is not likely to be an important contributor to accident init-

iation; however, this is dependent upon maintaining a strong quality
assurance program.

Primary system piping is also subject to careful scrutiny and
testing. The well-known cases of cracks in pipes and failures of valves

in reactor operation, on the one hand, reflect deficiencies in fabrication

.

!

I
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or design; but, on the other hand, they are a demonstration of the success

of the overall safety system and procedures which identified their existence

early enough to prevent more serious consequences. Continued open discussion '

and analysis of such failures can lead to improvements in safety and can pro- (

vide the data base for a more accurate estimate of the probability of

more serious incidents. These defects underline the on-going need for
,

|

the nuclear industry and the regulatory bodies to continue improvement of

inspection and test techniques. It is important that licensing and regu-

! lation be conducted in such a way as to continue to ensure openness in the quality

j assurance prcgram and to provide better-quantified evaluation of the success
i
j of the program. We also note that human error on the part of reactor

operators seems to initiate or aggravate at least a few incidents each,,

!
I year of potential safety significan,e. In fact, unless diligence is

maintained, quality as.;urance and human error may well represent a
,

k limiting factor in maintaining safe operation.
I

It is difficult to quantify accurately the probability that any

,
accident-initiating event might occur. Many aspects need to be better 1

l

| understood through expc-ri,ence and research before such calculations are

tractable. Although the probabilities of major accidents seem small,

their quantification deserves more attention within the reactor safety

comunity than it has received up to now. We did not have the resources

| to carry out an independent evaluttion of this aspect of the recent

AEC Reactor Safety Study (draft WASH-1400), but we recognize that the

event-tree and fault-tree approach can have merit in highlighting relative

strengths and weaknesses of reactor systems, particularly through com-

H' wever, based on ourparison of different sequences of reactor behavior. o

h experience with problems of this nature involving very low probabilities,
.

9
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we do not now have confidence in the presently calculated absolute values .

l%

of the probabilities of the various branches.

We have reservations about the present almost exclusive emphasis

in the licensing process on the ' design basis accident' concept in which

certain highly stylized accidents are used as yardsticks against which

the perfonnance of various systems is evaluated. While we agree that

analysis of such accidents is an important check upon the general safety

of reactor designs, we are concerned that other types of possible accidents

f may consequently receive insufficient attention in design, construction, ,

i

licensing, and operation.
1

|
B. Primary Engineered Safety Features

'

iIn our study, we centered much attention on the " engineered safety

features". Because these features are not used in normal operation but
1

i

|
are specifically intended to prevent an abnormal incident from becoming

~

,

,
an accident, there is only limited operating experience with~them. In

i addition, because of the complexity of the phenomena involved, these

features are very difficult to simulate on a computer or to test in sim-;

\
-

ulated accident conditions. Therefore, there is a lack of well-quantified

i understanding of the performance of some of these special systems under
i

i
,

| some severe accident conditions.

One of the most important of the engineered safety features is the
|

fast-acting SCRAM system for shutting down the chain reaction in the

event of an emergency. Certain transients which are anticipated to occur
!

from time to time (press'ure, temperature, reactivity) might play an im- !

portant role in accident initiation. It is very important to shut down j

6 l
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the chain reaction during a large transient. While the SCRAM designs,

as now prescribed, seem to us to be highly reliable, not enough is known

about the effects of transients in the extremely unlikely event that the

reactor does not SCRAM. We believe that insufficient attention has been

given to the analysis of transients, although it is encouraging that these

areas are now being given intensive study. In addition, we are concerned

about transient behavior which might occur simultaneously with a massive

electrical failure. While there are redundant off-site power sources,

the emergency on-site (diesel) power sources are a recognized weak point.

The emergency core cooling system (ECCS) is the engineered safety:

feature that has received the most publicity, attention, and research.

The ECCS is intended to provide emergency cooling to prevent the reactor

fuel from melting or losing structural integrity in the event there is
..

a loss of primary syetem fluid.

We have no reason to doubt that the ECCS will function as
g

designed under most circumstances requiring its use. However, no

comprehensive, thoroughly quantitative basis now exists for evaluating

ECCS performance, becaus'e of inadequacies in the present data base

and calculational codes. In addition, it is not clear that the

present approximate calculations, even though based on generally

conservative detailed assumptions, will in all cases yield con-

servative assessments of ECCS perfonnance.
_

We have examined the AEC reactor safety research program intended

3 to resolve these uncertainties. Expanded experimental tests and advanced
J calculational code development are now under way, with the goal of
H

d
)
i

s '

t
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accomplishing a sufficient quantitative comparison between calculation

and experiment so that the technical comunity can reach consensus on ECCS
effectiveness.

That consensui can only be reached through several years of

effort, using improved research techniques, and with more open publication
and review of the results.

We doubt that a complete quantitative evalua-

tion of ECCS effectiveness can be achieved through the present program.
|

We recomend below several possiuie approaches for improvement
.

C.
_ Accident Containment and Consequences

The last line of defense in preventing or mitigating the release of

radioactivity is a further set of engineered safety features designed as a
backstop in case of significant failure of the preceding safety features. The

greater part of this last safety umbrella is the containment machi
and building which encloses the entire reactor primary system

nery

These

containments, which have worked well in controlling routi
.

ne and minor radio-
active emissions, have not yet been subjected to test by

a large-scale controlledor accidental release.
More research toward increasing the effectiveness

containment devices would be prudent, along with more vigoro
of

us pursuit of the
possibilities for major improvements in containment design

Although a major release of radioactivity is unlikely
.

, it is im-

portant to calculate the types and extent of consequences of rele
ases

under various circumstances.
We have found that these calculations arevery difficult.

There are significant uncertainties in nearly every
category of potential consequences:

acute deaths, latent cancers, and
property damage / denial.

We have made no independent studies of acute

\
|

_-_____-_--------h
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effects, the estimates of which are particularly dependent upon de-

tails of local siting, weather, and population, and upon important uncer-

tainties in acute biological effects of radiation. However, for the same

; releases and the same basic references for the biological effects as taken
'

.in Draft WASH-1400, we estimate substantially larger long-term consequences,

particularly concerning land da uge/ denial and_possible._]atent cancers
-

from exposures to individuals who live in areas which are contaminated
*

below the evacuation thresholds used in Draft WASH-1400. The social sig-

nificance of the long-term consequences depends in part upon the probabil-

ity of the assumed release, regarding which we have made no independent

assessment. However, the uncertainties in estimates of consequences need1

to be resolved because they have important implications in reactor design,

siting policy, and protection against potential sabotage. In analyzing'

the societal risk-benefit balance of comercial nuclear reactors, one

must be able to estimate with reasonable confidence both the probability and

; consequences of system failm'; research rrust continue on both, l
;
' Considering the great social importance of reactor safety and the

large present and future capital investment in light-water reactors,

the current funding of safety research is relatively small. We believe

that the many technological opportunities for the enhancement of reactor
i

safety warrant the investment of additional funds in safety research.

*

We understand that substantial revisions are being considered before
publication of the final WASH-1400 report (private communication, NRC,
17 March 1975).,

>
N
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D. Major Recomendations

Many recomendations are made in the body of this Report. A few of

the major ones are sumarized here, but in each case the reader is referred

to the main text for detailed discussions of the background and rationale.

Our major recomendations, which have not been ranked according to their

importance, include the following:

1) Human engineering of reactor controls, which might significantly

reduce the chance of operator errors should be improved. We also

encourage the automation of more control functions and increased

operator training with simulators, especially in accident-simulation

mode.

2) Measures shouid be taken to quantify the effectiveness of the

present quality assurance program, using both the analysis of

experience already reported and new measurements on'the quality

assurance system.

3) The techniques used in Draft WASH-1400 for the calculation of

accident sequences and their probabilities should be:

* employed to estimate quantitatively whether assumed subsystem

failure data are compatible with the observed individual small

accidents;

used to provide parametric studies of the effects of phenomena*

which are ill-understood in the identified sequences;

refined so that they can be' used for continuing risk assessment*

on a routine basis with a growing data base of failure data.

l
.

i
_ _ _ _ - _ _ _ _ - - _ - _ - _ _ _ _ - - .
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4) The Draft WASH-1400 analysis of accident consequences should

be redone taking into account the modifications discussed in our report, in

order to obtain corrected consequence estimates. The results ;ill help to

determine the magnitude of the benefits which might be obtained from the

introductions of design changes and means of consequence mitigation.

5) The problem of sabotage and its effect on increasing the risk

of radioactivity release should be studied carefully. We have no

way of estimating the present likelihood of sabotage; however, we

believe that reactor security can be improved and have specific recom-

mendations for studies that go beyond those already underway.

6) The ECCS safety margin should be quantified, and if necessary,
i
l improved through one or more of the following approaches:
i

. the substitution of more easily analyzable or more effective
t

j ECCS concepts;

. a much stronger theoretical and calculational development:

effort combined with a much improved experimental program, the

results of which must be published openly for evaluation by the
;

; technical conrnunity; -

t a series of large-scale experiments along with some stande oiza-e

tion of reactors. Detailed planning and analysis for this approach

should begin immediately in case it should be decided in the future

. I that it is needed.
| ,

~

- There should be increased emphasis on realistic calculations and ex-
"' periments as opposed to those which merely attempt to set upper limitst

| on the behavior of a reactor in an accident. In view of the numberm

| C
i B
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of reactors now operating and being planned, we believe it is important
i

that the reactor safety research program quickly take major steps to |

| bring about a convincing resolution of the uncertainties in EECS

performance.

7) In the area of safety research, more emphasis should be placed on
'

seeking improvements in containment methods and technology. In particuier, I

controlled venting cf the containment building in case of overpressure

should be studied. A careful assessment should also be made of the bene-

fits and costs of alternative siting policies, such as remote, underground,

and nuclear-park siting.

8) There should be more effort to resolve major uncertainties in esti- |
i

mating consequences, including improvement of the biological-effects data |
|

base. Techniques for mitigation of consequences should be developed,

especially in connection with the problems of decontamination after a
l large accioent.

9) While we strongly endorse the substantial improvements that have been

made in the safety research programs and in the openness to scrutiny by

the technical public h the last two years, additional measures should

be taken to continue to improve the research program and techniques

and to assure that the results of both experimental and computer code

| development work related to safety are openly published.

.

_ _ _ _ _ _ _ _ _ _ . - . _ - . - - - . - - -- --
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MEM0PAtlDUM FOR Ben C. Rusche, Director ..

Office of fluclear Reactor Regulation

FROM
-

Evangelos Marinos, Re' actor Engineer
Electrical, Instrumentation & Control Systems Branch .

SUBJECT RESOLUT10ft 0F TEClif1ICAL ISSUES
~

_

In response to your memorandum to the f1RR staff dated fiovember 3,1976,.
and your memorandum to me dated liovember 12, 1976, I have made an a.ttempt
to provide a timely response to your requests. The attachment herewith
includes my knowledge on issues 4, 5, 9,10, and 12 included in your
memorandum of flovember 3,1976 and other concerns expressed by me in
the past, some of which are briefly addressed in a memorandum to T. J.
McTiernan from Roger Fortuna and William Foster, dated itovember 8,19)6. ,

,

,

Admittedly my discussion of the issues included herewith may not be totally
comprehensible, however, it is the best effort I could make under the time . ..

constraints imposed upon me for responding to your request. I will be
happy to discuss these issues at any length with members of ' he staff andt

the ACRS.-

-I further should like to point out that in view of time constraints I -

have limited my responses to issues that I am most familiar with. I
share, however, the concerns expressed by my colleagues and could provide.

~ constructive comments on those concerns if time permitted.
_

* g-..

J,,,, C.ds* --

- Evangelos Marinos, React'or Engineer - -

,.
-

. ... Electrical, Instrumenta tion & f .1 -? - _ T. '. | .<m. . _ c . e_r . - -..-..;.. --. . .;. _ _ .
..m. . . . . . .-

-S BmW ~ '' '. ''

Enclosure: '

As stated
*

.

cc: R. E. lieineman d . ,..-

$T. J. McTiernan
.

e

*
. e

.
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ATTACliMENT I
,

Attachment to November.19,1976 Memorandum
From E. C. Marinos to Ben C. Rusche, Director, ONRR

The following are my responses to issues 4, 5, 9,10 and 12 included inA.
memorandum to NRR staff, dated November 3, 1976:

Issud No.__4 - Loss of Offsite Power Subsequent to Manual Safety1. -

Injection Reset Following a LOCA

This issue I believe is stated incorrectly because of the' following: _

The reset feature of the Safety Injection System (SIS) signal isa) not unique to Westinghouse ECCS designs, other designs possess the
same feature.

.

The operator does not only have the capability to reset, he isb)
required by emergency procedures to perform this reset function
immediately after the prescribed equipment time delay, which is
set between (0-3) minutes for Westinghouse plants.

c) The staff has not consciously accepted this feature with this
inherent design deficiency (of loss of all motive power after

. reset, or before reset), it merely was never recognized in the'
A review reminder issued to the El&CSB, dated April 4,1974past.

informed the members of the branch that they should pursue the
consequences resulting f rom the loss (interruption}of power to ESF
any time _ during the accident sequence.

The thermo-hydraulic effects on the core cool'ing have not been _

d) considered when flow to the core has been interrupted (for an
interval of time) at any time during the accident sequence. ,

The staff has not carefully reviewed, in all cases, the proper,e) loading of the diesel generators after (SIS) reset for operating
plants and many plants under review in the CP and OL stage, because
staff members were not permitted to question applicants on this
issue.

In conclusion, I believe that since the staff has not carefully considered
the consequences of loss of core cooling in the injection phase during -
accident conditions, additional ECCS evaluations should be conducted c

'

to assess its effects on the core. Furthermore, the staff should not
rely on manual reinitiation of safety infection at any time during the

-

injection phase, since it is not possible to accurately determine the -
operator response in a given time interval, unless this interval is
greater than ten minutes after loss of offsite power has occurred.

.

e

9
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In my discussion with members of Reactor Systems Branch (Zoltan . I

Rosztoczy) I was informed that ECCS evaluations had been completed
by the staff and that interruption of flow to the core had not
been considered during any part of the accident sequence.

Rotor
_ Issue No. 5_- Analysis of Postulated Reactor Coolant Pump2. ,

Seizure Incident O'

The staff has required that the pump seizure event be re-analyzed assuming
'
i

A meeting
loss of offsite power and coastdown of the undamaged pumps.18, 1976 and Reactor |
was held with Westinghouse on the subject, on May To,
Systems Branch was expected to evaluate Westinghouse's submittal.

-

my knowledge other nuclear steam suppliers have not been asked to conduct
._

similar re-analyses.

In conclusion, I believe that the staff should evaluate the pump seizureFurthermore, if applicants
event with coastdown of the undamaged pumps.
and licensees elect to retain the fast transfer feature (of reactor
coolant pumps) f~ rom the unit auxiliary transformer to the startup trans-.

former, for this and other events that result in Main Turbine trip,
'

the staff should include in their safety review the evaluation of this
In addition the staff should evaluate the provisionstransfer feature.

made in the designs to assure that reactor coolant pump motor damage
will cot occur (causing rapid loss of reactor coolant flow) from over-
voltage impressed on the motor due to improper phase-relationship between
the transferred power source and the residual motor emf.

'

3. Issue No. 9_ - Frequency Decay

Westinghouse in an attempt to resolve this issue generically submitted
Report ^ ' AP-8424) on the subject, and I was assigned the taska Topica:

to evaluate the & ottal. My evaluation revealed that plant initial
_Therefore,

conditions assumed 'in the topical were not complete.
Westinghouse was requested (by letter dated October 6,1975) to amendd usedits report to include in its calculations conditions identified an
by the staff in the staff's independent evaluation, which revealed

-

frequency decay rates considerably in excess of those claimed in the
Subsequent to that Westinghouse has confirmed the staff'stopical report.

evaluation and elected to withdraw its position in the topical, and
refer the issue for resolution by applicants on a case by case basis.

Incidentally our evaluation has further revealed that plants operating
at low power levels will experience greater frequency decay rates as

.

Therefore, it
opposed to plants that operate at peak power levels.
may not be desirable to impose peak power restrictions as your memorandum?

o

to the staff ir.Jicates for a possible requirement.

.

* . *
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I reported to my supervisor the following results:
,

The accident analysis does not provide a basis for selection ofa) underfrequency reactor trip set points and time delays, associated
with this protection. Therefore, we cannot conclude that this prc,-
tection is adequate.,

The reactor trip is not directly derived from the variable monitored.b)
Opening of reactor coolant pump breakers generate reactor trip which
is in violation of protection criterion (IEEE-279).

-

Possible frequency decay rates have not been evaluated. Therefore,c) 7Hz/sec decay rates could not be accepted as conservative rates for - '

this plant design, as the original writing of the tiRC responseHowever, this original writing (seeclaimed as acceptable rate.
attachment II) was not incoiporated in the final response to the
Joint Committee on Atomic Energy.

The final response of the flRC testimony has not included any of the points
discussed in items a, b, and c above. Additional discussion on this
issue is included in item A3 of this attachment.

2. Grid Stability for Indian Point tinits 2 and 3_

I believe this issue has been adequately addressed in the memorandum
from Roger Fortuna and William Foster to T. J. McTiernan dated fiovember 8,.

* '

1976, therefore I have no additional clarifying comments to make on this
subject. However, additional discussion is included in item A4 of this
attachment.

3. Electrical Penetration of Reactor Containment

When I was assigned to prepare a response to the allegations made by the
-

ex-General Electric employees (that the containment penetrations do not
receive adequate attention by the tiRC staff) I expressed my general

-

agreement with this allegation and I asked my supervisor to include in
the final response to that allegation the comments prepared by me on the,

IEEE Std-317 and the Regulatory Guide 1.63, included in a memorandum
from R. L. Tedesco to Guy A. Arlotto dated February 4,1976. Of the
four comments included in that memorandum however, only the least signi-
ficant was included in the final writing that was submitted to the
Joint Committee on Atomic Energy. The staff further concluded that
penetrations do receive adequate attention by the staff.

.;,

-
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The staf f's acceptance of electrical penetrations is limited to appli-
cant's identification of criteria used in qualifying these penetrations.
Specific design and qualification parameters are not identified neither
requested by the staff.

In concluson, I believe that the staff should utilize the qualification
including the commentscriteria set forth by the IEEE Std-317,1975

made by the staff to evaluate the adequacy of the electrical penetrations.

For the case of operatingfor current applications and operating plants.
plan.ts, prototype testing of penetrations used would provide adequate
information to assess acceptability of presently installed units.

.
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Issue No. 4 (
*:

..
-: .g

.

9;f
'- >4 Ir, cue tb. _4' W $

res;onse by {Inss of Of fsite Ptmer Subsegxnt to_ Manual Safety , ,~ L u, ' Injection Pewt Followinq A LOCA h;g
' . y reset of tM

,e %;,. -
'

.:g ~ ,

.

4 This issue is defined as followst by further m,.
s

,

Emig.-g- 3 "We I;CCS designs are such that tegiraing about two rainutes after 'l These propot.- w
,-

- occurrence of a IDCA the operator is required to reset the Safety|Mfayg
- Injection Systc:a (SIS) signal. If the operator does reset the SIS by the minog

'M'*L
' signal (a few minutes af ter IDCA) and if a loss of of fsite powerT*'Q' ' should then occur, progt operator action would be required to

I 'It.e ACRS be(%f . restart the IDCA loads. We logic for startup of the c crgency I

-

'

t

}
diesel generators would cause automatic scquencing to pick up

?I pri:narily bthe normal shutdown cooling Icaos in scac designs and in others
'

i

:) no loM: would be ceqicnced (sirace there would be no accident 3;I

'' - }
signal presenti rather than the IDCA loMs, which would be the case in emergend.

i ne staff has acccpted this decign, inif SIS had not been reset. e
-

c! some plants provided that procedures for use of the SIS reset, and to the orig
=

for actions required in the event of locs of otisite puwer afterM '. '' whether tMSIS reset to sequence on the proper loads without overloading the '

'4 diesels, are carefully reviewed for adegaacy. ; j
analyses.l 4

8 "The staff also r.hould consider the effects On the core of loss
!

,

I of pour to engineared safety features following a IDCA and af ter ! J following (

) safety injection signal reset. 4 the diesel |
>

|

. 4
- ;

"We resolution of this issue should be inlenented on all plants.*
4

The fallur
i* _ j

The essence of this issue is whether the loss of offsite power (IDP) should
'

can be jus
~ l

s
|

|| be asssed to occur at any time following a loss-of-coolant accident (IOCA) .

(1)'

4 A
j

or only simultaneously with a IDCA as is now assured.
- ,( (2)

The original issue was the possibility that the Safety Injection ( '3)1

y r{>
Syste;n (SIS) Signal would be reset reanually by the operator only a short j(

*I The NRC 55

time af ter the occurrence of a IDCA, arv$ that a subsequent IDP could lead $ |' |
%

8' l ' was impoW

to conditions that would impair the operation of the I:mergency Core Cooling aC |
failuresjr

i System (ECCS). Wis concern was addressed specifically in the NBC Staff ?L-

i

I seem to'

} ||'
,

IDCA) afq
3

i ~O
,
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,Issue No. 4 (cont'd) -2-

. .;
,

) response by proposing changes in plant .crgency procedures to prohibit

reset of the SIS signal earlier than 10 minutes after a IDCA signal and j

[by further reviews of plant design features and emergency procedates.
> . .

-

M g r3utes after - [ These propsals see:ned to result directly frora the concerns expressed fb"

'h f
'

f ty

,,p.dI#[#3etthesae3 :eset the SIS by the minority grcup.
. . ,g

i3 ;8d f f site pow's t
y ,*** *N h ;iq; ired to 7;y(

.,

The ACG believes that the actions pro;osed by the NRC Staff, Wich.4 r ,

8 |eW g e efergency g
p# # .,. ;y g3 pick up j primarily involve procedures but which in sxe caces rr.ay require changes ;K)p #~, g in others ',, yf".

M")n3asident4 214 te the case
in e:ergency diesel loading sequences, represent an acceptable ter;cnses

p"M . ;; 4
i.

c.= * # a t*.is design, in ,8
to the original concerns. However, there still remains a questir of e

tp # hgw 515 reset, and
.7Wt vee ;

,:.e p.er after whether the LDP Eubsequent to a ICCA should be considered in the accidentr** . a.vr!cding the {
# I' ) analyses. This concern exists whether or not the SIS signal is reset r

qh $ ;

.{ following a LOCA signal, since a ICP would require transfer of loads to Q* 'hgv core of lossa Ig A and after$
.

~ ( the diesel generators. his transfer may affect the efficacy of the ECCS. H1 _|

;,
g.g.,,-trd 01 all plants.'

':
! The failure to consider ICP at any tiae following a postulated IOCA

p ; can be justified on any of three grounds: 'W
g ,trspe p.cr (Io?) shouldg

b g.cx1e; arc!&nt (IOCA) j ; ,l*

(1) It is i:rpossible. ii'

J, H
b, 1. (

e * (2) It has a sufficiently low probability. {,'

b+ {
*q :E - . ... a

j ee avsty 1rrction (3) It does not lead to unacceptable cnnsequences. .y
. ,1

7 ( ;j
Q h see ageta*0r only a short "g

'
The NRC Staff made no atte:Tpt to prove that the IOP at a subsequent time

-. .

* ?-
I y , g ;.r*.t IDP could lead ' / N
' ( was impossible. We Staff did present estimates of probabilities of randorn .

p)e d p. Derney Core Cooling
_

:

failures of the pwer grid leading to IDP. hse probabilities would -

j[ ,vi.4# Wig is the tac Staff
~ see:n to be applicable to the period (10 minutes or more following a

t 10CA) afte* which the SIS signal could be reset. %ey do not address

t,
r
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Issue No. 4 (Cor.t'd) -3-
,

t-
,. 5'

the protability of IDP as a consequence of the IOCA itself (e.g.,

grid instability dae to turbine trip) or as a consequence of they
s) ~

.,
i

_. -, y U sa.e event as that causirrJ the IDCA (e.g., earthquake).
N*C

E k*q |} Some calculations were presented by the t RC Staff to show that the

. D M h,st W W 4 *m
j ECCS cooling capabili'y wuld not be degraded as a result of a subse-:g4,pe p% =i.,

- ' r'* N A n. 'j
quent IDP. 'these calculations, however, had been mde only recentlyh$ %%*4%R " "Qhe e ?_. . %: $

, . , ,

ard applied to only one plant. Similar calculations of a rnore general[m y y m .. , r.>

d _4,1 a% #' ~ P' )
? rTW M lj nature should be mde, taking into account possible variations in plant- t

J configurations and para eters as well as po:sible variations in diesel-h-'
' :}

.. q loading sequences, it it is desired to present conclusive evidenceo ,,

E 1
*

regarding the acceptability of the consequences of the postulated loss of
-

power.

1,*
a

}8 The ACRS believes that a sufficient basis does not now exist to
}~ eliminate frors consideration the IDP at any tise subsequent to the

,

occurrence of a IDCA, and recorrends that further studies of the
;)

prebabilities and consequences of such an event be mde by the NRC Staff.
|

The ACRS believes further that the several ac*lons proposed by the

NRC Staff constitute an acceptable interi:n solution and that, in view4
t

of these actions, there is no need for any 1.raediate changes to existing ,\

i

operating licenses beyond those required to 1:plement the Staff's
pro;nsed a:tions.
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MEMOMNDUM FOR: Lee V. Gossick
Execeitive Director for Operations

Fp.)M: Stephen H. Hanauer, TA E00

SUBJECT:
FEEDBACK 0F INFORM TION INTO THE REACTOR REGULATION
PROCESS

Enclosed you will find a copy of a thinking paper on the captionedsubject.
The basic conclusion I have come to is that the feedback

of operating and research information into the reactor licensing
process can and should be improved. More detailed recommendations
are given in Section 8 of the. enclosed paper.

i

A draft paper was circulated. NRR does not agree with the thrust
of this paper, believing that " problems are identified and promptlyreported." Mr. Case's memo is enclosed. I have taken some of hiscomments into account, but the disagreement remains.

IE agrees with the thrust of this paper, but recommends a separate,
independent Office of Operations Evalt.ation. Mr. Jordan's memo isenclosed.

b
Stephen H. Hanauer
Technical Advisor to

Executive Director for Operations
Enclosures:
1. Paper on " Feedback of Information

Into the Reactor Regulation Process"
2. E. Case memo dtd 4/3/78
3. E. Jordan memo dtd 3/24/78

cc: w/encls.
W. Dircks
E. Case
S. Levine !
R. Minogue
E. Volgenau '

C. Smith g ,

A. Buhl
77 ' 1

i
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R. Moore |R. Hartfield /

N. Haller /),O
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FEEDBACK OF INFORMATION
INTO THE REACTOR REGULATION PROCESS

Stephen H. Hanauer
March 31,1978

t

1. Introduction

This paper deals with the use of information from operation
and research to feed back into the licensing, standards, and
inspection of current and future facilities. The present paper
deal , with power reactor safety only; the potential for extension
to other NRC regulatory programs needs further study.

2. Sources of Information

In this paper, "information" is used in a braod sense to include
the technical content of operating experience, research and develop-
ment results, inspection experience, experience in the licensing
process and in applying codes, standards, and guides, and other
sources.

The applicant has the primary responsibility to supply the
information needed to justify the safety of his proposed operation;
that information is not the subject of this paper. The NRC has to
review the applicants' proposals, using the applicants' and all other
available relevant information in making licensing decisions. In
addition, the NRC must maintain surveillance over licensees throughout
the construction, useful life, and decomissioning of the licensed
activity, and codify its practice in regulations, standards, and
guides - all these activities to be carried out in the light of all
available relevant information.

Both research activities and the ongoing licensee construction ,

and operation programs are sources of infomation potentially important
to NRC regulatory programs.

3. Functions Related to Information Feedback

The functions involved in the feedback of this infomation into,

the NRC programs are described in the following paragraphs.

| (1) Collection and organization of the information; indexing and
! classifying its content; storing it in a retrievable and analyzable
| fo m .
|

| (2) Dissemination of unanalyzed data periodically and on demand,
| cut and organized in various potentially useful foms.

(3) Evaluation of significance; in particular, identification of
items needing non-routine attention or action. To the extent practical,
criteria are used for such screening (e.g., criteria for Abnormal
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Occurrences), but judgment must be applied. The Reactor Safety Study
is beginning to be used to evaluate the significance of some items
in terms of risk.

(4) Cevelopment of technical and s'atistical inferences, such as-

Trends
Outliers
Problem areas

. Little things that add up
Poor performance in some particular

area or by some particular organization.

(5) Application to licensing decisions (including backfitting),
standards, and inspections.

,

The emphasis in the feedback function is on judgment, based on
the incoming information. Ideally, the process requires sufficiency
and validity of the infonnation, technical and statistical competence
in inference, evaluation and judgment in application; practically,
these requirements are fulfilled to some degree short of perfection.
The objective is to draw valid conclusions leading to action where
appropriate.

4. Relationship to Probabilistic Analysis

Information feedback would be needed even if probabilistic
analysis (PA) didn't exist. The Reactor Safety Study and other
developed tools for PA allow a precision of analysis that is useful
where correctly applied.

The evaluative function should be especially sensitive to the
potential occurrence of sequences and failure modes likely to be
missed or misinterpreted, and those that are difficult to include in
PA, such as human error, system interactions, common mode failures,
design and manufacturing errors, consequential failures.

5. Present Picture - Operating Information

The present setup is partly described in SECY-77-229 dated May 4,
1977. This presents the IE program to screen and evaluate information,
and pass it on to NRR, and the NRR program to apply it. Salient

i features are:

(1) The IE Region sieves the incoming information for action
items, with the head inspector for each plant responsible for
information coming from it. IE-HQ sieves it again for significance

;

|
,

-

- - -_ _ _ . _ _ _ _ _ _ . _ . , _
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(audit) and generic items. The audit function is in the A/D for
Technicai Programs, Division of Reactor Operations Inspection. The
application of new information into inspection modules is the
responsibility of the A/D for Field Coordination in the same division.

(2) Routine and nonroutine information are handled en different
time scales, including telephone calls, Preliminary Notifications,
Regional Daily Reports, and memoranda as appropriate. IE gets out
bulletins and circulars as needed, but this is sometimes delayedby the need for NRR review.

(3) The NRR project managers are initially responsible for
incoming information on their plants.

;

(4) Technical responsibility for information feedback on generic
matters is diffused in NRR in the technical branches and technical
activities project leaders. There is a framework for Operating
Experience Memos, etc., but no centralized group to make sure all
significant items get attention. An exception is tracking (in the
Pink Book) of the most important items: Transfers of lead respon-
sibility (from IE to NRR) and interoffice action items. MIPC (soon,
MPA) has computerized files of LERs and NPRDS.

(S) Some failure data are inherent in the LERs, and other data
are being accumulated in NPRDS. The latter is in need of improve-
ment; see the January 16, 1978 report of the NPRDS Working Group.

(6) The role of MIPC in evaluation of operating informationis not altogether clear. IE information goes directly to NRR, with
MIPC filing LERs and having the lead on A0Rs. MIPC also har.dles the
NPRDS interface. MIPC disseminates undigested LER and NPRDS infor-
mation, and also does data file searches, sorts, and some analysis.

(7) The Probabilistic Analysis Staff of RES uses and analyzes
operating data, carries out programs of methodological development
for data analysis, and helps other offices with special problems.

j

(8) NRR/ DOR issues Operating Experience Memos to other NRR
divisions, to forward formal 00R findings on significant safety
issues for use in CP and OL reviews.

6. Present Picture - Reseat ch Information
|

The system of Research Information Letters (RIls) described
in N'JREG-0378 and -0435 is working well in RES, but the most recent

!

!

| I
|-

I
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"RIL Book" shows many office responses to be trivial or missing.
some instances, NRR or 50 have taken appropriate acticn, but the RILA better system of evaluatir3 the true sig-
book doesn't reflect it.nificance to NRC programs of a completed segment of asearch (that's
what a RIL embodies) is needed.

Since a large fraction of the research program is purely con-
firmatory, the results can be said just to confirm what we knew allThe writer suggests
along and to have "no impact" on NRC programs. Presumably, the research was undertaken
that this view is inccmplete.
in response to an agency need; the results are therefore "significant"Confirmation ofin fulfilling whatever tne need was perceived to be.
the correctness of a regulatory program or requirement, or assessment
of the margin of safety, is in this context more than "no impact."

If, contrary to the author's perception, a majority of RIls should
turn out to have little or no true impact on NRC programs, then those
RES programs need reconsideration.

A large number of technical reports come from research programs in
These include quick look reports, periodic progressaddition to RIls. At present, there is no organized schemereports, and topical reports.

to sieve these for items requiring nonroutine action.

The members of the Research Review Groups appointed by NRR, IE, and
50 could be made responsible for this function, but this has not so far

To know whether this would be a good idea would require recon-
sidering the Review Group structure and assignments with this function inbeen done.

Some revised guidelines for NRR participation in Review Groups go
part way in this direction; they are given in an E. G. Case memo dated
mind.

March 14, 1978.

The Research Analysis Branch in NRR could serve as a centralized
organization to make sure all reports are sieved, but does not now do so.

7. Conclusions

(1) Operating infomation flow seems not bad.

Little statistical and technical study is given the great mass of
MIPC has a small program. I think more is needed;(2)

operating infonnation.in particular, a more systematic approach and more nearly adequate resources.
plant-specific operating information is sieved by designated

(3)
cognizant individuals in IE and NRR.

information
(4) Recognition and action on gene .c items of operating'mont is diffused

d

In NRR, the assign
is assigned to a small audit group in IE.
except for Pink Book or Generic Task items.

L

,

e + , - --- n
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(5) Research information generation and dissemination are good.

(6) Office response to research information is varied for RIls
and not ;ssigned for non-RIL reports.

8. Recommendations

(1) Give one or more specific organizations in NRR, and other user
offices, the responsibility for assuring that incoming non-plant-specific
operating information and all research information are sieved for items
requiring noncoutine action, so as to focus the responsibility now diffused
by " making everybody responsible."

(2) Resource allocations should be made for feedback functions that; are necessary; this is not now done throughout the agency.

(3) Put a time limit on how long NRR can delay an IE circular or
bulletin.

(4) Expand the technical and statistical study of operating information.
This could be assigned to MIPC or D0R or a separate 00E. I do not believethat putting it in D0R is " setting the fox to guard the henhouse." This
is not, in my opinion, an audit or QA function on NRR or DOR, but informationanalysis for feedback. I am not recommending an "information czar." I note
that IE, in comments on a draft of this paper, recommends "a separate,
independent 00E to assure evaluation and feedback to all NRC organizations,"
and that others have recommended some degree of independence. A previous
00E in IE was discontinued not long ago.

f

|

I

I
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|

|
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UNITED STATES.

! '- 'g NUCLE AR REGULATORY COf.*f.ilSSION%*.p ,f . . c WASHINGTON. O c. 05554

* . . . . j/ APR 0 31978..,

MEMORANDUM FOR: Stephen H. Hanauer
Technical Advisor to

Executive Director for Operations,

FROM: Edso1 G. Case, Acting Director
Office of Nuclear Reactor Regulation

SUBJECT: THINKING PAPER ON INFORMATION FEEDBACK

. I have had the Division Directors review your proposed paper. In
i general, we feel that the identification facet is adequate. Through

the LER system, research program and Part 21 reports, problems are
identified and promptly reported. Whatever new system comes from
your proposal should acknowledge this fact.

'Ihe timing of staff responses to safety issues could use some im-
provement. The Technical Activities Program is an attempt to get
the staff to respond to problems and resolve them in a timely manner.
More effort should be applied to this aspect could result in some
improvements. Because of budget limitations, not all of the 500-600
research reports are sieved in NRR. Many, such as semiscale, ECCS
bypass, and Frankfort containment tests are.

Other comments are provided in the enclosure.

'
-

N b.&EIsonG. Case,AdtingDirector*

Office of Nuclear Reactor Regulation,

Enclosure:
As stated

!

!

!
|

|
,

i

i

|
'

.

i



.

" * *

[ #k,

[d 7 UNITED STATES

3. s. ; NUCLEAR REGULATORY COf.U*lsslONJ
WASW NGTON. D. C. 205$$,
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MEM0PANDUM FOR 0. Crutchf'. eld
Program S.spport Branch, ONRR

FROM Roger J. Mattson, Director
Division of Systems Safety

SUBJECT
FEEDBACK 0F INFORMATION INTO THE REACTOR REGULATION
PROCESS (DRAFT HANAUER MEM0)

The Hanauer memo is based on the premise that feedback of information
from research and from construction and operation experience of nuclear

'

power plants into the regulatory process is inadequate.i With regard
the premise is incorrect.to the first part of the feedback process, recognition of problems,

My view is that through such programs as
licensee event reporting, Part 21, and NRC research, we have a myriad
of identification mechanisms fur safety problems. The proposal seeks
to organize this recognition phase into a more structured system.
system we have is loose and diffuse, but it seems to work. The

is doubtful, so some more careful attention to the overall structureIts efficiencyis probably a good idea.
Although Hanauer states that he does not recommend

establish!na an "infomation czar" his recommendations would tend to effectsuch a resuit.
ing of safety problems is the responsibility of all of the staff and thatI believe that the recognition, identification and report-
the potential safety issues in their areas. individuals in the various organizations are the best qualified to recognize
mation control we adopt, it should take advantage of this fact.Whatever new system of infor-

The examples of lag, delay, contention, inaction, indecipicn, and all ofThe second part of the premise, action in resolving problems, is a problem.
the other bureaucratic ills are many and pa
ATWS, equipment qualification, overpressure.inful; viz ":? m tection,

While reco mzed early,action in resolving these issues has been untimely. s
The Technical

Activities Program is one attempt to manage and improve our responseto new safety issues. Another is the To
programs aimed at discovering problems, pical Report Program. Some

such as research, have a dispropor-tionate share of the resources. A striking new example of this is a
$13 million research program to improve safety w' deb has not been shown
to be necessary while the TAP schedules slip bec use of insufficient

The programs that address solutions, the Technical Activities
resources. ,

i

|

|

|
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Program, the Technical Assistance Program, the Topical Report Program
have too small a share of the resources. Although research is being
redirected and work on the others is gathering momentum, the necessary
reallocation of resources is far from being accomplished. Rather than
institute another program to identify problems, such as suggested by
Hanauer's paper, the programs to solve the problems we have already
idertified need to be given the highest priority.,

A markedup copy of your request for comments is attached.

r - /i ' c L.m/Roger J. Mat on, Di
Division of Systems; rector3afety

i Enclosure:'
As stated
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. *d,, * 1 NUCLEAR REGULATORY COMMisslON , -

WASHINGTON, D. C. 20555
|

k, 1.-[- [ March 10,1978

.....

b

.

Note to W. Dircks . . . . ... ..

W
.. ^f. Case . . . .

.

S. Levine ,

R. Minogue
E. Volgenau

.
.

'

.

Enclosed is a draft memo to Mr. Gossick on " Feedback

of Information Into the Reactor Regulation Process." .Your
.

comments are solicited, and should be received by me before

- - -- COB March 24 to be included in the final version.
- - -- -- - - -

-

. . . .
. .-

.

!.
,

Ste) en H. Hanauer.

ledhnical Advisor to .
''

Executive Director for Operations -

.
--

- - Enclosure: . . - . .

-

Draft - Feedback of Info
_

into the Reactor Regulation
Process

.
. , . . ~_ .
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g WASHINGTON, D. C. 20555

k...../ MAR 241978

MEMORANDUM FOR: Stephen H. Hanauer, Technical Advisor to
Executive Director for Operations

FROM: E. L. Jordan, Executive Officer for

Operations Support, IE

SUBJECT: FEEDBACK OF INFORMATION INTO THE REACTOR REGULATION
PROCESS 7

,

.

This is in response to your March 10, 1978 memo to Ernst Volgenau on the
captioned subject.

'

Enclosed are our cormients on the draft paper. In commenting we have
provided our thinking on the need for an improved NRC feedback system.
Also, we have briefly described IE's present feedback from inspection
activities and related programs under development.

We have no basic disagreement with the need or objectives discussed in
the paper. Our problem continues to be one of finding sufficient resources
to adequately perfonn information evaluation and feedback.

In our view, we concur with recommendations (4) and (5) combined with a
separate, independent 00E to assure evaluation and feedback to all NRC
organizations.

Thank you for the opportunity to comment,

e- s ( )' y w-gg --

E. L.(Jordan, Executive Officer
for Sperations Support, IE

Enclosure:
As stated

cc: J. G. Davis
H. D. Thornburg
N. C. Moseley

p
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Fcedback Of Information Into-

.

Reactor Regulation Process -

We agree with the idea that NRC should study a system for feedback

of experiencel/ to the regulatory program. We have or are currently

developing systems to feedback inspection experience to the inspection

program, enforcement program, to the licensing programs, and to standards,

development. Inputs start at the inspector leve'l and continue through
'

the headquarters level. The IE Headquarters Divisions evaluate the feed

back and initiate appropriate action wfth NRb counterpart organizations.
'

'

j The evidence of these activities is: I.E Bulletins and Circulars; memor-

anda to the offices with licensing responsibility regarding license

|j provisions, safety matters, and generic problems; input to standards '

..li
review; initiation of a program for systematic coments from the field.,

p

h on Regulatory Guides, evolution of the inspection enforcement programs,
t -
j. etc. -

li
. We are actively pursuing licensee performance evaluation and plan

;; to have a strong emphasis on performance evaluation in connection with
~

the forthcoming Resident Inspector Program. The primary emphasis ~ ~

..

q
'

*

will be on licensee performance evaluation with attention to IE

program performance and inspector objectivity. These efforts will be

based on the existing information system and other safety inputs that!

i

8 '
.

_

NFor this purpose we define experience in a broad sense, including nuclear
power plant operating experience, research results, results of develop-;

-

; ment, inspection experience, licensing experience, experience in the
j application of codes, guides and standards, and other information collected
g that is related to nuclear safety. ' '

.
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re'flect or provide insights into licensee performance, IE' performance,

or inspector performance. Feedback from the system you describe would
' be utilized in our appraisal efforts.

.I

We believe that the NRC presently has a reasonable system for

; responding to the first order aspects of incidents, occurrences, and
'

other problems that arise. The inputs can be ma'de at various levels

j of the NRC organization, evaluations are made, and response actions are
-. .

taken. The system isn't completely foivnalized but it works.

.The system you refer 'to we regard as a system for responding to the

second order effects of operating experience. As second order effects

] we include: system and component reliability performance analysis, -

;,

verification of safety assumptions, single failure assessment and
.

-
.

validity assessment, accident probability assessment and analysis,

it identification of new accidents, etc. We agree that there is a need
1.

[i
.to study and improve NRC systems in this area,

i!' We believe that it can and must be done; however, we believe that-

t
*

.

. it will be difficult to do so. Presently the'information system has, .

*
. cA-,

j some holes (reliability data) and needs discipline (It is difficult
,

to retrieve desired information cut in several different ways.). We
l
! are in the early stages of the development and use of probabilistic safety
i

!j analysis and must depend on deterministic methods which rely on technical
a
;j judgement. Probabilistic analysis has the potential for providing a
||

-

li logic for safety analysis.
I .

We believe that attention should be given to the matter of the " fox

;i in the hen house" in the final implementation of what we consider to be
9 v.

a portion of the . total NRC feedback and response system..

:
:
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We have a considerable interest in this matter because we believe
.

that can lead to enhancement for public safety We see our role in.

i second order feedback as follows:
;I

Make inputs based on field experience and considered analysis of-

.

performance analysis data,
t

. i Verify and/or followup on matters.identifie'd for field inspection.

i
by 'those responsible for analysis data.t

.

'

. .Act ori th'e results of feedback analysis'and use those results in.

the inspection progra'm.
,

s
'
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$'TECHNICAL 5AFLTV ISSUE 5 FOlt LAftCE NUCLEAR POWLR FLANTS.
' Although the bauc rsquucments for anJ means of achicving reactor safcty asmain uachanyrd, much

has bs n learocd from r(search and Joelopment progets and from analyus and c>pencnce in the design, !{,

| comf* crion, and opt ration of power reactors. Safety scviews warhan the past fcw years by appticants and ?

g the , ,AFC regulatory staff, togethcr wdh the l'5 AEC Advisory Cumimtts c on Reactor safeguasds, have | y
resultcJ an a number of changes in plant design or opcration. Ihn paper dncunes some of the most ,I
ugmficant of tiec changes and the reasons for thcm. F s stnples are giv(n that relate to site and s nvirona |
rncntal chiracterotics, scactor design, coolant-system design and ps rformance, design of the cont unment !

and otta r structurcs, dcsign and performance of enpms ers-d safcty featurcs, instrumentation and powcr-system
dcugn, anJ quality-assarante proceduks. Although much progress has been masic m reactor safety, suore {
remains to be done. Liptrience with and analyus of actual sysicms uncovtr new sifcty usues and nsw upccts .. [ r

hof old s.ifely issucs that st quire further study anJ resoh.taon. Some of the ret important such ts ctmical .ai

safsty issues currently under consiJcration arc dncussed. One of the most challengmg questions is the '! -

'

apprepnate balanciag of snk and bencfit. For the safety revn wer, this mcans estabinhmg acetpf able gnks ,|' -

for actsJents and anticipated opcratic.nal occurrences and thtrefore schabihty criteria for protective systems *1,7 i

and tngancered safety featurcs. Available tcchnology and information arc rs vicwcJ, anit punciples are ' ! .: i JI
'

* |bstated for conudering r.sk anaisses in thc .bsence of adequJte data, t he [crtormene of protective systems

[3{
,

29J cnginccred safety featurcs must be comiJercJ as wc!! as their rchaNiity, Protective systems whosea j ,. ,p,

pctformance is studicJ incluJe ti.e reactor protcction instrurncutation systs m, the cmcrgs ncy-core-cooling 78,,

sptem, systems to control comtustab!c g.is rnisturcs m the contamment, and sysicms to < ontrol the radio- *" E
D|| } %,

activity in hqutJ and gaseous effluents. It is becoming evident that human enors and common-rnode failurcs
of rcJundant cicments may be the prirxipsi causes of proscetac-system failure. The use of v.inous types : I'

of diveruty is Jascussed. '

DONNELS T ELHNir)UES H LATIVES A LA SECUrJ IE Dt5 RE ACl LUHb NUCLE AIRf b DE GR ANDL PtitSS ANCE. 'e 3
bu . que les mithodes et les donnics fondamentales pour anurcr la sfcunte des riacts urs n' aitut pas h *)*

changi, une information conuJirable a et4 acquise g Jce aux projets de rocherche et de dtvelopps rnent et '

i au cours dc l' analyse de la construction ct du fonctionnement des siacteurs de punnance. Au cours de ces
,

ectnadscs annecs, its rapports sur la s(cunti des seacteurs, etat ~hs par les equipes projetant la comeruction .i*

de nouveaus riactcurs, par les responsables de la siglementation 3 r t*s ALC et par le Conuti comultatif sur la
,

secuntf des piles de r US AEC, ont about 3 un grand nombre de ch.ingements dans la construction et ' q
l* e up.oitation des rf acteurs. Ie memoire discure les changements les plus importants et ics raisons qui )
ici ont aments. Des chempics sont donnbs qui ont trait aun caractirntiques du site et de rc nvironnement,,

3 la constru(tion da riactcur, J 14 constraction at au fonctionnement du sysicme de refroidusemcnt, J la
construction de 1* cnceinte Etanche et d' autres structurcs, 3 la construction et au fonctionnement des .:
Jaapositifs de 50cunth, 3 l'ir,strumentation, aux dupontifs de puissance, et aux m(thodcs pour maintenir I
la quahth du matincl. Picn que la secunt& des rlacteurs ait constubrablement progress 6,11 reste encore t

beaucoup J f airc. L* un des probilmes tes plus tpincun est sr f quihbrce les usques et les avantages. Pour . , .

r cuamen de la s(curate cela sigmfic qu'il faut Jf fimr des risques acceptables d' accident ct autres
evlnements p:'uvant se produire au cours de r emplodation, et par cons &quent dcs entires Jc SEcuntf de
fonctionntment pour les dnpoutifs de protection et les systdmes de sicunte. Les informations et techniques

4{J
| dnponibles sont czamintes et les principes d'une analyse des risques, en r absence de donn(es suffnantes,

,

| sont itablis. Le fonctionncment des systi cs de prottetton et des dopoutifs de sfcunts doit itse esamind, U

aarna que Icur sureti. Les systJmes de r ection dont le fonctionnement est etudi& comptum.cnt I|

l'instrumentahon pour la protection d(s r6acteurs, les systemes de sciroidiucment du cuur en cas d' accident,*

les dnpositifs pour le contrale ces milanges garcus inflamr, ables dans r enecinte etanche et les systJmes de f;q |
, .
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I

~ p. t spcritncia i n materii ds pecys cto. comtri; coon y fimenon.imirn'a itt scactorts sie pottm.u. los ntudos O pr:ra t 1CT
f p de segundad scahyados durante los 61tunos aEos por los mhtslanf t * & au'orizacirmes y a l pasoiul compricate issue".

' 41 de la t WAIC, junt imente con el Comite ('omultivo sobre Salv.iguardias & Fractoro A la l'sAf t:, han J iao Other*S r2
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| [ puticularidaas Jcl reactor, a las carJcterbhcJs y cbCacu &l usicma de tcfripracian, a las puf wul3 rid 1 des

O
..'1 & la tontenciSn y de otras estructuras, at tipo y s ficacia de los dopoutivos mcc5mcos de seguridiJ. .: las FO
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| y, por tanto, s stat Iccer los cntaios de fialulidad aplicaSics a los nsternas a prottco6n y a los di<poutivos,

; t(cnicos .le scgundaJ. Se pasa revista a los conocimientos e informactan dnponibles y sc s,ponen panicipios Su!**/ para el an51nis Je nesgos, cuando se carece de datos aAcuados. Ilay que tener en turnia la s ficacu de los large pr|' D1 ustcmas protectons y de los depositivos tienicos de seguriJaJ. asi como au segularad.iJ funn.nonal. se insert %
. 4,g estudia la ciscacia de los siguientes sntcmas protectores: instrumental & proicccion del scactor, shts ma de CarcfulI

. refrigeracion de cmcrgencia del nscico, *istemas para control ar 1is ukzclas gassosas combustabics ce la knOWled[
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~e. Peactor safety - the avoidance of undue risk to the public h:;y
,.... .

~*
" ' * - health and saf ety f rom the operation of nuclear reactors - M,

..

involves bcth technical and nontechnical issues. Settinc. the" ' ' * "
m

''"*'"*~ goal s , nw:.c rical or ot herwise , for acceptable risk and safety Q' " * *
is primarily a social and political task. Translating these AM " t'

'
,

*

h{i
hgoals into criteria ar.ainst which to evaluate proposals for the,a.

,4 d.. ., p a . . design and operation of reactors re,2 ires social and technical
. p..so. dccisions arrived at with great difficulty. Most of the tech- 'w

!.f '
.iry.wan nical effort in reactor safety evaluation is devoted to a more ^

Manro*ep- mundane tack: comparison of specific reactors against such , , . . ,
'6 * "*** criteria. Th ; technical effort ic performed principally by &
" " ' " * * ' the plant ownr a;.d operator himself, or through his cor.tractorn, ,N

',M; I
:

","'{*[ since the owne is responnible for the health and safety of the ' *
o ipublic as well as his employees.,,,

*b- ''necoas.
,. n c,3a . In the United States, as in other countries with nuclear ,p, y ,

reactors, additional responsibility for the health and safety iffj - /.u 3..

of the public is held by an agency of government . Such respen-
y'4;

-ien =*ec-

<aator " cibility necessarily involves safety evaluations of the same
P' M 8 type--if not of the same :: cope--as those conducted by the owner. Q'"" In addition, the government agency plays a major role in the i !.m 9;

19 MM,'"*''"Y development of the criteria referred to earJier. In this paper '

,\"[,*,*[ 'the authors discuss some of the more important and interesting "M k'

technical issues that have come to the attention of the Ad- Na sna.
visory Committee on Feactor Safeguards and the AEC regulatory !) f.,n

.o. staff in the last few years. .d #

.nn . ,g r

%me of the issues discussed ar'e considered to have been V
resolved; that is, both the criteria and acceptable desirn i %. ! . 3

; ,mucen approachez to meet them are availabic. Ideally, experience and , l. .
i.iirds y measurements will have confirmed the design, construction, and

j}
" ' '

. neaios operation of the devices or feat :res involved in such a " resolved
a compcici,tc issue". By no means all safety issues are in this happy state. (; -
. huidado Others remain, to a greater or lesser extent, short of completc g

..nw nto. resolution. Lack of resolution often occurs because of the in- ~

F ~ -

. accen, evitable time delay between identification of an issue and C I Eo
t: completion of the work needed to resolve it, f3

*.driaculandades i

. .a, a in for some kinds of issues, complete resolution is not fore- Q 4

s.mqu ie seeable as a practical matter. Such problems usually involve W
oper.encia events, or combinations of events, of such low probability that

M@
-

Y. na J y thousands of reactor lifetimes would not be expected to encompass
if.no. de even one observed event. Some postulated occurrences used for,

mi mis j reactor safety evaluation fall in this class. Thus, design, f - [ _s
,nei de construction and operating experiences are not expected to con-

{h
i

oonamiento firm the resolution of this kind of issue. {
a pmeipu Such rare postulated events--for example, rupture of a tm(
npoutivol .

<> cia de toi large primary system pipe, or failure of the control rods to jb ,

,

i. se insert when needed, or occurrence of a severe earthquake--require -1
careful consideration in reactor safety evaluation even though )intema de ; .

; .i cn ia - knowledge about them is and must remain incomplete. ' '

I
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i It is such issues as th"se that constituto tho most
'' challengir.g and dif ficult pcrtions of safety evaluation. Decisions
I on such issues necessarily involve judgment s t hat must be mTde

safes without cceplete information - judgments, therefore, subject to"'
of r

i. change as additional knowled e is gained.6 prod1
' 3 e

YI This paper discusses the general subject of reactor safety cons
moresome examples of technical safety issues that' * M coals and criteria,

[ have been resolved and finally, some examples of technical safety is,t
This

4 issues that are unresolved. task,e
fou nth

] 2. REACTOR SAFETY GOALS Ai;D CRITERI A extrc
scalcx. w

5' 2.1 Safety Goals

'MW| .
. . . . .

The ultimate reactor safety goal is elimination of risk The <m
to the health and safety of the public. The principal potential sign.

" " 10 $'? hazard associated with operation of nuclear reacters lies in the fio d'
,

'

possible release of the radioactivity of the heavy elements and even*

m . Q fission products produced in the fuel. The safety geal, there- risks

h fore, is prevention of the exposure of people to tbls radio-
activity. This goal can be achieved with a high degree of assur-'

i s

ance, but not perfectly, since the possibility of fuel failure of ro

1,y%g%g L and consequent release of some radioactivity to the environment bilis
i in t,

4 0; cannot be precluded absolutely. The ultimate reactor safety calc
a; goal is thus theoretically unattainable, and a certain residual worth risk is unavoidable.'

anal
.~ 4 +

I"VC
9 h The minimization of risk is a realistic, practical goal, but

no c
9 it introduces a dilemma: What is an acceptably Icw level of risk?'

k. '
the5' What is the basis for choosing it? !!inimization is not enough. assuBy chcosing operating parameters with greater conservatism, f"

E adding more safety f eatures ,. usins; more remote sites, one can
' anal

.

obtain at least the illusion of greater safety. This process
if t

has no end except diminishing returns, or at worst a decrease

h~1[ in overall safety as a result of overcomplication. What is Para.,
**

(
W needed is some delineation of what is enough. The necessarilyp

.

M imperfect goal must be translated into a guide to the designer and igie.
'

! the person charged witi. safety. that
seri

-) The decisions as to what risk is acceptable -- as defined been
piecemeal in criteria, standards , codes, guides -- have , in the or cc

w past, been guided largely by experience and judgment. Ter dencq
some aspects of reactor safety, formulation of criteria in thisl

p way is a relatively tractable task. For the rare postulated
u events discussed previously, however, this method of establishing less

1 criteria is difficult for two reasons. First, the proba ility - safe3

5
* expected occurrence rate - of these events is far too smo l to mete

1 f- permit the accumulation of experience necessary to proceed in a as %
meaningful way. Second, the possible consequences of some postu- appry i

lated failures are so severe that the whole procedure is not lativ 1j
.

applicable. Accumulation of experience - even if it were basi

M possible - is unthinkable for highly unlikely events that might tion

; kill or injure a very large number of peopic. Since the accept-
2.3j ability of nuclear reactors, or anything else, depends on the

A fact that the unthirkable events are very rare indeed, an alter-
;? native must be found for dealing with such events in the estab-

lishment of criteria. safe
.i-

1
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| 2.2 Risk Analysis
|

Decisions W 5A secmingly most attractive method for assessinr reactor ikmade safety goals and criteria is based on a nonerical quantification
%: .4

ect to of risk. In its simplest form, the theory defines risk as the
dproduct of the probability of occurrence of an event times the (y

safety ccnsequence of that event, also suitably quantified. Similar, %( *

wes that complicated methods also have been proposed. The total risk .Q
morn
is the sum of31 safety the calculated risks for everything that can happen. ixThis approach and others of this nature are not the infinite

.ijtasks they would at first sight appear to be. A few events are
found to dominate the analysis. For plants to be acceptable, ] g*

h).extreme cases o. high probability or (at the other end of the jscale) serious consequences must be found to involve a low risk. !'(
The potential advantages of such an a >pr o.ich are obvious. N." i"

risk The evaluation automatically emphasizes eve 1ts that contribute k a~atential significantly to the risk, which is wherc the emphasic belonrs. [ fs in the No decisions need be made about credibility, since " incredible" C: N %nts and events eliminate themselves from consideration by their low
%].there- risks arising from their low probabilities. -

O"

p, Closely asweiated with risk evaluation is the technology hof reliability analysis, used to predict the required proba- o;
.

'
nt bilities of occurrence. It,is in this area that problems arice, }

" ~

in the authors opinion, which decrease the utility of riskfety
esidual calculations in reactor safety evaluations. For all its proved 4 .'.7-

m*

worth in many areas of technology, application of probability ; i,analysis to the type of rare events considered in nuclear safety ; *

involves the following uncertainties: (a) There is little er 'c 5goal, but
, no concrete evidence that the events under consideration obey M

'

1 of risk? the laws of probability that underlie the theory. There is no M i
'

enough.
assurance that accident events are random in time or independent ,

t.$ 7i''sm,
of each other. The intellectually satisfying idea of reliability F**ic can analysis is no more than a hypothesis f or these events; (b) Even ;Mi ,

cess <

if the framework of the theory were correct, the values of the
'7 yrease
dparameters are largely unknown. ir is
.: e tisarily The method now generally used to predict these probabil- 3 ' f, i: signer and ities -- cascading of probabilities of the ind ividual " failures" ;j

,

that make up the event -- is known to be inadequate. The .(* '--

serious or potentially serious events that have occurred have ' gr ,defined '
in the ! been characterised by concurrent failures, usually interdependent R 1or causally rela ted. Thus the theery's assumption of indepen-

T,

; ,,

for
, dence of failures has not been borne out by experience. :q'

1 e Despite these shortcomings, reliability analysi.; and, to a h8tablishing lesser extent, risk calculation techniques are used in reactor
.g j.& lity - . safety evaluation in the United States. In some areas, such as "

nall to | meteorology, there is a substantial body of knowledge to serve ;h i,,ed in a ; as a basis for the calculations; these results are thought to dEme postu- { approximate reality. Where the, basis,in less firm, the calcu- ,
y i

anot lations are nonetheless useful in making comparisons on a relative
ba is, as opposed,to an absolute basis, thereby directing atten- N -re

at might |
tion to the more important considerations.

c
.o accept- *

. . .

on the i 2.3 Desien Basis Accidents i

.

an alter-
.

.e estab. The principal tool used in the United States for reactor .f $safety evaluation is not risk calculation hut analysis of a j,
.

y :
I
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The response of the rex tor Cla-
rpectrum of design basis accidents. postulated events is predicted anI design ofi - t the sequences

f; to each of these
radiological consequences are compwed wit h arbitrary criteri i.plantt

1 d
/

Two such criteria are used: one for events exptcted to occur
mined by
events, t:the reactor lif etime, the other for very un-,.

U; 'j frequently duringCuldivision of classes of postulated events is severe cor
3 likely events. the present state of events hao& surely possible and has been proposed;t

not be co-
Enowledge appears inadequate to the authurs to justify quanti-"'ip; 4 ,,

.

't
fication of intermediate events, but qualitative comparinonsp y;*

The
M' ' ; appear to be meaningful. All struc4 .

$WS .I[ even f rom this brief discussion th.it despite be design.
It is evident

M- the explicit rejcetion of q'iantitative ri.k anilyais !"r safety
occurrencM : |':

-@ evaluation, notions of probability do play an in:por t a n t role A of this o

more careful investigation suggests not two but lour clasuitica- discussed
assurance.FO tions of events: FrotectivTy -

transient
Class 1. Expected oscurrences whose effects or"N i

_f consequences must be negligible. to preven*

j$@ . .

the engin*

T Class 2. Occurrences whose frequency is inter- failures

H meliate between Class 1 and Class,3, vention a
.it are only beginning to be defined rai),3

that,

and treated separately. engineere%g ?'

p, d. that they

W Class 3. Unlikely severe accidents used for des u.,n bases. Each line

3 effective

J' Class 4. " Incredible" events acainst whose example,''k

consequences no pro uction is required. any sing 1
,

ft:
The classification is based on probability, even thounn In,

~
'

well known. If there lessly, ai the values of the probabilities are notin a more probable classi- accidents6 is any doubt, an event can be placed
fication to assure that the evaluation is on the cor.servative

establishy
D side of reality. The classification scheme is seen to be a analogousq

"incredib*

crude approximation to risk analysis. a requireg
. events fo

-

2 . ta Defense in Depth difficult
lack of kThe concept of defense in depth is another way of express-

ing the foregoing ideas. Reactor designs are required to difficultD
k' include a number of barriers between people and the radioactivity therefore.

contained in the fuel. In water reactors these barriers ares
S j the fuel matrix itself, the fuel cladding, the primary system

pressure boundary, and the containment. Expected operating 3. S,,p[.''i :
transients and other Class 1 events are required not to Jeopardize1

*T any of the barriers. Any failures in the fuel or its cladding LilIMC
jd'''Q.e would release radioactivity to the primary system, from which that have

only small leakage would occur; a radioactivity cicanup system actions b?
#(

'

J
would prevent any significant release of radioactivity to the existing*

? -
environment. For Class 2 events, and most Class 3 events, decisiont

Y i
engineered safety features protect the primary system, although

'

cases. 7
some of these events could lead to radioactivity releases. actions t' ? '
Severe postulated breaches of the primary system (the mostcauld Icad to rupture of the fuel claddingbases for

)
'

.

severe Class 3 events)and release of radioactivity from the fuel and through the; i

breach into the containment; emergency core cooling systems and: 8
limit the radiological see, (

U other engineered safety features would and hcenung%b consequences to persons off site.<

*
,
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the reactor Ud'3 I "" "Y" ? # E ? Nbe netlir,2tle or nearly no."'!ractically,and the cequences munt "~

th" 9 '
design of features to cope with Class 1 events willcrateria.

;.

bo de*<r-r.ind by econcmic connideratione,'' CC""
'd yfor Class 7 and clann 3""7 "P .vonts, the acceptable consequences are progrennively mer. i j

severe comacncorate with their lower probabilities.*
.u w irlas 4

cvents have,dered.such low probability that their consequenceu need f ' '

'h , 3/ quanti- not be consi Mr
irisons # -

:
The principal def<ance againut acci; tents in prevention.All structuren,

'

systems, and components 2 rrpor tant to cafety must J-

. .a t despite be designed, built, and operated so that the probability of
'

T
, ,

j :

[ro occurrence of an accidcnt is very small. The key to aciaievemen'. If this objective is an effretive quality assurance program,A ; N-lassifica. discu; sed at length elsewhere.
licwever excellent the quality Y

k} .|' t
assurance program, it must be acknowledred to be iuperloct.
Protective s / stems are installed thernfere to deal wit h such .j

*trancient aivt failures as may occur decpite all
.

.J
that is dcneto prevent them. A third echelon of the defence in e'epth is ~{

the engineered safety features designed to cope > }with unlikely 'b 9'failures that to beyond the capabilities of the accidont pre-
j .I' fvention and protective syctems, as well as hir,hly unlikely

failurrs of th" other defenses themselvcenginecred safety Jeatures are evaluated . The designs of | p $
f ; Y

Each line of defense mustthat they will function properly under accident conditionsto provide assurance! f.ign bases. g
I

U
'

be well designed and executed .

for f f,
~ Lefrective

implementation of the defense-in-depth concept.ex rnpl e , For
any single active componentcystem performance is evaluated assuming afailure of

, ig,

in any engineered cafety feature. !- Q ,
a though In principle, ;y &

les:1y, analocous to the possibledefence-in-depth can be proliferated en t-If there
e classi- proliferation of denign basia

*t accidents. Diminishing returns from -

7 Jarvative establishment of a limit :uch proliferation dictate
analogous to the distinction between "credibic"to the required defense-in-depth, again

F k> be a
>?

" incredible" (Class 4) oventc. Thic limit, exprecced au either(Clace 1) and ; '

a requirement for depth of defense
cvonts for which protection is required,or an array of croiible W

is one of the most Mdifficult
technical cafety ictuer to reco1ve. As ucual, the

I j'i l isf express-

lack of knowledge regarding probabilities in responsible for the1 to difficulty. Judgment
is rendere1 on an inadequate basis, and

"
idioactivity ! therefore is subject . I8

to change an additional !
k,,'

.rs are knowledge is gained.y system s x; ,
ating p -

g
. i 3. SollE TECliNICAL SAI'ETYro jeopardize '..

ISSULS THAT I! AVE SCC. RESOLVEDcladding Nem which Listed
that have been taken on technical safety issues.in this section are examples of individual actions(>

ip system

actions were 'taken to achieve conformity or compliance withMany of these !'' to the,

decisions made on matters that aroseexisting criteria and guides of the ACC; many were the re ult ofnts* *
i, although

in the context of individual
i

These examples are provided to describecasen.mes *
most actions that

.
have been taken, not the kinds of $

nel cladding bases for taking such actions. to comment on or analyze the
{ fi the '' )

v.tems and : 1 '

!$ {M ical sec. for esampic. FD.T, r. K. ,a

anJ licensmg of nue lear pows r reactor:. Nucl. Digng (Nav. I'l?0). Role of tlic Umted Stato Atorme I'ncrpy a bmnmemn an control|I
'j

{*

t

![
i*t
t1e

;

$M T: g5 . q {Q' '

d&d
_ _

" ~~ -m

1

.

" -
..

g
: p .13 g

.

~

| _ T ^

, %_N ~ _ . _

. - _.



p _

-

_ _ . - . -._ --_._,..__-a.--.,_---..-,--- j.

h_
* b)* I.
? (..

tf
|

,
k 208 it A n wrR nd * Cl*J 5

f 3.1 Site and Environmerital !!at t ers
J

, , ,

T. Initic

J, Design specificatio s for facility structures and equipment accept' '

. - E to accommodate higher car.hquake acceler.ition values than ori- loose!
h 2.d ginally proposed have been required in many instances.'

E 3.3

: Design rnodifications to provide higher flood protection"
i

'

levels (iscluding hurricane, storm surge, seiche and tsunamie
C i; protectien), than originally proposed have been required in many revi st.

instances.r

- U Protection of vital structures and equipment against ter. simpli

_8hN[;
,, nadoes is required. The design bases for spent fuel pools have field
* Leen modified in a number of cases to protect against loss of

J water, from pool damage, and release of fission products from
b fuel damage as a result of missiles propelled by tornidic winds. flywhq

durino.,

lP ant:' For one plant site located near an airport, design modi-.

j fica cions were required to protect against impact and fire
' .

effects of aircraft crashes.'

reduct

_h Vent stacks have been required to be located away from breake
& containment buildings to avoid damage from a falling steck j,

gf where the stacks were not designed to withstand tornadic winds.' '
, .

stain 3e

~ '^ Installation of strong motion seismographs is now a quiret

- d : requirement for all plants.

k Extensive soil and rcck drilling programs have in some vesse$
+O cases shown the need for remedial action for solution cavities, fOllCk.

7 for relocation or redesign of structures, or for replacement and
compaction of soil to provid'e suitable foundation conditions.

.

~ leakir
~

l'[ Design changes, such as relocation of equipment, have been requid
4 required to acec=modate the effects of the failure of upstream

t
'

been gi

| ( Instrumentation on towers has been required onsite to Probaq
cra t onobtain local meteorological data to support adequately the,

assumptions made for atmospheric dispersion of radioactivity.

P pindi1 Environmental monitoring programs have been required to be
breakI

.,
I augmented.

failud
a ;

3.2 Reactor Design _;

\ Part-length control rods and revised instrumentation were for eq

, provided to assure the capability for observing and controlling quires
9 the potential ef fects of xenon oscillations and other power

distribution anomalies. 3 ''
i .

Tixed reactivity shims were provided in the reactor core
to reduce the initial value of the moderator coef ficient of wa s ra
reactivity f rom a positive value to zero, so as to reduce the |,

reactivity that would be inserted during a loss-of-coolant |,

' accident with the positive coefficient. were r;
amoune .

~H The capability to include fixed , incere flux detectors alumiq
'

has been required where this capability did not exist originally. systeq.

I
~

k. ,
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Vibration teot prcgrams current ly are required durinc .,' l )initial cold are! hot t^3 ting at t h< c t ar t up pha:.m t > a c: u. ) i. equipment acceptablr. p ;rf or ma nco of reactor internalc and 'n e nitc;r for
.in ori- loose parts. A ),. { '

. . . .3.1 . Reactor Coolant System Decirn un ! Performance

' ' .tecticn
b "1unami A'!ditional pipe hangers were installed 53 o reul t of a

ed in many reviced dyn.3mic analysis of cyctem piping. .[ E
,f - p

Decign of ..ain steam lines was required to include a i

inst tor- ?! PIIII''1 dyna: ic analysis and improvad quality control on yf -

cols have tield welo,s. g j j
I 8

Strecs an lycic and inspection of primary ccolant pump -

,

Uic winds. flyyheels during fabrication and the capability fcr in pe.. tion
ib,[ .,U13during the service life of the flywheels is now required f or all d

lE u"gn modi- b SM-
*

fire
g. low restrictio - :.tva been requirad in min steam lines to

reduce the reactivity transient following a postulated cteau line
' ) @ Mr
I)

.. from '" *k-
,

}* winds. . !!at erial samples f or r.oni toring the intecrity of censitired
stainless steel within the primary coolant system have been re- ' !!Q 9{

c ;.

9" *wa

h
. f

The decign bases for reacter interna 1n incirk the reactor ew snel were modified t o include,an allcwance for blowdown forcesn some ;

cavities, foll wing a 1 33- f-coolant accident. g
{* s. " .

sensitivity e - 1 reliability of de tecticn of coolant 4
Thet gleaking from the primary syctem and from emergency systams were ( .'have been required to be improved. ~

y
upstream

Additional pipe restraints and innervice increction have
been required in the vicinity of steam f.cneratorc to redu w the 3 i. 9

te to pr bability of a primary syste:a pipe break causing a steam gen- d j
the ra w allure.

,?J ,t Wy. ,;

Additional restraints have been required on prirnary system
.

'' . ;
. ired to be piping to prevent the possibility of pipe whip, folicwing a *
'

bryak, rupturing the containment boundary or caut.ing other piping ')
,

failures. .

Replacement, or other measures to minimice the potential b
. tion were f r cracking of furnace-sensitized stainless steel have been re-
ntrolling quired in several plants. f.g i 3p
E **#

3.t4 Containment and Structures
.

..' , .
tor core. Diagenal reinforcement for the primary containmens tsu ild ing I
nt of . was required, to accommodate selsmic shear forces.

3g
" *
'I'"* Aluminum components used incide the containment building i

were replaced to the extent possible with steel to minimice the

([4
J

amount of hydrogen that might be generated from corrosion of the H
2

-aluminum by the chemical solution of the containment ,h, ,
cctors spray
originally. system.

.
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'f G Improved containment buildin;; penetration design details,'
pg

..[,ff
'; including leak testing ability, were required f or a number of

of cases[
plants., >

#4 koC^

Additional protection of fuel storar.e pools is being required have beem
,

, . , - to protect against the consequences of droppinr, a shipping cask of all eq

- '

into the pool.

Tes' -; Control room shielding was required to be increased in sieulatim
.

!, !;I thickness to allow normal occupancy following a postulated loss-
; of-coolant accident.

*
-.

C: rij'

ventilati,

yh[ *. ' A fresh <:ater storage tank was releccted since failure at iects of
c

its original location could have caused the failure of twoW, diesel generators. Ths
C autsmatic
.a M* The intake channel and intake structure for the condenser pump and'' ' cooling water were modified to withstand the design basis earth- a rod-dreg [.

quake and to provide emergency cooling at minimum water level.s
*

, .
Th. eMj * . ~ . A containmentdry'

.

building desi n was modified so that con-C nsite is
tainment prestressing cable anchors would be easily accessible nineered
for inspection during operation.e'

g
! ed to aAll portions of the post-accident decay r. eat removal% ,*1 systems are being required to be designed to seismic Class 1 " # #

M9 specifications.
_ gag,

N i.

to the sg& ? The caseous waste storage tanks are being required to be product yr? designed to seismic Class 1 specifications. in the e3
I"

t The response spectrum for seismic design was required to be Thq+Gp. , revised to provide a more conservative design. automatig
Af 3

*

%, ' The design of fuel storage building was required to be Els~~

revised to include provisions for controlling Icakace of gaseous standby {#
activity and for charcoal filtration of gaseous effluent. '

Ph)k Provisior are now required to deal, without the necessity ment syst
, of venting, with potential combustible gas mixtures generated,
; following a loss-of-coolant accident, by metal-water reactions Fodin the core , radiolysis of emergency core coolant, and corrosion strains J
j in the containment. and comp <

} of plants
:

( 3.5 Engineered Safety Teatures

7 The designs of emergency core cooling systems and vital vity levq-

l '

heat removal systems have been required to be revised to increase
reliability and margin and to meet active and passive failure T

- criteria.
I

1 I" IDk
I

Emergency Core Cooling System pump motors were required to
.*

be protected against the spray of the containment cooling system. turbine (
*

'

t Chemical sprays or filters (charcoal and particulate) are 3.6 h
d being required to reduce iodine inventory after a loss-of-coolant
5 accident to meet reduction factors required by conservative Cl.
'

assumptions on fission product releases And meteorology. [
;

l e:
M !

i:
1

!
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atails, g c 3y n,la n t diesel r.onerators h.ive be..n r"quir d in a number Jh $
"r of of eace: to achievo a b "l : 2 t o reliability of oncite rower cyctems, g

Foo ns housinr. < ritical emerr.ency core coolir., conpon.n'n hng required hea v e Le?n required to be scaled or ceparated to prevent itcoding 1
'ng cack of,all equipment as a renult of a sinr,1c failure..

Test s of vit al equipment have beon required under conditions .gel in cimulating those attenling an accident.
od locs- 9 -

Filters were required to be added to the auxiliary building -]f
-

ventilation syntems for a number of plants to mitigate the ef-
,h>

p
lure at fccts of a fuel handling accident.

. .so
9.- gThe desirn was modified in a number of cases to inclulo - f -

automatic isola tion of th" main condenser n cchanical vacuum 6
~

!; $.ide n s er pump anet cland seal exhausters to reduce potential doces from ?Sf3
c earth- a rod-drop accident. L, (
level. . C * %

The amount of fuel for ettergency diesel generatorn storad r;
ncita ic required to be sufficient to allow operation of en- g |

~'
con-
ible gine red cafety features for one week. g 1

The containment air cooler design was required to b modi- g'" 9fied to allow detection and isolation of failure of the cuivice 'd '

11

I}}*A
. %water coolant lines. '

ss 1
;.

Fadiation detectors were required to b" placed adjacent
to the opent fuel pool to provide quicker dotect ion cf ficcion . Q:p s

to te protuct release and recultant icolation of the reactor building ' aC {in the event of leaka;.e. I: ' t

Nred to be The control room ventilation system wac required to close 'h
automatically on detection of radioactivity in inlet air. |q

-> be Electrical heat tracing v reraired tn !>o provide 1 on the !4 h
! Caseou tandby liquid poison control injet.. ion line (boron solution).

;.7 g $3
"

.
.t'

Physical ceparation and redundancy of standby gas treat- 4
acessity r.c n t systems were required. p* 3

| rated, h| itionc l' ore conservative limits were required on the stresses,
[(1
. .'

:rrosion strains and deformations permitted in Class 1 cyntems, structures
$=

hand components under seismic and accident conditions in a number
of plants.

m '

Additional equipment has been required to reduce the acti- ?

Atal vity level in off-gas releases. Ji ,

. increase
'I"#' The design Icakage rate for :everal containment buildings

"gh
-

was required to be reduced. !

. Installation of independent overspeed protection for theI aired to ,

| , system. turbine generater has been required for several plar.ts. ;

4

tc) are 3.6 Iy trumentation and Power Systems .{
s

* I""* Changes have been required in a number of plants to achievei "* .

ccparation of cables cervicing redundant control and pro *cetion |h ,

'

Instrumentation. ep

[ :

( 'I
) ;f
I

, A
;t

, h '
n

h
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. /d[- j, Changes have been required to improve the testability of Rede% vital instrumentation.
''

that failM,rW . . - prevent thM.3. 'y Switching of equipment loads betwoen emergency diesel
. g,cneratcrs was changed from automatic to manual. Int.
"1- with resp, ,

,
,, j ;; Incorporation,of the split bus arrangement for emergency for cash eS 'Jt power supply has been required for a number of plants, resultingp% 3 Ln the addition of another diesel generator and redesign of distribution po3.r}

YM ;L system s. the conta-
p(4.: -i

@S U@i%~ g': Circuitry for a flow-biased, flux scram was required to be Cha[
installed and to meet protcetion syst em standards for a number for a num

' {f ] of re.ctor plants. the numbe

'h The circuitry for the rod block monitor systen and auto-
'

;
4 SO::

? eclief system were required to meet protection system standards,

g, . for several reactor plants.
'; Son

/y a
. are discug The control rod position readou* system was required to does notjp g

.- ;- position.
be modified to give indication when rods are of f their demanded: 1,) proyi.lp are used

"ph .- Instrumentation is now required to meet seismic design 4.1 Thet

N 1* standards in all plants..

*
As

'c%j l A redundant station battery was required. consider
s. water int.

-
-E I The ability to perform a hot shutdown and the potential at 3000C,

capability to perform a cold . shutdown from outside the control 2$CC. Thegl ,

hj. 4 room is currently required. calculate
.D

'
. will not

Diverse signals are required for actuation of the emergency two ways:, a

gi; core cooling systems. after man
.e; materialM Means for direct measurement of primary system coolant Therefore'

4 [' flow rate were required. conservat
't t~

1

An alternate circuit to provide offsite power to the The|gf R
.?d emergency buses was required to cope with postulated failure of ultra-con,

;
, e the startup transformer of several plants. of thick

i
'

;_ - [ known. T
[ Actuation instruments for engineered safety features are long irraq

u required to meet protection system standards. severely.";
analytica-; ,

D V e Control systeme for emergency power were required to be reduce th
' || [ redesigned to meet protection system standards. elapse be'( .

j$n' .

g ; Tod'
g.: large reg

3.7 Hiscellaneous h

3; Improved development of Quality Assurance procedures and jnd red]
*

% { organi::ation changes,to implement these quality assurance pro- indicated
,

.#
grams have been required in many cases. j

-

a
,

N Design changes have been required in radwaste systems t,

for somIp reduce normal operational releases. resolve dn .

[
w ~
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,
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'ility of Redesign of fire protection systems b.is been required so
t hes t failure of seismic Class 2 portions of the systems will not 'W #
prevent the functioning of seisnic Class 1 equipment.

h,esel .,

Interlocks ani procedural restrictions have been required b 'l
[[j i 1

with respect to the crane which hoints to minimize the potential w
aergency for cash drop which could damage fuel or the fuel pool. g

1, resulting ;,
listribution Post-operational integrated leak rate and strength tests of I a

the containment building are required. .Q
-i.)

aired to be Changes have been required in the operating organizations Hj 2

a number f or a number of plant s tc include an additional supervisor and W
the number of licensed operators. y

.;

3and auto- 4 SOME TECilMTCAL SAFETY ISSUES TilAT 11 AVE NOT BEEN RELOLVED h .

'
standards

- p
Some examples of technical issues that are not resolved 9, i +,

are discussed in this section. Adequate assurance of safety J ~

iired to does not require complete resolution of these matters (see Section [U y

r demanded 1.) provided approximate conservative assumptions and procedures !! j

(h .
sare used in areas where knowledge is limited.

design 4.1 Thert;'a l Shock from Emergency Core Cooling ,pe a
"

As an example of an " unresolved" technical safety issue, i t

consider the consequences of injection of emergency core cooling C. ' W
'

water into the reactor vessel. The reactor vessel, initially ij

atential at 3000C, is sprayed or flooded with cooling water initially at i ;y
control 250C. The resultir.g thermal stress in the vessel wall can be ij 4

calculated; it is not difficult to show that a perfect vessel , ' "

will not be damaged'. Eut r eal vessels are imperfect in at least 42
y:' ,he emergency two ways: (a) flaws smaller than some acceptance limit remain

after manufacture and inspection; and (b) the properties of the :

material change during life because of the neutron irradiation. 'Yi ?

'j! 0
.icoolant Therefore, the stress calculation must be performed with some

'
3

conservatively hypothesized flaw present in an embrittled steel.
d

o the The only way such calculations can be made presently is $
failure of ultra-conservatively, since the tracture toughners prcperties ti

of thick (15-25 cm) sections of irradiated steel are not well ;'
known. These over-conservative predictions show that following a

tures are long irradiation such an event might cause the vessel to crack d
severely. A large-scale pregram is underway to develop both the :'

analytical tools and the experimental information needed to n

ed to be reduce the conservatism now required, but several years must ' '. I

elapse before this information will be available. r

t
Today's vessels are not highly irradiated, because today's t,

large reactors are young. So, one can put off the letermination i.
of whether something must be done al:out thermal shock until the W
information is available. If the present conjecture is disproved, -{and remedial measures become needed, the vessels can be annealed - i

hres and in place as their neutron doses reach the point where this is ') ,

Ihi"C' PEO~ indicated.
?A

Thus this problem has -- and needs-- no definitive solution YJ

!M.ystems to for some time to come, and an appropriate program is underway to I

resolve the issue when needed. g

a
h
#
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4.2 Power wi Peaking Limit s to detec'gf i

f Another tcchnical issue, that will nover be "firally" r" f,

3 co lvel , relates to th" power rating of a reactor core. The early gtQp ;
M'' 5 reac tors w :re rated very conservatively. niter <xperienca had
. (M~ troe n r,a i nal at these levels, development program, ucre undertaken p

that hig! r ratings cidentsto show. thg retically and experimentally,h ]
g,gy ,

, j ust il led . In maryy cases, the in:rcased pou"r and power studiedwero
;uM ~ ' !" , density, as compared with those of pre /lously approved reactors' a few a

have been justif ied on the basis that the sa f e t y mar r.iry s , pre- of impre'' 1'p* i .

viou~.ly evaluated have been found to be larger than oririnally . is not 37,'

.%; . Lelieved. This [eevaluation is usually based,on measurements in, designec
X$ >

tho newer operating reactors, or moto sophist icated calculat iona' tion of,

* C t& - tochniques, or the data fron the development prq ra:s -- in,some i_ y

y cases on all of these thinrc. In many instances, the new infcr-,, gf g'

b; :2 tion ar.51 te;hniques do indeed show that the improved performance
; ' t? leaves margins not significantly different from those formerly Tl

Q th >urht to exist. ,However, it is also ungleniably tr ue that ,the system s
actual safety margin will have been diminished by tne uprating. antigg ,p4 .

'

If the power increase is justified by leaving the peak t t'

p e r <iennity unchgnged, but running the rest of the core at. Since stQ,'
?4 hie h e n- power density (improved ilattening), then the issue is approxi:'

,.
! tather different. The hottest part of the core is demonstrably which f.

Q| 1 ,, ,
no hotter than before. The rest of the core, thou6h hotter than consegui

,
g ?

before, is still cooler -- has a,grea ter safety margin -- tnan bility,

f- the hot spot. But any accident involving overheating wili in-,

unprotec.s- r volve a larger portion of the new core than the old enc, because' $g | greater f raction of the new core runs hotter, even thcugh the 3- ; a
hot spot decs not. various,

g
'

quences.
'h

- What is an appropriate limit for this procedure? Economy
W dictates that the core heat rencration should be as hearly uni-,

#T 'orm as practical, so long as the result is safe. So far, power g,y p

i distributions are not so flat as to givo serious concern, Lut a
]01

,

, 1i ';. limit f flattening has not been determined. Further study is

!, needed on the flattening question so tl.at development of hinher
hurrica:(
is that

g% i- rated , raore economical cores will not be inhibited by lack of
L P' knowledge of this safety issue. Clearly

difficu
. 4.3 Common-Pode Failures in Frotective Systems occurs

.

Very la
( Protective systems and engineered safety f eatures are com- this.is'$;7 .

posed of redundant comporyents, arrange =d so that no single failure record

- .

3 $p(j
{6

f.
will result in system failure. Yet, when the system failures therefo'

[ 4sf that do occur are studici, it is discovered that the majority of seismol
p y if such event s involve multiple failures, for which the probability severit

rp.S P is calculated to be very low. The actual failures are found to cern.
* M '- involve not the concurrent independent component failures evalua%
d , v' . usually considered in probability calculations, but causally re- revised

"Q@ g, lated failures from design error, exposure to hostile environment, knowled
or human error. These common-mode, or systematic, failures are j

N .

Jq j distinguished from the random failures usually considered.
c

-
4.5 i

) ! Redundancy offers little defense against common-mode fail- 9
The only technique presently known to reduce their proba- Tg ; ures.

4 g1 bility of occurrence is diversity; i.e., the ability to perform lated ii
- *i

the function in different ways. For the reactor protection system, cooling

. ( diversity can be applied by monitoring different process variables install
,
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to detect a r. i '. "n ccndition (cirnal diversity), by ucing dif fer ent 'h b1 hnally" re- types of equipm-nt to perform the came function (equipment diver- ~ cl}city), and by e plcying dif ferent modec of corrective action h hhe rly.

(actuatcr divercity).

e undertaken Tha study of those problems is in its infancy. A few in-
pg%,k%

r ratings
cident s have b~ n a na l y?.ed ; a few protection cystems Live been p

.nd pcw r g o
-) reactorc, ciudied cyctematically to identify potential co u.on-mode failurec;

. k MM |a f ew oxamples c f si, nal diversit y have been decinned. The amountins, pre- of irprovement in roli ability at tainable by the ute of diversity
|

y?)
. j, .riginally. is not kncwn, since no cyctems are yet known to hava been j( ,

r.
| urements in designed in the United States with the full deliberate applica- s
| 11culational W )3tien of th< thren typen of diversit y. !!o re o ve r , th" amount of , j!j Fh3,t-- in,com" improvemant requirod, if any, in not kncwn becauce the re l i a bil i t y Mc Q N(h
l

new infor-
of present cystems is not known.

{ |th,lijM.g
:d perfornance

| formerly i - gThe controlling factor in require 1cnts for protection-
% @Wg

( :e that,the 3.,,p e., reliability is the need for protection against certain 4
i uprating, ant icipated ci erat ional occurrencec. Examples of cuch occurrences y'"J q~are turbine trip for the boiline-water reactor and loss of power'he peak -ito the main circulating pumps for the pressuri:ed water reactor. k N.,|core at. Since such events are expected to occur with a frequency of ;Wissue in approximately ence every few years, any events in thic class for W~.on s t ra bl y

which failure of protective action would have unacceptable 7hotter than . I' ; y ' ^ h{:n -- thin concequences will require a very high protection-syctem relia-
bility in order to keep acceptably low the probability of an

! .will in- unprotected accident.ne, becauSe I*|3 .J
though the |*daStudy is continuing on both the probabilities of the ' KID.. )various failures and occurrences and en their potential conse- ,',{quences.? Econ n y

-
' .? .

.-arly uni- & a,

3 %* far, power 4.4 proba bility of Environt.ent al Events
[ern, but a

study is
One of the design criteria for cafety of a power reactor y g

of highna
is that it be able to withstand t he most severe earthquake, 7 'a-

u 't,

lack of
hurricane, flood or tornado that reasonably can be postulated. M '

'

Clearly, each site most be evaluated in these regards. The
<

y'difficulty in establishing the criteria for a specific site +

occurs because the recurrence interval of such cevere events is ) ',
very large -- thoucands of years or longer. In the United States,

..

cs are com-

(i ' |this is longer than any historical record, and the nonhistorical:ngle failure
record is often hard to read. The criteria for a given sitefailures ,

Jytherefore must be based on the best judgment of experts in i, k
..

najorit y of '

seicmology, meteorology, and so forth, based on frequency-proba bili t y severity theories necessarily unchecked in the region of con- @/J y
e found to cern. The result is that occasionally a site must be re- i b:ures evaluated in the light of new information and the criteria .'j, jmusally re- revised (-- alw iyc upward , it seems. In the present state of I g; fenvironment, knowledge, this appears to be unavoidable).ailures are ~

, ;&

'c re d . Ki x.' ~

,
4.5 Performance of Emercency Core Cooling Systems

-mode fail- kg n
heir proba- The losc-of-coolant accident (LOCA) is a Class 3 postu-

tt y y
.4

to perform lated improbable accident (see Section 2.3); the emergency core n.cetion system, cooling system (CCCS) is one of the engineered safety featurec h ",: css variables installed to mitigate its consequences.
*
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, The trCS ic required to be decigned to do the follcwing:
, g,h [$2:

,

(a) to limit the peak fuel cladding temperature to a caf* value,

9/f3 l curr :nt ly tak en to be 12G0 C, (b) to limit the chemical reaction0

L. tween the cladding and water to involve lecc than l', of the

-Z J totti amount of cladding, (c) to terminate the temperature tran-

| N*$ cient of the cladding so that the core geometry permits adequate

g h coolirq and before the cladding is so embrittled as to fail upon*

f querscharg , and (d ) to reduce the core tempe rat ure and remove
i ,gegg j,;., g. ;, decay heat for an extended period of time.

Au a result of an extencive t eview in 1900, programs were

;b4{.": initiatrd t.y the Atomic Energy Cc.uniccion and the nuclear in-*

g, dustry leading. to improvemont in primar y cystem integrity,
7 development of iruproved analytical metheda for predicting ECCS.

g .i perfor mir.ce, and acquisition of ex .crimental information to
NrCtt AR. f@ ' cupport anI confirm the analysen.

"'". The experimental and analytical programs are described in eJo '
*

j7 a companion paper.; The related proccuces of development of undueink
on nuctor

7;' analyti';al tools and c.onfirmatory experimentation are expected
to continue, llowever, use of the new, more cephinticated, iu rcque'8qp <

$'h,k' b analycis techniq1cc for evaluation of ECC5 performance in reactor r. gulaum

W cyctemn hac begun. In view of the large amount of new information Mie

to thc aad
i available, the Atomic Etergy Conmiccion again conducted, in 1971,,"" ,

caa be da review of the current Otate cf ECCO technology.a
y %q paci! cu.,

,

1 14*.'t Ileally, one would have available analysis methods capableIT '' y
. h34 I of det ill(d reclictic ptediction of a11 phenomena known or sus- are the u

T ! pected to occur during a .0CA, supported in every aspect by scinng, c'

Vg definitive experi't.ents directly applicable to t he LOCA. In the rwn,a

5e- ! aLcence of such perfection, adequate accurance of cafet'/ is untants

7f r ottained f ren an appr opriately conservative analycis baced en*
' ^ M crndvaildble exper$ Mental inform 1 tion. In afeac of inCCmplete ""

3'; knowledro, conservative ascumptionc or precedures are applied.
'# # '',

I C As f urt her exp"rir.cntal inf ormation or impr eved calculational

j( ' ' 9'
j techniquen t>ecorne availabic , the concervatisms previously in- " " , "

S ' " ' ' '
. [osed can be r eevaluated and a more realistic approach tak en,
5 justified by the improvement in knowledge. {'"'

g .,,['The result of the 1971 review was the development ofp8 ,

interim evaluation modele conciating of corputer codes, each ons t. ri-
,

y p-

4 *; together with its set of suitably conscrvative assumptions and ,,c gg ,i,,-

,

procedures, to be applied to each plant. g,, ,,t
.
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NOTE T0: Attached List

FRG4: S. H. Hanauer, Assistaat Director for Plant Systems, DSS

SUBJECT: 1. EfNIRC!; MENTAL QUALIFICATION
2. INSTRUMENTATION TO FOLLOW THE COURSE OF At! ACCIDENT

I believe that as a result of the TMI accident, we have to rethink:

1. Environmental Qualification envelope
2. Things which have to be qualified e
3. RG 1.97 implementation
4. Backfitting

Changes in my thinking include:

1. Core damage is credible
2. Long-term plant operation is essential; initiation isn't

enough
3. LOCA and SLB may not give an envelope that includes the TMI

experience
4. He are relying heavily on things not defined as " safety-related"

(Browns Ferry was like that, also)

I believe that we will be required, justifiably, to hasten the pace of
review and backfitting decisions. We can't be definitely quantitative
until we have better data than now available (for example, dose rates),
but we can start thinking in principle.

i

Please start thinking about this problem. I will set a due date for.

your ideas as soon as we get off the night shift.
! I

| N.-
'

QVu |
S. H. Hanauer, A sYstant Director
.for Plant Systems -

,. Division of Systems Safety

cc: G. Arlotto
R. Boyd
R. DeYoung
R. Mattson
0'. Ross
J. Sniezek

, 79070 ,0\2
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Addressees _

V. Benaroya

E. Butcher
W. Butler .

A. Ilintze;
W. Houston
J. Knox
G. Lainas

I C. Miller
T. flovak
F. Rosa,

R. Satterfieldt ,

i M. Srinivasan
,

D. Sullivan'

i A. Szukiewicz
R. Tedesco

i D. Tondi
R. Vollmer
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MEMORANDUM FOR: Robert B. Minogue, Director

Office of Standards Development

FROM: Harold R. Denton,-Director
Office of Nuclear Reactor Regulation

SUBJECT:
INSTRUMENTATION TO ASSESS NUCLEAR POWER PLANT
CONDITIONS DURING AND FOLLOWING AN ACCIDENT

One of the major lessons learned from the Three Mile Island accident is
that better information needs to be provided to nuclear power plant
operators to enable them to reliably assess what is taking place in the
plant during an accident or transient situation so that they are better -

able to take remedial action. In addition to providing specific recom-
mendations on instrumentation that shcald be required of licensees in
the short term, the TMI Lessons Learned Task Force has strongly recom-

;

mended that Regulatory Guide 1.97, Instrumentation for Light-Water-Cooled
Nuclear Power Plants to Assess Plant Conditions During and Following
an Accident, be revised on an expedited basis for early implementation.
The purpose of this revision would be to incorporate the instruments
already required by the Lessons Learned Task Force plus instruments
that are determined to be necessary based on a more in-depth reanalysis
of the past history of Regulatory Guide 1.97 in view of the experience
of the TMI-2 accident. One important criterion that should guide the
revision is the need to implement, as soon as practical, state of the
art equipment in operating nuclear power plants to significantly increase
the ability to follow the course of an accident. Long term instrument
development matters should be deferred for further study pending results
from longer term investigations and decisions flowing from TMI. We believe
that a minimum set of basic instrumentation to follow an accident should
be required of plants now in operation as well as those under construction
on an expedited basis as soon as such a list is wailable.

During a meeting on July 3 1979, between representatives from my office
and your office, a course o,f action was discussed to accomplish an expeditious
review and revision of Regulatory Guide 1.97. In accordance with the discussions
during that meeting, I request that SD take the lead in this effort as follows:

An in-depth review of in~ strumentation needed to assess plant conditionsa.

during and following an accident should lead to a revision to R.G.1.97 on an
expedited basis; approximately two months to establish revised positions for
review by the Regulatory Requirements Review Committee.

I

!

I
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b. Interest in providing assistance in this effort has been expressed
by representatives of the rational concensus standards committees and the
Atomic Industrial Forum. Such assistance should be encouraged.

Ed Wenzinger, Chief, Reactor Systems Standards Branch, SD, willc.
be in charge of this effort. In addition, SD will provide an engineer
knowledgeable in the area of radiological monitoring.

d. NRR will assign Victor Benaroya of DSS and Leonard Soffer of DSE
to assist in this effort.

If there is any problem in carrying out this effort, please let me know.

| / ~

Harold R. Denton, Director
Office of Nuclear Reactor Regulation

cc: S. Levine
V. Stello
L. Gossick
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C0fh'1ENTS BY

_

ADMIRAL H. G. RICKOVER, USf!
_

' DIRECTOR

flAVAL NUCLEAR PROPULSION PROGRAM,

)

,

IN NEETING WITH MEMBERS OF

THEPRESIDENT'SCOPiilSSI0t[ONTHEACCIDENTATTHREEMILEISLAND

?
-

JULY 23, 1979

.
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COMMENTS BY

ADMIRAL H. G. RICKOVER, USN

IN MEETING WITH MEMBERS OF

IHE PRESIDENT'S COMMISSION ON THE ACCIDENT AT THREE MILE ISLAND
_

JULY 23, 1979

YOU HAVE ASKED ME TO PRESENT MY VIEWS ON ASPECTS OF YGUR
INVESTIGATION I BELIEVE WOULD BE HELPFUL TO YOU. THE VIEWS I

EXPRESS ARE MY OWN BASED ON 60 YEARS OF GOVERNMENT SERVICE.IHEY

DO NOT NECESSARILY REFLECT THOSE OF MY SUPERIORS.

ON MAY 24, 1979, I TESTIFIED BEFORE THE HOUSE SUBCOMMITTEE

ON ENERGY, RESEARCH, AND PRODUCTION OF THE COMMITTEE ON SCIENCE AND

TECHNOLOGY REGARDING MY PERSPECTIVE ON NUCLEAR SAFETY AND THE
PHILOSOPHY AND APPROACH USED IN THE NAVAL REACTORS SAFETY PROGRAM,

COPIES.0F MY STATEMENT FOR THAT TESTIMONY HAVE BEEN PROVIDED TO YOU.
I BELIEVE THE INFORMATION IN THAT STATEMENT IS AS PERTINENT TO YOUR
INQUIRY AS IT WAS TO THE CONGRESSIONAL COMMITTEE.

SINCE Y'U ALREADY. HAVE THAT STATEMENT, I WILL NOT REPEAT ITS

CONTENTS. I WILL DISCUSS THOSE MATTERS I BELIEVE TO BE OF MOST
INTEREST TO YOU.

TO PROVIDE A PROPER CONTEXT AND PERSPECTIVE', HOWEVER, I WILL

INCLUDE AS I PROCEED BRIEF REMARKS ON SOME OF THE MAIN POINTS I
MADE THERE.

,

.

O
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NAVAL REACTORS PROGRAM
_

l WILL BEGIN BY BRIEFLY DESCRIBING THE EXTENT OF THE NAVAL

REACTORS PROGRAM AND OUR EXPERIENCE TO DATE: IHERE ARE 127 NAVAL

NMCLEAR POWERED SHIPS IN OPERATION. INCLUDING NUCLEAR SHIPS AND THE
~

NAVAL PROTOTYPE REACTORS, I AM R SPONSIBLE FOR THE OPERATION OF 152

'''"fAVAL REACTORS.j

SINCE THE USS NAUTILUS FIRST PUT TO SEA IN 1955, NAVAL NUCLEAR

POWERED SHIPS HAVE STEAMED OVER 40 MILLION MILES AND HAVE ACCUMULATED
-

OVER 1,800 REACTOR-YEARS OF OPERATION. IHIS IS SEVERAL TIMES THE
_

APPROXIMATELY 400 REACTOR YEARS OF COMMERCIAL REACTOR OPERATION IN THE

U. S. WE HAVE PROCURED 508 NUCLEAR CORES, AND HAVE PERFORMED 166 .

REFUELINGS.

ENVIROTHENTAL RFCORD

IN THE TWENTY-SIX YEARS SINCE THE NAUTILUS LAND PROTOTYPE FIRST

OPERATED THERE HAS NOT BEEN AN ACCIDENT INVOLVING A NAVAL REACTOR

NOR HAS THERE BEEN ANY RELEASE OF RADI0 ACTIVITY WHICH HAS HAD A

SIGNIFICANT EFFECT ON THE ENVIRONMENT. FOR EXAMPLE, IN EACH OF THE

PAST EIGHT YEARc, THE TOTAL GAMMA RADIOACTIVITY, LESS TRITIUM, DIS-

CHARGED IN LIQUIDS WITHIN 12 MILES OF SHORE FROM ALL OUR NUCLEAR POWERED

SHIPS, SUPPORTING TENDERS, NAVAL BASES, AND SHIPYARDS, WAS LESS THAN TWO

THOUSANDTHS OF A CURIE. IF ONE PERSON WERE ABLE TO INGEST THE ENTIRE

AMOUNT OF THIS RADIOACTIVITY DISCHARGED FROM THE NAVAL NUCLEAR PROPUL-

SION PROGRAM INTO ANY HARBOR IN 1973, HE WOULD NOT EXCEED THE
,

ANNUAL RADIATION EXPOSURE PERMITTED BY THE NUCLEAR REGULATORY

COMMISSION FOR AN INDIVIDUAL WORKER.
|

|
|

2
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EACH YEAR I ISSUE A REPORT WHICH DESCRIBES IN DETAIL THE

AMOUNT OF RADIOACTIVITY DISCHARGED TO THE ENVIRONMENT FROM OUR

NAVAL SHIP OPERATIONS. THE REPORT ALSO DESCRIBES OUR METHODS

OF CONTROL AND ENVIRONMENTAL MONITORING. YOU HAVE ALREADY
~

BEEN PROVIDED WITH COPIES OF THAT REPORT.

OCCUPATIONAL RADIATION EXPOSURE

FOR THE PAST TWO YEARS THERE HAS BEEN INCREASED PUBLIC

AND CONGRESSIONAL INTEREST IN THE HEALTH EFFECTS DUE TO LOW

LEVEL RADIATION. MY MAY 24TH STATEMENT TO CONGRESS PROVIDED

TO YOU INCLUDES A REPORT WHICH GIVES THE CCCUPATIONAL RADIATION

EXPOSURE RECORD FOR CIVILIAN AND MILITARY PEOPLE INVOLVED IN -

THE NAVY NUCLEAR PROPULSION PROGRAM. PAGE 2 0F THAT REPORT IS

A GRAPH SHOWING THE TOTAL OCCUPATIONAL RADIATION EXPOSURE TO

THE PERSONNEL WHO OPERATE OUR NUCLEAR SHIPS AND TO THE WORKERS

IN THE SHIPYARDS WHICH BUILD AND MAINTAIN NAVAL NUCLEAR SHIPS.

IN 1978 THE TOTAL EXPOSURE WAS ABOUT ONE QUARTER THE AMOUNT IN
'

THE PEAK YEAR 1966, EVEN THOUGH THE NUMBER OF NUCLEAR POWERED

SHIPS OPERATING IN 1978 WAS NEARLY DOUBLE THAT IN 1966. THIS

REDUCTION IN OCCUPATIONAL EXPOSURE DID NOT JUST HAPPEN. IT

REQUIRED HARD WORK AND CONSTANT ATTENTION BY.EVERYONE - WORKERS

AND MANAGEMENT.
,

THE REPORT SHOWS THAT SINCE 1967 NO CI'/ILI AN OR MILITARY

PER30NNEL IN THE NAVY'S NUCLEAR PROPULS.10N PROGRAM HAVE EXCEEDED

THE OUARTERLY FEDERAL LIMIT 0,F 3 REM OR ANNUAL RADI ATION

3

.

, ,
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EXPOSURE LIMIT OF 5 REM. IHE AVERAGE ANNUAL JOB-RELATED

EXPOSURE OF SHIPYARD RADIATION WORKERS IN 1978 WAS ONE QUARTER

OF A REM. IHE AVERAGE ANNUAL JOB-RELATED EXPOSURE OF NUCLEAR

SHIP PROPULSION PLANT OPERATORS IN 1978 WAS ONE TENTH OF A REM. -

IHE REPORT ALSO OUTLINES MANY OF THE, MEASURES EMPLOYED TO LIMIT

OCCUPATIONAL RADIATION EXPOSURE.

I BdLIEVE .AT THE REPORTS ON RADIOACTIVE DISCHARGE AND ON

RADIATION EXPOSURE'WILL BE OF VALUE TO YOU BECAUSE THEY CONVEY |

|SOME IDEA 0F THE HARD WORK AND ATTENTION TO DETAIL WHICH WE |

HAVE APPLIED TO MAINTAIN HIGH ASSURANCE.THAT THE PUBLIC AND

THOSE IN THE NAVAL PROGRAM ARE PROTECTED.

.

DIFFFRFNCES RFTWFFN NAVAL REACTOR

AND COMMERCI AL NUCI FAR PLANTS

SINCE THE IHREE MILE ISLAND INCIDENT, THERE HAS BEEN

INCREASED INTEREST IN COMPARING COMMERCIAL AND NAVAL REACTOR

PLANTS. USEFUL LESSONS CAN BE LEARNED FROM THIS. BUT I MUST

CAUTION AGAINST ANY ATTEMPT TO APPLY DIRECTLY TO COMMERCIAL

PLANTS ANY SPECIFIC FEATURES, METHODS OR PROCEDURES FROM NAVAL

REACTORS - OR TO APPLY DIRECTLY TO NAVAL APPLICATIONS ANY

SPECIFICS FROM COMMERCIAL NUCLEAR REACTORS.

|

'~~'~ IHERE ARE FUNDAMENTAL DIFFERENCES BETWEEN NAVAL AND

CIVILI AN NUCLEAR POWER PLANTS BECAUSE OF SPECIFIC MILITARY
/

i

o

|

|
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REQUIREMENTS WHICH MUST BE MET BY NAVAL PROPULSION REACTORS.

MANY OF THESE ARE, OF NECESSITY, MORE EXACTING THAN'THOSE FOR *

CESIRAL STATION PLANTS. FOR EXAMPLE, THE SHOCK LOADINGS DUE

TO UNDERWATER EXPLOSIONS, FOR WHICH NAVAL PLANTS ARE DESIGNED,
-

ARE FAR GREATER THAN THE EARTHQUAKE SHOCK LOADINGS FOR WHICH

CIVIL'' PLANTS ARE DESIGNED. IN ADDITION, SECAUSE MANEUVER-

ABILITY IS ESSENTIAL FOR MILITARY SHIPS, NAVAL PLANTS ARE

DESIGNED TO ACCOMMODATE MUCH MORE RAPID AND FREQUENT POWER

TRANS1ENTS THAN THOSE EXPERIENCED IN CIVILIAN PLANTS, ALSO,

EACH NAVAL SHIP MUST DEPEND ENTIRELY ON ITS OWN POWER PLANT.

IHERE IS NO INTERCONNECTED-GRID TO PICK UP THE LOAD TO ALLOW

THE SHIP TO CONTINUE FUNCTIONING. -

3ECAUSE OUR SHIPS MUST BE ABLE TO OPERATE AT SEA UNDER COMBAT

CONDITIONS WE INSIST ON CONSERVATISM IN EVERY ELEMENT OF NAVAL

REACTOR PLANTS. CENTRAL STATION PLANTS ARE DESIGNED TO PROVIDE

RELIABLE POWER AT MINIMUM COST. IHESE DIFFERENT OBJECTIVES ARE

REFLECTED IN ELEMENTS OF THESE PLANTS.

COMPARISONS AND CONCLUSIONS MUST TAKE THESE DIFFERENCES

INTO ACCOUNT.

NFFD TO AVOID OVER-CONCPNTRATION OF SPFC!FICS_

I AM NOT AN EXPERT ON THE IHREE MILE ISLAND INCIDENT.
|

OTHERS ARE FAR MORE KNOWLEDGEABLE OF THE DETAILS OF THAT PLANT
I

DESIGN AND THE EVENTS LEdDING TO THE INCIDENT. YOU AND YOUR
.

5 .
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STAFF AS WELL AS SEVERAL OTHER GROUPS ARE DEVOTING CONSIDERABLE

TIME TO UNDERSTANDING IT. IHEREFORE, I WILL NOT ATTEMPT TO

COMMENT ON THE TECHNICAL DETAILS OF TWE PLANT OR THE EVENT.

.

FURTHER, THERE IS A DANGER THAT OVER-CONCENTRATION ON THE

DETAILS OF THIS ONE INCIDENT WILL HINDER IDENTIFICATION OF

STEPS WHICH MIGHT PROVIDE GREATER OVERALL ASSURANCE OF THE

SAFETY OF COMMERCIAL NUCLEAR POWER. I WILL THEREFORE CONCEN-

TRATE ON PRINCIPLES RATHER THAN ON DETAILED FEATURES OR

COMPARISONS.

BASIC PRINCIP!FS OF NAVo! RFACTORS PROGRAM
.

OvER THE YEARS, I HAVE FREQUENTLY BEEN ASKED HOW I RUN THE

NAVAL REACTORS PROGRAM. SOME BELIEVE I HAVE A SIMPLE, EASY

GIMMIC.K THAT MAKES MY PROGRAM FUNCTION. IHEY ARE DISAPPOINTED

TO F 'D THERE IS NONE - THE SUCCESS OF ANY PROGRAM DEPENDS ON

MANY INTERRELATED FACTORS.

IHIS THOUGHT IS IMPORTANT IN YOUR DELIBERATIONS. IHE

PROBLEMS YOU ARE INVESTIGATING CANNOT BE SOLVED BY DIRECTING

COMPLIANCE WITH ONE OR TWO SIMPLE PROCEDURES. REACTOR SAFETY

REQUIRES ADHERENCE TO A TOTAL CONCEPT WHEREIN ALL ELEMENTS ARE

RECOGNIZED AS IMPORTANT AND EACH IS CONSTANTLY REINFORCED.

I WILL DISCUSS SOME OF THE PRINCIPLES I BELIEVE WILL BE OF

INTEREST TO YOU. OTHERS'WERE DISCUSSED IN DETAIL '.h MY PRIOR

TESTIMONY TO WHICH I HAVE REFERRED, AND WHICH YOU HAVE.
'|

6 -
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STR0f!G CENTRA! T:CHNICAL CONTROL

ALL ASPECTS OF NAVAL NUCLEAR PROPULSION ARE CONTROLLED BY

ONE CENTRAL TECHNICAL ORGANIZATION. IT IS NOT POSSIBLE TO
_

SEPARATE THE RESPONSIBILITY AND AUTHORITY INTO SEPARATE PHASES

OR PACKAGES WITH EACH ASSIGNED TO AN INDEPENDENT GROUP. DESIGN,

MANUFACTURE, ASSEMBLY, TEST, OPERATION, MAINTENANCE AND SELECTION

AND TRAINING OF PERSONNEL ARE SO CLOSELY INTERRELATED AS. TO

REQUIRE CLOSE TECHNICAL COORDINATION AND DIRECTION. A TECHNICALLY

COMPETENT HEADQUARTERS STAFF AND EXPLICIT PROVISIONS TO HAVE

PROBLEMS BROUGHT DIRECTLY TO THE ATTENTION OF TOP MANAGEMENT

ARE ESSENTIAL, FOR EXAMPLE, I GET FREQUENT REPORTS OF PROBLEMS -

NOT THE GOOD NEWS BUT THE BAD NEWS - FROM EACH OF OUR LABORA-
'

TORIES, MAJOR MANUFACTURERS, SHIPS, AND SHIPYARDS.

I ALSO SEE THAT OUR DESIGNERS KNOW WHAT THEY ARE WORKING

ON) THEY SEE COMPONENTS BEING BUILT AND PLANTS BEING CONSTRUCTED

AND OPERATED.

TECHNICAL COMPFTFNCF
|

IN A COMPLEX TECHNICAL AREA SUCH AS NUCLEAR POWER, ALL

INDIVIDUALS WHO MAKE DECISIONS IN ACQUISITION, DESIGN, OPERATION,
l

MAINTENANCE TRAINING, ETC., MUST UNDERSTAND THE TECHNOLOGY

INVOLVED. IHEY MUST HAVE A FUNDAMENTAL UNDERSTANDING OF AND

COMMITMENT TO THE TECHNICAL ASPECTS OF THE JOB AND A DETERMINA-
|

TION TO SEE THAT CAREFUL < ATTENTION IS PAID TO THE TECHNICAL DETAILS. |

.
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[N DISCUSSING TRAINING IN THE NUCLEAR BUSINESS MOST PEOPLE

THINK OF THE PLANT OPERATORS - MOST OF THE DISCUSSION I HAVE

HEARD HAS CONCERNED ITSELF WITH JUST THAT - TRAINING OF OPERATORS.

NUCLEAR POWER, HOWEVER, REQUIRES A MORE BASIC AND BROADER CON- c

CEPT O'F TRAINING. LIKE ALL NEW TECHNOLOGIES, IT ESTABLISHES

ITS OWN REQUIREMENTS. EVERYONE INVOLVED MUST UNDERSTAND AND

APPRECIATE THE TECHNICAL ASPECTS OF NUCLEAR POWER AND HAVE A

DEEP SENSE OF RESPONSIBILITY AND A DEDICATION TO EXCELLENCE.
'

THIS INCLUDES THE UTILITY MANAGERS, THE PLANT DESIGNERS, THE

COMPONENT DESIGNERS AND FABRICATORS, THE ARCHITECT ENGINEERS,

THE CONSTRUCTION COMPANIES - PARTICULARLY THEIR INSPECTORS, THE i

ENGINEERS AND TECHNICI ANS WHO ASSEMBLE AND TEST THE PLANT, THE -

PEOPLE WHO MAINTAIN AND CALIBRATE THE EQUIPMENT, THE OPERATORS,

ETC.

WHEN I STARTED THE NAVAL NUCLEAR PROGRAM I DEVOTED MYSELF

TO THE TRAINING OF MANAGEMENT AND KEY PERSONNEL IN ALL THE

ORGANIZATIONS INVOLVEQ AND TO SEEING THAT THEY IN TURN TRAINED

THE REST OF THEIR PEOPLE. IHIS IS STILL A MAJOR ELEMENT OF THE

NAVAL REACTORS PROGRAM - SEEING THAT ALL ORGANIZATIONS INVOLVED

HAVE QUALIFIED AND TRAINED PEOPLE. EACH PRIME CONTRACTOR IS

REQUIRED TO HAVE A TRAINING PROGRAM FOR SUCH PEOPLE AS DESIGN

ENGINEERS, FIELD REPRESENTATIVES, TECHNICAL AUDITORS, AND

INSPECTORS. FURTHER, THEY ARE REQUIRED TO HAVE MANAGERS .VHO

KNOW WHAT THEY ARE DOING, TECHNICALLY AND WHO ARE RUNNING THE

.

#
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JOB - NOT JUST REPORTING ON IT AND PASSING ON THE RECOMMENDA-

TIONS OF SUBORDINATES. MANAGERS MUST GET GUT OF THEIR OFFICES

AND SEE WHAT IS REALLY GOING ON. MY REPRESENTATIVES CHECK ON :

' ' '

THE EFFECTIVENESS OF THESE TRAINING PROGRAMS.

WE ALSO REQUIRE THAT PERSONNEL SUCH AS PLANT TEST ENGINEERS

AT OUR SHIPYARDS, AND KEY INSPECTORS AT ALL CUR VENDORS, BE

QUALIFIED AND TESTED BY llAVAL REACTOR PROGRAM PERSONNEL IN

ACCORDANCE WITH NAVAL REACTORS' APPROVED STANDARDS.
IN OTHER

CASES, WE SPECIFY THE SCOPE AND EXTENT OF TRAINING NEEDED AND

THEN THE COMPANY HAS TO CARRY IT GUT AND CONDUCT APPROPRIATE

WRITTEN AND ORAL EXAMS OR ACTUAL DEMONSTRATIONS.
IN ALL CASES,

.

HOWEVER, STEPS ARE TAKEN TO ASSURE THAT EACH ORGANIZATION HAS
|

ADEQUATE MEANS TO PROVIDE QUALIFIED PEOPLE, AND TO CHECK UP
'

ON THEM. .

1

FOR PERSONNEL AT NAVAL FEACTORS HEADCUARTERS, MEMBERS
|

OF MY SENIOR STAFF AND I PERSONALLY INTERVIEW EACH CANDIDATE TO

ENSURE HE IS COMPETENf TECHNICALLY AND HAS THE RIGHT ATTITUDES

AND MOTIVATION. IHEY ARE THEN TRAINED IN THE DETA?LS OF REACTOR

PLANT DESIGN, CONSTRUCTION, AND OPERATION, AND TAUGHT TO MANAGE

THE PROGRAM THROUGH A THOROUGH KNOWLEDGE OF THE TECHNICAL FACTS,

LOGIC, COMMON SENSE, AND,HARD WORK.

l

C0t'SFRVaTISM OF nFSIGN I

'
:

IN ANY ENGINEERING ENDEAYOR, AND PARTICULARLY IN A HIGHLY
"

TECHNICAL .:lELD SUCH AS NUCLEAR ~ POWER, CONSERVAT!SM IS ESSENTIAL.

O
~

.
. . . -

"
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THE DESIGN MUST, FROM THE VERY BEGINNING, ALLOW FOR ALL THE

UNCERTAINTY AND INACCURACY IN THE AVAILABLE KNOWLEDGE. IF THE

BASIC DESIGN IS NOT CONSERVATIVE, IT BECOMES NECESSARY TO

COMPENSATE BY ADDING DESIGN FEATURES OR SYSTEMS. IHESE ADDED

FEATURES OR SYSTEMS INCREASE THE COMPLEXITITY OF THE PLANT,

MAKE IT HARDER TO UNDERSTAND AND OPERATE, AND THUS REDUCE

CONSERVATISM, RELIABILITY, AND SAFETY.

ANOTHER IMPORTANT CONCEPT IN DESIGN IS WHAT I REFER TO AS

MAKING THE PLANT " SAILOR PROOF". I INTRODUCED THIS CONCEPT IN

THE EARLY DAYS OF THE NAVAL NUCLEAR PROGRAM. IT MEANS THAT THE -

DESIGNER MUST ASSURE THAT THE PLANT, ITS EQUIPMENT AND ITS

PROCEDURES ARE SUCH THAT THE SAILORS WHO WILL OPERATE THE PLANT

CAN BE EXPECTED, REALISTICALLY, TO UNDERSTAND, OPERATE AND

MAINTAIN IT PROPERLY. THE CONCEPT ALSO REQUIRES THAT THE PLANT

BE DESIGNED TO ACCOMMODATE, INSOFAR AS ?RACTICABLE, OPERATOR ERRORS

- THAT iT BE " FORGIVING" AND THAT ITS ARRANCE+THAT MAY OCCUR

MENT ALLOW READY ACCESS FOR NEEDED REPAIRS.

MY MAY 24, 2979 STATEMENT CONTAINS MANY ' EXAMPLES OF

CONSERVATIVE DESIGN PRACTICES USED IN THE NAVAL REACTORS

PROGRAM. IHE FOLLOWING ONES MAY BE OF PARTICULAR INTEREST

TO YOU:

.
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'

[ .
v



_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

. .

.

USE SIMPLE SYSTEM DESIGNS SO THAT RELIANCE IS PLACED*

~

PRIMARILY ON DIRECT CONTROL BY TRAINED OPERATORS RATHER THAN

ON AUTOMATIC CONTROL,

DESIGN, BUILD, OPERATE, AND MAINTAIN THE PLANT SO AS TO*

PRFVENT ACCIDENTS, RATHER THAN RELYING ON SYSTEMS AND PROCEDURES

PROVIDED TO COPE WITH ACCIDENTS AFTER THEY OCCUR.

DESIGN THE PLANT SO THAT, AS FAR AS PRACTICABLE, ITS'

'

RESPONSE TO EXPECTED TRANSIENTS IS SELF-LIMITING AND ALLOWS

REASONABLE TIME FOR THE OPERATOR TO CONTROL THE PLANT PRIOR

TO REQUIRING AUTOMATIC PROTECTIVE ACTION.

* USE FORMAL DOCUMENTATION FOR ALL PARTS OF THE PROGRAM -

DESIGN DECISIONS, MANUFACTURING PROCEDURES, OPERATING PROCEDURES,

10-A
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INSPECTION REQUIREMENTS, INSPECTION RESULTS, aEE FOR ANY

WAIVERS. IECHNICAL FACTS, RECOMMENDATIONS AND DECISIONS MUST

BE THOROUGHLY REVIEWED BY SENIOR PERSONNEL IN ALL THE DISCIPLINES

INVOLVED. IECHNICAL ACTION BY LOCAL RESIDENTS CANNOT BE ALLOWED.
~

THE DECISIONS AND THE BASES FOR THEM MUST BE IN WRITING AND THE

DOCUMENTATION MUST BE KEPT FOR REFERENCE USE AS LONG AS THE

PLANT IS IN OPERATION.

CONDUCT FREQUENT, THOROUGH, AND DETAILED AUDITS OF AL'L*

ASPECTS OF THE PROGRAM BY INDIVIDUALS SELECTED AND TRAINED FOR

THIS PURPOSE. THERE SHOULD BE BOTH UNANNOUNCED AUDITS AND

EXTENDED OBSERVATIONS OF INDIVIDUAL OPERATIONS.
.

COMPLIANCF WITH DETallED GPERATit!G DROCEDURES

OPERATING A NUCLEAR POWER PLANT PROPERLY REQUIRES

KNOWLEDGE AND UNDERSTANDING OF THE CHARACTERISTICS OF MANY

SYSTEMS AND COMPONENTS; AND OF THEIR INTERACTIONS. RELIANCE |

MUST ULTIMATELY BE PL CED ON THE OPERATOR. HOWEVER; WE PROVIDE,

INSOFAR AS PRACTICABLE, DETAILED PROCEDURES FOR THOSE OPERATIONS
.

|

AND CASUALTIES WHICH CAN BE FORESEEN. PREPARING SUCH PROCEDURES

ALLOWS DELIBERATES THOROUGH CONSIDERATION BY A NUMBER OF PEOPLE

OF'ALL THE FACTORS INVOLVED. IT ALSO PROVIDES A LARGE DEGREE

OF STANDARDIZATION AND PROVIDES A MEANS TO IMPROVE THE PROCEDURES

BASED ON OPERATING EXPERIENCE. WHERE PROCEDURES ARE PROVIDED TO
'

THE OPERATOR WE REQUIRE VERBATIM COMPLIANCE. IF THE OPERATOR
.

O
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BELIEVES THE PROCEDURE TO BE WRONG OR FINDS IT CANNOT BE CARRIED

OUT AS WRITTEN, HE MUST STOP AND OBTAIN APPROVAL OF A REVISED

PROCEDURE. S IMI LARLY, IF HE BELIEVES THE PROCEDURE CAN BE

IMPROVED, HE IS TO RECOMMEND A CHANGE BUT RQI IMPLEMENT IT .c

. UNTIL IT IS APPROVED. IF NO PROCEDURE EXISTS FOR A PLANNED

EVOLUTION, ONE IS TO BE WRITTEN AND APPROVED BEFORE PROCEEDING.

OF COURSE, IN A TRUE EMERGENCY THE OPERATORS MUST DO WHAT

THEY JUDGE NECESSARY - BUT THE VAST MAJORITY OF SITUATIONS ARE

COVERED BY APPROVED PROCEDURES. KNOWLEDGE AND UNDERSTANDING OF

THEM AND THE BASES FOR THEM AID THE OPERATOR TO UNDERSTAND

THE PLANT AND DECIDE WHAT TO DO WHEN HE HAS TO ACT ON HIS OWN. -

DON'T " LIVE WITH" 0FFICIENCIES

IT IS NAIVE TO ALLOW ROUTINE OPERATION WITH MANY DEFICIEN- |
CIES SUCH AS " ALARMS'' OR ABNORMAL CONDITIONS PRESENT, AND THEN

EXPECT OPERATORS TO RESPOND PROPERLY TO ALARMS WHICH INDICATE A
,

CASUALTY. ONCE YOU LEARN TO " LIVE WITH" DEFICIENCIES.SUCH AS

SIGNIFICANT LEAKAGE AND A NUMBER OF ALARMS OR ABNORMAL CONDITIONS,

THERE ENSUES A LOSS OF ABILITY TO RECOGNIZE AND RESPOND TO NEW

PROBLEMS OR NEW CONDITIONS WHICH MAY ACTUALLY JEOPARDIZE THE
e *:

PLANT BUT SEEM TO BE JUST ANOTHER ACCEPTABLE DEFICIENCY.

IT IS UNUSUAL FCR MY PLANTS TO OPERATE WITH ANY ALARMS

FOR AN EXTENDED PERIOD OF TIME; EXTENDED OPERATION WITH SEVERAL
~

ALARMS IS UNHEARD OF.

'
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In conclusion, I believe the staff should evaluate underfrequency pro-Further-tection on operating plants as well as plants under review.
more, the compatibility of higher frequency decay rates with low power

l
levels should also be evaluated to ascertain the worst case conditions |

for plant operation.

4. Issue No.10 - Grid Stability

The Millstone incident in my view was not a grid stability incident per
Incidents such as these, however, can lead to loss of generationse.as it has in this case, which could alternately result in broad grid

ins tability. Therefore, adequate technical specifications should be -

developed to require periodic testing of the emergency power systems '
to conditions of LOCA loadings to assure the systems' proper response. _

In conclusion, I believe that operating plants as well as plants under
review should develop technical specifications to require integrated ESF
tests at refueling shut downs. Mini-flow conditions and/or blocked

. valves on pumps and fans would allow sufficient challenge on power systems
to assure their proper response in starting and accelerating their motor

Furthermore, the staff should develop the capoility to inde-loads.
pendently evaluate stability of grids that supply offsite power to
nuclear plant distribution systems, (see memorar.dum from W. R. Butler
to D. G. Eisanhut dated August 18,1976).

5. It sue No.12 - Load Break Switch-

Load break switches are not used for the purpose described in your
memorandum to the staff, Generator Creakers are the devices used for
that purpose.

Clarification of the requirements needed to make these devices acceptable
_for use in nuclear plants has been transmitted to Dr. Heineman by

memorandum dated October 26,1976.
'

The following are my comments on allegations made, that portions of the NRCB.
response submitted to the Joint Committee on Atomic Energy regarding allega-
tions raised by Robert Pollard did not adequately reflect the information
supplied by NRC technical reviewers (see memorandum dated November 8,1976,
from Roger Fortuna and William Foster to T. J. McTiernan, Director, Office
of Inspector and Auditor):

Underfrequency Protection for Indian Point Units 2 and 3_ ,

1.

My supervisor asked me to look into the underfrequency protection pro- c
'

vided for Indian Point Units 2 and 3, and report my assessment of the '

adequacy of the underfrequency protection provided for this plant.

.
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TPJ11NING_OF PLANT OPERATORS.

.

I CONSIDER THE SELECTION AND TRAINING OF THE OFFICERS AND

ENLISTED MEN WHO OPERATE OUR SHIPS TO BE AT LEAST AS IMPORTANT

TO SAFETY AS ANY OTHER ELEMENT OF THE NAVY NUCLEAR POWER PROGRAM.

THE MENTAL ABILITIES, JUDGMENT, AND LEVEL OF TRAINING OF PLANT

OPERATORS MUST BE COMMENSURATE WITH THE RESPONSIBILITY INHERENT

IN OPERATING A NUCLEAR PLANT. 3 ELECTION AND TRAINING OF PER-4

SONNEL IN THE NAVAL NUCLEAR POWER PROGRAM ARE CARRIED OUT WITH

THESE CONSIDERATIONS IN MIND.

ACADEMIC ABILITY, PERSONAL CHARACTER AS DEMONSTRATED BY
:

ANY ACTS REFLECTING UNRELIABILITY, AND PERSONAL MOTIVATION ARE )-

TAKEN INTO ACCOUNT IN SELECTION OF PERSONNEL. ONCE SELECTED,

|THE INDIVIDUAL IS CONTINUALLY SUBJECTED TO REVIEW. NOT ALL

THOSE SELECTED FOR TRA!NING PASS THE COURSE AND OUALIFY. SOME

HAVE TO BE DROPPED. ALSO, IT IS NOT SUFFICIENT TO QUALIFY AN

OPERATOR ONCE, AND THEN LET HIM ALONE. IHEREFORE, OUR TRAINING

PROGRAM IS A CONTINUING ONE. IHE SAME STANDARDS ARE USED FOR

REQUALIFICATION AS FOR INITI AL QUALIFICATION - AND, AGAIN, NOT

EVERYONE REQUALIFIES - SOME FAIL AND ARE DROPPED.

1

I WANT TO MAKE CLEAR THAT WE TRAIN AND QUALIFY ALL
|

PROPULSION PLANT OPERATORS - INCLUDING STEAM PLANT OPERATORS.
s

,

1

|

|
'
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THERE IS SUCH A DIRECT INTERACTION OF THE STEAM PLANT AND THE

REACTOR PLANT THAT THIS IS REQUIRED.

IN ADDITION TO THE TRAINING AND RETRAINING PROGRAMS,
__

INSPECTIONS OF PERSONNEL IN THE FLEET ARE CONDUCTED BY MEMBERS

OF MY STAFF - BOTH FROM FIELD OFFICES AND FROM HEADQUARTERS.

ADDITIONAL INSPECTIONS ARE CONDUCTED BY SPECIAL EXAMINING BOARDS

ESTABLISHED BY THE. CHIEF OF NAVAL OPERATIONS AND BY NUCLEAR

TRAINED PERSONNEL ON VARIOUS OTHER NAVAL STAFFS. I REVIEW THE I

RESULTS OF ALL INSPECTIONS.

I HAVE ESTABLISHED A FORMAL SYSTEM OF REPORTING PROPULSION

PLANT PROBLEMS WHICH IDENTIFIES AREAS IN NEED OF IMPROVEMENT IN - j
'

THE TRAINING PROGRAM. I ALSO REQUIRE THE COMMANDING OFFICER OF

EACH NUCLEAR POWERED SHIP TO WRITE ME PERIODICALLY CONCERNING

PROPULSION PLANT PROBLEMS. THESE LETTERS MUST ALSO CONTAIN

DETAILED INFORMATION ON THE TRAINING HE HAS CONDUCTED SO I CAN

EVALUATE WHETHER SUFFICIENT TIME AND ATTENTION ARE BEING PAID

TO THIS IMPORTANT rREA'.

ANOTHER IMPORTANT ASPECT OF OUR TRAINING PROGRAM IS OUR

INSISTENCE THAT OPERATORS BELIEVE THEIR INSTRUMENTS UNLESS AND

UNTIL THEY ARE PROVEN WRONG. IF THEY CONSIDER AN INSTRUMENT TO

BE IN ERROR, THEY MUST REPORT IT IMMEDIATELY. OUR OPERATORS ARE

DRILLED CONSTANTLY ON THIS PRINCIPLE AND TAUGHT THAT THEY CANNOT

IGNORE INSTRUMENT READINGS EVEN IF THEY BELIEVE THEM TO BE

.

.

14



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

. .

INVALID. IHEY ARE ALSO DRILLED IN WHAT AN INSTRUMENT READING

REALLY MEANS AND HOW IT CAN BE AFFECTED BY CASUALTY CONDITIONS.

IN CASE OF DOUBT AS TO THE ACTUAL MEANING, THEY ARE SPECIFICALLY

TAUGHT TO BELIEVE THE WORST.

IHERE IS ONE OTHER POINT WITH REGARD TO TRAINING I WANT

TO EMPFASIZE - AND IT IS THIS: IOP MANAGEMENT PERSONNEL MUST

BE TECHNICALLY KNOWLEDGEABLE AND BE FULLY INVOLVED IN SEEING

THAT THE TRAINING IS DONE PROPERLY. IT IS INSUFFICIENT AND

MISLEADING FOR MANAGEMENT TO DEAL, AS MANY DO, SOLELY WITH THE

TOTAL NUMBER OF MAN MONTHS OF TRAINING OR THE LENGTH dF THE

PROGRAM, OR THE COST, OR THE FACILITIES, OR TO DELEGATE TRAINING
.

TO A SUBCONTRACTOR, THEREBY LEAVING THE VITAL " DETAILS" TO

SOMEONE ELSE.

SIMILARLY, THE CONTENT OF THE PROGRAM CANNOT BE DEVELOPED

BY THE DESIGNERS ALONE OR BY OPERATORS ALONE - BOTH MUST BE

DEEPLY INVOLVED ON A CONTINUING BASIS.
.

IHESE ARE JUST THE MAIN ELEMENTS OF THE TRAINING EFFORTS '

IN MY PROGRAM. BECAUSE TRAINING IS SO IMPORTANT, I HAVE

PROVIDED, IN MY l' LAY 2flTH STATEMENT, A MUCH MORE DETAILED

DESCRIPTION OF OUR TRAINING OF PLANT OPERATORS. I RECOMMEND

THAT ALL THE COMMISSION MEMBERS AND YOUR STAFF READ IT.

SOME HAVE SUGGESTED THAT THE SUCCESS OF NAVAL NUCLEAR
.

POWER IS A RESULT OF THE DISCIPLINE WHICH CAN BE ENFORCED IN A
.

i i
-
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MILITARY ENVIRONMENT, BUT WHICH CANNOT BE ACHIEVED IN A COMMER-

CIAL NUCLEAR ENVIRONMENT. I DO NOT AGREE. I~BELIEVE THAT

ADEQUATE DISCIPLINE CAN BE OBTAINED IN COMMERCIAL NUCLEAR POWER.

c

DISCIPLINE IS AN ESSENTIAL CHARACTERISTIC OF ANY SUCCESS-

FUL PROGRAM AND OF ANY SUCCESSFUL PERSON. IHE DISCIPLINE IN

THE NAVAL NUCLEAR PROGRAM HAS BEEN SUCCESSFUL, NOT BECAUSE THIS

INVOLVES MILITARY APPLICATIONS, BUT BECAUSE I HAVE INSISTED UPON

STAFFING THE PROGRAM WITH INTELLIGENT, MOTIVATED PEOPLE, WHOM I

HOLD ACCOUNTABLE. ACHIEVING THE REQUIRED DISCIPLINE .IN THE

COMMERCIAL NUCLEAR FIELD WILL REQUIRE ATTENTION TO RESPONSIBILITY

AND THE OTHER THINGS I HAVE SUGGESTED, AND RECOGNITION SY ALL '

INVOLVED THAT TAKING PART IN DESIGNING, BUILDING, AND OPERATING

A NUCLEAR POWER PLANT IS NOT A "RIGHT" GIVEN TO EACH AMERICAN

AT BIRTH ANY MORE THAN BEING A SURGEON OR AN AIRLINE PILOT HAS

SUCH A "RIGHT". SELECTION AND RETENTION OF PEOPLE MUST BE BASED

SOLELY ON COMPETENCE AND PERFORMANCE. IHESE MUST NOT BE

SUBORDINATED TO OTHER* GOALS. MANAGEMENT RESPONSIBLE FOR- SAFE

OPERATION MUST HAVE THE AUTHORITY TO ENFORCE STANDARDS.

FORMALITY M!D DISCIPLINE

ANOTHER IMPORTANT ASPECT OF OPERATING A NUCLEAR PLANT IS

TO ENSURE THAT THE OPERATORS' ATTENTION IS CONSTANTLY FOCUSED ON

THE PLANT. IHIS IS DIFFI4 ULT, ?ARTICULARLY I.: THE PLANT IS

I.

1

),

16 1

|-



e d

OPERATING AT A STEADY STATE CONDITION. IN THIS SITUATION THE

OPERATOR HAS LITTLE OR NO DIRECT ACTION TO TAKE - HE MERELY MONI-

TORS. IHERE IS THEN AN INEVITABLE TENDENCY FOR HIS ATTENTION TO

DRIFT - FOR IDLE CONVERSATION OR EVEN READING OR EATING TO TAKE
-

P LACE . IHIS CANNOT BE TOLERATED.

CLEAR COMMUNICATIONS ARE ESSENTIAL IN DEALING WITH NUCLEAR

POWER. THERE IS NO PLACE FOR MISUNDERSTANDING OR FOR GUESSING

WHAT IS MEANT. IN MOST HUMAN COMM'UNICATION, PARTICULARLY AMONG

THOSE WHO ARE ACCUSTOMED TO DEAL FREQUENTLY AND CLOSELY WITH ONE

ANOTHER, PRECISE LANGUAGE IS OFTEN NOT USED OR REQUIRED, MUCH OF

THE MEANING BEING CONVEYED BY TONE OR GESTURE.
.

IHIS IS NOT ACCEPTABLE IN THE OPERATION OF ANY ADVANCED TECHNO- !
i

i

LOGY SUCH AS NUCLEAR POWER. ALL COMMUNICATIONS MUST BE PRECISE,

USING STANDARD TERMINOLOGY WHICH LEAVES NO MEANING TO BE IMPLIED

AND REQUIRES NO INTERPRETATION. ALL ORDERS MUST BE GIVEN aM2

A_C KNOW! EDGED IN SPECIFIC AUTHORIZED TERMS.
1

FOR FORMALITY AND UISCIPLINE TO 03TAIN WHEN THERE IS AN
|

EMERGENCY, IT MUST HAVE BEEN PRESENT WHEN THINGS WERE GOING 1
,

ROUTINELY. CREWS THAT ENGAGE IN TALK NOT DIRECTLY RELATED TO PLANT
'

CONDITIONS OR OPERATIONS OR WHO INDULGE IN SLOPPY PERSONAL HABITS

ON WATCH WILL NOT RESPOND QUICKLY AND CORRECTLY TO A FAST MOVING

PROBLEM.

IN THE NAVAL PROGRAM WE PAY CAREFUL ATTENTION TO STRICT

FORMALITY. WHENEVER THE PLANT IS OPERATING, THERE ARE'ON DUTY NOT

.
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JUST THE QUALIFIED OPERATORS BUT ALSO QUALIFIED OFFICERS WHO

SUPERVISE THEM. ONE OF THE SUPERVISOR'S RESPONSIBILITIES IS TO

ASSURE FORMALITY, DISCIPLINE, AND ATTENTION. IN CIVILI AN PLANTS,

WHICH OPERATE LARGELY AT STEADY POWER C3NDITIONS AND WHERE THE

INDIVIDUALS ARE ON WATCH FOR EIGHT HOURS AT A TIME INSTEAD OF

FOUR AS IN THE NAVY, IT IS MORE DIFFICULT TO ACHIEVE THE PROPER

WATCHSTANDING PRACTICES.

MUCH TIME AND ENERGY IS REQUIRED TO ACHIEVE STRICT WATCH-

STANDING PRACTICES AND TO AVOID CONFUSION IN COMMUNICATIONS.

THIS IS ALWAYS NECESSARY, A'ND ESPECIALLY WHEN A CRISIS' ARISES.

.

1

.

.
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|
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DE GER OF PLaCIm UNDUE RE!IANCF ON

PRIOR INVOLVEMENT IN NAVAL NUG EAR PROGRAM

IT APPEARS THAT SOME IN THE CIVILIAN NUCLEAR INDUSTRY AND,
~

PERHAPS2THE NRC HAVE BEEN PLACING UNDUE RELIANCE ON THE MER5

FACT THAT A PERSON HAS BEEN INVOLVED IN THE NAVAL NUCLEAR

PROGRAM.
,

I BELIEVE THE TRAINING PROVIDED TO OPERATORS IN THE NAVAL

NUCLEAR PROGRAM IS FULLY ADEQUATE AND EQUAL TO THAT ANYWHERE.

HOWEVER, SUCCESSFULLY COMPLETING A TRAINING PROGRAM ES IN ITSELF

NOT ENOUGH TO QUALIFY ONE TO ESTABLISH OR RUN SUCH A PROGRAM.

ALSO, AS I POINTED OUT EARLIER, OPERATOR TRAINING IS ONLY ONE -

ELEMENT OF THE TOTAL PROGRAM. OTHER ESSENTIAL ELEMENTS ARE
'

STAFFING LEVELS, SUPERVISION, AUDITING AND QUALIFICATION, AND
i

REQUALIFICATION FOR THE SPECIFIC PLANT TO BE OPERATED.

FINALLY, IT MUST BE RECOGNIZED THAT UNDER PRESENT LAWS AND

REGULATIONS IT IS NOT EVEN POSSIBLE FOR A PROSPECTIVE EMPLOYER

TO DETERMINE WHETHER N INDIVIDUAL WHO WAS IN THE NAVAL NUCLEAR

PROGRAM PERFORMED SATISFACTORILY OR NOT. PRIVACY REGULATIONS

PREVENT THE NAVY FROM RELEASING SUCH INFORMATION UNLESS

SPECIFICALLY AUTHORIZED BY THE INDIVIDUAL.

THERE ARE AND HAVE BEEN MANY COMPETENT HIGHLY TRAINED

PEOPLE IN THE NAVAL NUCLEAR PROGRAM - BUT THE RESPONSIBILITY TO

EVALUATE THEIR COMPETENCE'AND PERFORMANCE WITH RESPECT TO ANY
.
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JOB IN CIVILIAN NUCLEAR POWER RESTS WITH THEIR CIVILIAN EMPLOYERS -

WHO ALSO HAVE THE RESPONSIBILITY TO PROVIDE THE NEEDED SUPPORT.

PLANT MAINTFNANCE

ANOTHER IMPORTANT ASPECT OF NUCLEAR POWER IS THE PHYSICAL

CONDITION OF THE PLANT AND~ITS HOUSEKEEPING.

NAVY EXPERIENCE OVER MANY YEARS HAS SHOWN THAT THE GENERAL

CONDITION OF ANY POWER PLANT, INCLUDING EVEN SUCH APPARENTLY

INCIDENTAL ITEMS AS TIDINESS OR HOUSEKEEPING, ARE IMPORTANT TO

RELIABILITY AND SAFETY. IHE GENERAL APPEARANCE AND CONDITION OF

A PLANT IS A GOOD INDICATOR OF THE DISCIPLINE AND COMPETENCE
'

0F THE PEOPLE WHO RUN IT. IF A HOME IS NEAT, THERE IS LESS
,

CHANCE OF AN ACCIDENT. IHE SAME CONCFPT APPLIES TO A POWER

PLANT, AND THIS ATTITUDE MUST PERVADE THE ENTIRE OPERATION.

PEOPLE WHO WORK IN A SLOPPY ENVIRONMENT ARE LIKELY TO ACT IN A
SLOPPY MANNER.

. ,

HOUSEKEEPING IN NUCLEAR POWER PLANTS POSES A PARTICULAR

PROBLEM SINCE SOME PARTS OF THE PLANT ARE INACCESSIBLE MOST OF

THE TIME. EVEN DURING THE REMAINDER OF THE TIME THEY ARE

DIFFICULT TO INSPECT BECAUSE OF RADIATION. 00NETHELESS, THOROUGH,

PERIODIC INSPECTION AND CLEANING OF THE ENTIRE PLANT AND CORRECTION

OF DEFICIENCIES ARE ESSENTIAL. IO AID IN THIS, THE DISTRIBUTION
i

0F RADI0 ACTIVITY IN THE PLANT MUST BE CONTROLLED. RADI0 ACTIVITY l

:
~

,

. I
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THAT STAYS WITHIN THE CORE CONTRIBUTES LITTLE TO THE RADIATION

RECEIVED IN WORKING AT THE PLANT. THEREFORE, THE PLANT MUST

HAVE HIGH INTEGRITY FUEL ELEMENTS TO RETAIN THE RADIOACTIVE

FISSION PRODUCTS.
$

.

MUCH OF THE RADIATION RECEIVED DURING PLANT MAINTENANCE

COMES FROM RADIOACTIVE CORROSION PRODUCTS SUCH AS COBALT. THE

AMOUNT OF THIS TYPE OF RADIOACTIVITY CAN BE MINIMIZED BY PROPER

SELECTION OF MATERIALS AND CONTROL OF COOLANT CHEMISTRY. ITS

LOCATION CAN BE CONTROLLED BY DETAILED DESIGN OF SYSTEMS AND

COMPONENTS TO ELIMINATE LOCAL SPOTS WHERE RADI0 ACTIVE MATERIAL

COULD ACCUMULATE. MOST IMPORTANT, AIRBORNE ACTIVITY AND

RADI0 ACTIVE, CONTAMINATION OUTSIDE THE PRIMARY COOLANT SYSTEM CAN

BE MINIMIZED BY ELIMINATING ROUTINE LEAKAGE OF PRIMARY COOLANT

AND BY LOCAL CONTAINMENT OF ANY TEMPORARY LEAKAGE WHICH DOES

OCCUR. -

!

IN DISCUSSING INSPECTION OF THE PLANT, I REFER PRINCIPALLY

TO' FINDING AND REPAIRING THE LITTLE THINGS - STEAM LEAKS, VALVE

PACKING LEAKS, WETTED INSULATION, RUSTING VENTS, INOPERATIVE OR

OUT OF CALIBRATION INSTRUMENTS OR COMPONENTS, ETC. ONCE A POWER

PLANT IS CONSTRUCTED, IT MUST NOT JUST BE LEFT ALONE. IT REQUIRES

CONTINUOUS, DETAILED ATTENTION. IT ALSO REQUIRES THAT COMPLETE

RECORDS BE MAINTAINED OF THE DEFICIENCIES WHICH DO OCCUR AND HOW I

THEY ARE CORRECTED.

'. |

.

20 |
|

-

.



-

;.

..

|
.

1

|

.

IO ENSURE THAT PLANTS ARE BEING KEPT IN GOOD CONDITION, I

REQUIRE THOROUGH, PERIODIC INSPECTION - INCLUDING THE REACTOR

COMPARTMENT - BY THE SENIOR OFFICERS. I ALSO HAVE SUCH

INSPECTIONS MADE BY PEOPLE FROM HEADQUARTERS. c

FACE FACTS

ANOTHER PRINCIPLE FOR SUCCESSFUL APPLICATION OF A

SOPHISTICATED TECHNOLOGY IS TO FACE FACTS. CNE MUST BE CONSCIOUS

OF AND ACTIVELY GUARD AGAINST THE HUMAN I.NCLINATION TO dQEE

THAT THINGS WILL WORK OUT DESPITE EVIDENCE OR SUSPICI5NS TO THE

CONTRARY. ONE IMPORTANT WAY TO DO THIS IS TO HOLD PEOPLE

ACCOUNTABLE FOR LONG-TERM PERFORMANCE. ONE WHO KNOWS HE WILL BE

HELD ACCOUNTABLE IF THINGS DO NOT WORK RELIABLY IS MORE LIKELY

TO RESIST SHORT-TERM OPTIMISM THAN ONE WHO KNOWS HE WILL NOT.

A MANAGER WHO IS EVALUATED ON SHORT-TERM RESULTS ALONE IS LESS

LIKELY TO FACE THE FACTS AND ACT WHEN THE CORRECTIVE ACTION IS

UNPALATABLE AND COSTLY,. I HAVE ALWAYS ACTED IN EACH JOB I HAVE

HAD AS IF l WOULD HOLD IT AND BE HELD RESPONSIBLE FOREVER - EVEN

ON JUDGEMENT DAY - AND PERHAPS SEYOND.

IF THINGS DO NOT APPEAR TO BE QUITE RIGHT, YOU MUST DIG OUT

THE FACTS AND MAKE NEEDED CHANGES DESPITE SIGNIFICANT COSTS AND

SCHEDULE DELAYS. A NUMBER OF TIMES DURING THE COURSE OF MY WORK

I HAVE MADE DECISIONS TO STOP WORK AND REDESIGN OR RE3UILD EQUIP-

MENT - NO MATTER WHAT THE' DELAY OR COST - TO PROVIDE THE
.
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REQUISITE ASSURANCE OF SATISFACTORY PERFORMANCE. ON SOME

OCCASIONS, I HAVE FOUND IT NECESSARY TO REPLACE PERSONNEL.

THE MAN IN CHARGE MUST PERSONALLY SET THE EXAMPLE IN THIS-

AREA AND REQUIRE HIS SUBORDINATES TO DO LIKEWISE. THOSE WHO

WILL NOT OR CAN NOT DO THIS MUST BE REPLACED.

POSSIBILITY OF MISTAKFS MUST PF TARFN INTO ACCOUNT

WHAT I HAVE PPESENTED UP TO THIS POINT AND THE INFORMATION

I FURNISHED TO YOU IN MY MAY 24TH STATEMENT INDICATE SOME OF

WHAT I DO IN RUNNING THE NAVAL REACTORS PROGRAM.EVEN WHEN

THESE MEASURES ARE CARRIED OUT. MISTAKES WILL BE MADE AND EQUIPMENT
WILL FAIL, BECAUSE WE ARE DEALING WITH MACHINES AND THEY CANNOT BE

MADE PERFECT. IHE HUMAN BODY IS GOD'S FINEST CREATION WE KNOW OF
AND YET IT IS NOT PERFECT - WE GET SICK. WE CANNOT EXPECT,

PHILOSOPHICALLY, THAT MACHINES WILL BE MORE NEARLY PERFECT THAN

THE HUMAN BEINGS WHO C,REATE THEM.

MUCLFAR POWFR CAM PF SAFFIY USFD

IF THE PRINCIPLES 1 HAVE OUTLINED ARE CARRIED OUT WITH

STEADFAST COMMITMENT, I BELIEVE NUCLEAR POWER CAN BE SAFELY

USED, EVEN TAKING INTO ACCOUNT MISTAKES THAT WILL INEVITABLY

IHAT IS THE BASIS ON WHICH I HAVE CONDUCTED ALL MY WORKOCCUR.

AND I BELIEVE IT JUST AS,STRONGLY TODAY AS I EVER HAVE.

.
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SOME SUGGFSTFD ACTIONS

LET ME NOW SUMMARIZE SOME SPECIFIC ACTIONS I SUGGEST BE

CONSIDERED, AND COMMENT ON SOME OTHERS WHICH I UNDERSTAND HAVE

BEEN SUGGESTED:

1. UTILITY MANAGEMENT AS THE OWNERS AND OPERATORS OF THE

PLANTS HAVE PRIME RESPONSIBILITY FOR THEIR SAFETY. THEY MUST

ACCEPT THEIR RESPONSIBILITY AND BECOME KNOWLEDGEABLE IN THE

TECHNICAL FACETS OF NUCLEAR POWER. IHE UTILITIES SHOULD UPGRADE

THEIR TECHNICAL STAFF AND GIVE THEM DIRECT AND FREQUENT ACCESS TO

TOP MANAGEMENT. THE STAFF SHOULD HAVE FULL RESPONSIBILITY FOR

SAFETY INCLUDING DESIGN AND TRAINING AS WELL AS OPERATIONAL MATTERS,
.

AND SHOULD HAVE THE AUTHORITY TO TAKE THE NECESSARY ACTIONS.

IECHNICAL DECISIONS MUST BE MADE ON A TECHNICAL BASIS. IHEY CANNOT

BE MADE BY PURCHASING AGENTS, COMPTROLLERS OR LAWYERS. I HAVE

CONTRACT AND BUDGET PEOPLE. BuT THESE PEOPLE SERVE THE TECHNICAL

GROUPS - THEY DO NOT RUN THE PROGRAM OR OVERRIDE TECHNICAL

CONS IDEitATI ONS .
,

FOR MANY YEARS [ HAVE RECOMMENDED THAT THE UTILITIES UNITE

TO ESTABLISH A SEPARATE TECHNICAL ORGANIZATION WHICH COULD
i

PROVIDE A MORE COORDINATED AND EXPERT TECHNICAL INPUT AND CONTROL )

FOR THE COMMERCIAL NUCLEAR POWER PROGRAM THAN IS PRESENTLY
,

POSSIBLE FOR EACH UTILITY WITH ITS LIMITED STAFF. THE ELECTRIC

POWER RESEARCH [NSTITUTE, EPRI, IS AN EXAMPLE OF THIS. IT

.

|
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PERFORMS RESEARCH AND DEVELOPMENT IN TECHNOLOGY ASSOCIATED WITH

NUCLEAR POWER AND OTHER FORMS OF POWER GENERATION. I UNDERSTAND

THAT A SIMILAR ARRANGEMENT IS BEING MADE IN THE AREA 0F OPERATOR

TRAINING. IHESE ARE GOOD STEPS - BUT NOT ENOUGH. IHE CENTRAL c

TECHNICAL ORGANIZATION I RECOMMEND SHOULD HAVE A CLEAR MANDATE FOR

SAFETY ASPECTS AS A PART OF ITS FUNCTION. AMONG THE THINGS SUCH

AN ORGANIZATION COULD DO ARE:

A. DEVELOP THE STANDARDS AND SPECIFICATIONS UTILITIES

SHOULD REQUIRE FOR DESIGN AND CONSTRUCTION OF THEIR PLANTS.

B. PROVIDE DIRECT, IN-DEPTH TECHNICAL ASSISTANCE TO

UTILITIES IN DESIGN, CONSTRUCTION AND OPERATIONAL QUESTIONS.

C. ESTABLISH RECOMMENDED STAFFING REQUIREMENTS FOR
'

OPERATION OF NUCLEAR PLANTS. FOR EXAMPLE, I UNDERSTAND THAT AT

TIMES THERE MAY BE ONLY A SINGLE OPERATOR WITH NO SUPERVISION

PRESENT IN THE CONTROL ROOM OF AN OPERATING PLANT. ALSO, THAT :

OPERATORS MAY BE ASSIGNED AND ACTUALLY CARRY OUT UNRELATED DUTIES

WHILE ON WATCH. IHESE ARE CONTRARY TO NAVY PRACTICE.
|

-

D. DEVELOP A COMPREHENSIVE TRAINING AND RETRAINING

PROGRAM, INCLUDING LESSON PLANS, QUALIFICATION REQUIREMENTS, ETC.

FOR UTILITIES TO USE IN TRAINING THEIR PEOPLE. IHIS MUST BE

BASED ON WHAT IS NEEDED AND NOT GEARED SOLELY TO PASCING

LICENSING EXAMINATIONS. IT SHOULD COVER ALL TYPES OF PERSONNEL,

NOT JUST OPERATORS.

t

1.

1
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E. PR0v!DE TRAINED TECHNICAL TEAMS TO PERFORM PERIODIC

AUDITS OF NUCLEAR STATIONS AND CRITICALLY EVALUATE THE PLANTS

AND QUALIFICATION AND PERFORMANCE OF PERSONNEL.

F. ADVISE UTILITIES ON TECHNICAL SAFETY QUESTIONS.

OTHER FUNCTIONS PROBABLY WOULD BECOME APPARENT IN TIME.

THE CONTRIBUTION SUCH AN ORGANIZATION COULD MAKE WOULD BE

CONSIDERABLE IF GIVEN THE PERSONNEL AND AUTHORITY TO CONCENTRATE

ON THE TECHNICAL ASPECTS, WITHOUT UNDUE CONCERN FOR ISSUES SUCH
'

AS SCHEDULES, ECONOMICS AND THE LIKE. IF THEY ARE SET UP TO

BE JUST A MOUTHPIECE FOR JUSTIFYING WHATEVER THE UTILITIES WANT

TO DO BASED ON PROFIT AND LOSS, AS IS THE CASE WITH MANY ~

INDUSTRY ORGANIZATIONS, IT WILL BE A WASTED EFFORT. ALSO, IF

UTILITIES MANAGEMENT SIMPLY TURN OVER ALL TECHNICAL MATTERS TO

THIS ORGANIZATION, IT WILL NOT WORK. UTILITIES ALSO NECD THEIR

OWN IN-HOUSE TECHNICAL COMPETENCE.

IN SETTING UP SUCH AN ORGANIZATION, CARE MUST BE TAKEN TO

GET THE FROPER PEOPLE. IT IS MORE IMPORTANT THAT THEY HAVE A

PROVEN RECORD OF ACTUAL ACCOMPLISHMENT IN A PRACTICAL, SUCCESS-

FUL APPLICATION OF TECHNOLOGY THAN THAT THEY BE " EXPERTS" OR

" SENIOR STATESMEN" WHO HAVE BECOME WELL KNOWN BECAUSE THEY HAVE

DONE A LOT OF TALKING FOR MANY YEARS ABOUT THE NUCLEAR POWER:

FIELD,
MANY " EXPERTS" HAVE A FAR BETTER REFUTATION THAN THEIR

ACTUAL ACCOMPLISHMENTS WARRANT. CONSIDERATION SHOULD 3E GIVEN TO
.

d
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WHETHER TOP PEOPLE TO BE SELECTED FOR SUCH ORGANIZATIONS FORESAW

THE PRESENT PROBLEMS AND TOOK STEPS TO HANDLE THEM IN PROGRAMS

FOR WHICH THEY WERE RESPONSIBLE BEFORE THEY ACHIEVED THE REPUTA-

TION OF " EXPERTS". IN OTHER WORDS, THEY SHOULD BE JUDGED ON

ACTIONS AND RESULTS, NOT CN VERBAL ABILITY. IHE BIBLE SAYS IN 1

Paovsans "EVEN A CHILD IS KNOWN BY HIS DOINGS.... AND WHETHER IT BE
RIGHT".

2. IHE CONCEPT OF PERSONAL RESPONSIBILITY MUST BE APPLIED.

FUNDAMENTAL TO THIS CONCEPT OF PERSONAL RESPONSIBILITY IN

NUCLEAR POWER OR ANY ENGINEERING ENDEAVOR IS UNDERSTANDING AND

PROPERLY INTERPRETING TECHNICAL FACTS IN MAKING DECISIONS.

RE'LIANCE ON " MANAGEMENT TECHNIQUES" HAS BECOME RAMPANT THROUGH-

OUT GOVERNMENi AND INDUSTRY. 30 LONG AS THE PEOPLE IN CHARGE

MAKE DECISIONS WITHOUT UNDERSTANDING THE TECHNICAL ISSUES, A LACK

OF PERSONAL RESPONSIBILITY WILL OBTAIN. HOW CAN ANYONE WHO DOES 1

NOT UNDERSTAND THE TECHNICAL ASPECTS OF WHAT HE IS DOING REALLY

BE RESPONSIBLE OR FEEL PERSONALLY RESPONSIBLE? IF YOU KNOW AN
)

AUTO MECHANIC WHO TAKE6 PERSONAL RESPONSIBILITY FOR HIS WORK,

ISN'T IT BECAUSE HE KNOWS EVERY FACET OF ENGINES AND HOW TO MAKE

THEM WORK? UNTIL THIS' BASIC FACT IS RECOGNIZED AND ACCEPTED,

WE CANNOT REALLY GET PERSONAL RESPONSIBILITY IN ANY TECHNICAL

AREA. WHILE [ AM NOT PERSONALLY FAMILIAR WITH THE SPECIFICS,

NEWSPAPER ARTICLES SUGGEST THAT CURRENT PROBLEMS WITH THE New j

YORK SUBWAYS CAME ABOUT BECAUSE NON-TECHNICAL MANAGEMENT OVER-

RULED THE ENGINE'ERS' TECHNICAL OBJECTIONS IN FAVOR OF SUPPOSED

.
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COST SAVINGS. THE COST OF REPAIRS IS REPORTED TO HAVE EXCEEDED

THE ESTIMATED SAVINGS ALREADY. WHEN THEY ARE SUBORDINATED IN

TECHNICAL MATTERS TO ACCOUNTANTS, BUSINESS MANAGERS, LAWYERS AND

BANKERS, TECHNICAL PEOPLE CANNOT BE EXPECTED TO EXERCISE PERSONAL '

RESPONSIBILITY.

3. THERE SHOULD BE A GOVERNMENT REPRESENTATIVE IN THE

CONTROL ROOM A'T ALL TIMES WITH THE AUTHORITY TO SHUT THE PLANT

DOWN IF HE BELIEVES THIS TO BE NECESSARY FOR SAFETY. I HAVE I

ADVOCATED THIS FOR YEARS. IT PROVIDES AN INDEPENDENT MONITOR

WHOSE SOLE CONCERN IS SAFETY.

4. ALL ACTIVITIES INVOLVED IN NUCLEAR POWER - UTILITIES,
'

REACTOR VENDORS, MANUFACTURERS, AND REGULATORY AGENCIES MUST

ESTABLISH AND RETAIN AS PERMANENT A STAFF AS POSSIBLE, SO LONG

AS THEY PERFORM WELL. IHIS IS ESSENTIAL IN THE NUCLEAR BUSINESS

WHERE IT TAKES OVER TEM YEARS FROM THE TIME A PLANT IS ORDERED

UNTIL IT STARTS OPERATING - AND WHERE THE PLANT IS THEN EXPECTED

TO OPERATE SAFELN FOR ITS LIFE OF 30 TO 40 YEARS. WITH PERMANENCE

YOU GAIN EXPERIENCE, JUDGEMENT, AND A " CORPORATE MEMORY" WHICH

ARE HARD TO REPLACE.

HOWEVER, YOU CANNOT PREDICATE YOUR PROGRAM ON THE BASIS THAT

PEOPLE WILL NEVER LEAVE, BECAUSE THEY DO. NO ONE IS INDISPENSABLI.

NOR SHOULD ANY TECHNICAL EFFORT BE PREDICATED ON ANY INDIVIDUAL
1

| BEING INDISPENSABLE. IHAT IS WHY THERE MUST BE FORMAL DOCUMENTA-
|

|

.
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TION AND WHY THOROUGH TRAINING AND AUDITING PROGRAMS ARE

NECESSARY - SO THAT '!EW PEOPLE CAN BE BROUGHT IN WITHOUT COM-

PROMISING SAFETY. 10 RETAIN PEOPLE, THEY MUST BE PAID ADEQUATELY.

MORE IMPORTANT,'TO ATTRACT AND RETAIN GOOD TECHNICAL PEOPLE, <

THEY MUST BE idAINED AND GIVEN AUTHORITY AND RESPONSIBILITY,

NOTHING CAUSES TECHNICAL PEOPLE TO LEAVE MORE QUICKLY THAN NOT

BEING ABLE TO DO THEIR TECHNICAL JOBS PROPERLY. UNTIL ADEQUATE

RECOGNITION IS GIVEN TO TECHNICAL COMPETENCE, THE TURNOVER OF

PEOPLE NEEDED FOR NUCLEAR POWER WILL BE GREATER THAN WARRANTED.
i

I

5. PLANT DESIGNS, EQUIFHENT, CONTROL ROOMS, TRAINING,

ETC. SHOULD BE STANDARDIZED INSOFAR AS PRACTICABLE. I DO NOT |
'

t

KN0b HOW FAR IT IS POSSIBLE TO STANDARDIZE CONTROL ROOMS, INSTRU- )
!

MENTATION AND OTHER FEATURES OF EXISTING PLANT DESIGNS SINCE THE
J

PLANTS THEMSELVES ARE NOT STANDARD. CERTAINLY IT SHOULD

BE POSSIBLE TO STANDARDIZE TYPES, COLORS AND SIGNIFICANCE OF

A LARMS, SWITCHES, ETC. ON NEW PLANTS, MUCH MORE STANDARDIZA-
!

TION IN ALL ASPECTS INCLUDING REACTOR RATING SEEM PRACTICABLE.

TO THE EXTENT IT IS PRACTICABLE TO STANDARDIZE, TWO

DISTINCT BENEFITS WOULD RESULT. THE FIRST IS THA.T A LARGER

NUMBER OF ENGINEERING MAN HOURS COULD BE APPLIED TO THE STANDARD

DESIGNS THAN TO EACH OF MANY DIFFERENT DESIGMS. IHIS SHOULD

RESULT IN BETTER DESIGNS. THE QUALIFICATICN,. TEST PROGRAM,

DEVELOPMENT OF OPERATING PROCEDURES, OPERATIONAL MANUALS, TEST

,
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PROCEDURES, AND CALIBRATION PROCEDURES SHOULD ALSO BENEFIT

FROM THE INCREASED ATTENTION. FURTHER, WITH A LARGER NUMBER

OF IDENTICAL OPERATING SYSTEMS, OPERATIONAL EXPERIENCE

WILL PROVIDE A VALUABLE SOURCE OF INFORMATION THAT CAN BE USED

TO IMPROVE THE DESIGN AND PROCEDURES AND ESTABLISH A MORE

EFFECTIVE PREVENTIVE MAINTENANCE PROGRAM FOR ALL PLANTS.

THE SECOND BENEFIT OF STANDARDIZATION RELATES TO THE

TRAINING OF OPERATING AND INSPECTION PERSONNEL. IHE USE OF ;

STANDARD DESIGNS WOULD MAKE IT POSSIBLE TO TRAIN OPERATING |

PERSONNEL MORE EFFECTIVELY AND TO CONDUCT MORE EFFECTIVE AUDITS.

IN ADVOCATING MORE STANDARDIZATION I AM EQI SAYING THAT!
!

THERE SHOULD BE ONE SINGLE DESIGN. I HAVE STANDARDIZED IN MY {
PROGRAM AS FAR AS PRACTICABLE. EVEN THEN WE HAVE A NUMBER OF

DESIGNS TO SUIT THE DIFFERENT POWER RATINGS AND SHIP TYPES AND

TO TAKE ADVANTAGE OF NEW DEVELOPMENTS AND TECHNOLOGY WHICH HAVE

BECOME AVAI LABLE.

l
~

6. fIINIMIZE RELIANCE ON AUTOMATION AND COMPUTER CONTROL.
I RECOGNIZE THAT THIS RUNS COUNTER TO THE BELIEF OF SOME, BUT

MY EXPERIENCE IS THAT PRIMARY RELIANCE FOR SAFELY OPERATING A

NUCLEAR POWER PLANT MUST BE PLACED ON THE OPERATOR. I AM NOT

AGAINST COMPUTERS) THEY ARE IMPORTANT. FROM THE EARLIEST DAYS

OF THE ilAVAL REACTORS PROGRAM, THE MOST ADVNACED COMPUTERS HAVE
'

BEEN USED IN THE DESIGN AND ANALYSIS OF OUR PLANTS. BUT IN MY |

.
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CONSIDERED OPINION, UNDUE RELIANCE ON AUTOMATION AND COMPUTERS

FOR CONTROL CAN IMPAIR SAFETY.

THERE ARE SEVERAL REASC..S FOR THIS: FIRST, FOR A COMPUTER

TO OPERATE PROPERLY IT MUST BE PROGRAMMED PROPERLY. PROGRAMMING

IS A PRE-ESTABLISHED SET OF INSTRUCTIONS. FOR A COMPUTER TO BE

EFFECTIVE UNDER EMERGENCY CONDITIONS REQUIRES THAT THE CASUALTY

AND THE SEQU$NCE OF INFORMATION EXPECTED FROM THE COMPUTER HAVE

BEEN DEFINED IN ADVANCE. MOST MAJOR PROBLEMS RESULT FROM

UNEXPECTED EVENTS WHICH CHANGED A PREDICTED EVENT INTO AN EVENT

OR SEQUENCE OF EVENTS NOT COVERED BY PREVIOUS EXPERIENCE.

IF IT IS POSSIBLE TO PREDICT COMPLICATED CASUALTIES IN -

ADVANCE, IT IS BETTER TO TAKE ACTION TO CORRECT THE DESIGN TO

PREVENT OR MODERATE THE CASUALTIES THAN TO ADD ADDITIONAL EQUIP-

MENT SUCH AS COMPUTERS TO TRY TO CONTROL THEM.

THE EMPHASIS SHOULD BE NOT ON MORE COMPLICATED AND

SOPHISTICATED CONTROL. BUT ON DESIGNING AND BUILDING A SIMPLE,,

STABLE PLANT. AN INHERENTLY STABLE REACTOR MAKES FEWER DEMANDS

ON THE CONTROL SYSTEM AND THE OPERATORS. IHEREFORE, IT RESULTS

IN A SIMPLER MORE RELIABLE PLANT - ONE WITH A LARGE DEGREE OF

" FORGIVENESS" BUILT INTO IT. WITH SUCH A REACTOR, IT IS POSSIBLE

FOR AN OPERATOR TO DEVELOP A FEELING FOR PLANT PERFORMANCE AND

BEHAVIOR. HE CAN THEN RECOGNIZE ABNORMAL BEHAVIOR AND HAVE

TIME TO INITIATE CORRECTI,VE ACTION.

.
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SECOND, FOR CASUALTIES WHICH DO OCCUR, THE OPERATOR MUST

HAVE AVAILABLE, IN A MANNER HE CAN UNDERSTAND, INFORMATION

RELATING TO THE ESSENTI AL PLANT PARAMETERS. PLACING A COMPUTER

BETWEEN THE OPERATOR AND THE REACTOR PLANT IS EQUIVALENT TO

PLACING A FILTER BETWEEN THE OPERATOR AND THE CASUALTY. THIS

FILTER CAN PREVENT THE OPERATOR FROM HAVING ESSENTI AL INFORMA-

TION AVAILABLE.

THIRD. ANY COMPUTERS USED CONSTITUTE ADDITIONAL SOURCES OF

ERROR OR MALFUNCTIONS WHICH CAN MISLEAD THE OPERATOR RELYING

ON THEM. THIS IS PARTICULARLY TRUE IN AN EMERGENCY WHEN THE
.

TIME TO TAKE CORRECTIVE MEASURES IS AT A MINIMUM.
.

FINALIY, THE VERY EXISTENCE OF THE COMPUTER OR AUTOMATIC

CONTROL LEADS THE OPERATOR AND OTHERS INVOLVED IN OPERATION,

DESIGN, AND TRAINING TO RELY ON THE " MAGIC" IT PROVIDES. IHIS

DIVERTS NEEDED ATTENTION FROM OTHER AREAS.

IN THE FINAL ANALYSIS, WE MUST DEPEND ON HUMAN BEINGS.

NO MACHINE, INCLUDING A COMPUTER, CAN BE MORE PERFECT THAN THE

HUMAN BEINGS WHO DESIGNED IT, USE IT, OR RELY ON IT.

7. SIMPLIFY AND RFnUCE THE Sf7: OF CONTOOL ROOMS. EVEN

RECOGNIZING THE DIFFERING REQUIREMENTS FOR NAVAL AND CIVILIAN

NUCLEAR POWER PLANTS THERE ARE SEVERAL. THINGS I HAVE READ ABOUT

THE CONTROL ROOM AT IHREE' MILE ISLAND WHICH WERE A SURPRISE TO

ME. I UNDERSTAND THAT MdST IF NOT ALL OF THEM WERE IDENTIFIED

IN AN ELECTRIC POWER RESEARCH' INSTITUTE RE? ORT OF NOVEMBER 1976

,
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TITLED " HUMAN FACTORS REVIEW OF NUCLEAR POWER PLANT CONTROL

ROOM DESIGN". THE REPORT IDENTIFIED SUCH PROBLEMS AS PHYSICAL

SIZE OF THE CONTROL PANELS, NUMBER OF GAUGES AND ALARMS, ARRANGE-

MENT AND MARKING OF ALARMS, GAUGES AND CONTROLS. IT WOULD BE '

WORTHWHILE TO LEARN WHAT ACTION WAS TAKEN AS A RESULT OF THAT

REPORT. IN THE NAVAL REACTORS PROGRAM, WE MINIMIZE THE NUMBER

AND TYPES 0F INSTRUMENTS AND ALARMS NEE')ED. IHIS RESULTS IN
,

MUCH SMALLER CONTROL ROOMS.
.

8. DO NOT DIVIDE RESPONSIBILITY. FOR EXAMPLE, IT HAS

BEEN SUGGESTED THAT AN AGENCY OTHER THAN THE PLANT OWNER EMPLOY

THE OPERATORS OR THAT AN AGENCY OTHER THAN THE NUCLEAR REGULATORY

COMMISSION (NRC) BE RESPONSIBLE FOR REGULATING OPERATOR TRAIN-

ING. I DO NOT SUPPORT EITHER OF.THESE PROPOSALS. CONTROL ROOM

OPERATORS SHOULD BE EMPLOYED BY THOSE WHO OWN AND OPERATE THE

PLANTS. RESPONSIBILITY FOR SELECTING AND TRAINING OPERATORS

SHOULD NOT BE SEPARATED FROM RESPONSIBILITY FOR DESIGN,

MAINTENANCE, AND OPERATION OF THE PLANT. WITHIN THE EXISTING

FRAMEWORK IT SEEMS APPROPRIATE TO ME THAT THE NUCLEAR REGULATORY

COMMISSION ESTABLISH THE NECESSARY REQUIREMENTS FOR PERSONNEL

QUALIFICATION AND TRAINING. IT IS THEN UP TO THE UTILITIES TO

PROVIDE ADEGUATE TRAINING - SUBJECT TO NRC OVERSIGHT.

9. IT HAS BEEN SUGGESTED THAT ALL INSTRUMENTATION FOR,

NUCLEAR POWER PLANTS BE R'EQUIRED TO 3E " DIRECT READING" AND
.
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THAT ALL MONITORING SYSTEMS INDICATE WHETHER A CONTROL FUNCTION

ACTUALLY HAS BEEN PERFORMED - RATHER THAN WHETHER THE CONTROL

SIGNAL HAS BEEN GIVEN. I DO NOT AGREE WITH SUCH GENERALIZED

REQUIREMENTS ON SPECIFIC DESIGN FEATURES. ~

.

[NSTRUMENTATION USED FOR REACTOR PLANTS MUST BE RELIABLE

AND READILY MAINTAINED AND CALIBRATED. $0METIMES", S0-CALLED

" DIRECT READING" INSTRUMENTATION CANNOT PROVIDE THE ABOVE

FEATURES. ALSO, 50-CALLED " DIRECT READING" INSTRUMENTATION CAN

BE AS SUBJECT TO MISUNDERSTANDING OR FAILURE AS CAN ANY OTHER

INSTRUMENTATION. FOR EXAMPLE, REACTOR FLOW CAN BE MEASURED

"DIRECTLY" BY A FLOW METER - A METER WHICH, IN ACTUALITY,
,

MEASURES NOT FLOW BUT PRESSURE DROP ACROSS A SECTION OF PIPE -

OR IT CAN BE INFERRED BY MEASUREMENTS OF TEMPERATURE, PUMPING

POWER, OR PUMP SPEED. MEASURING THE FLOW DIRECTLY IS NOT

NECESSARY TO ASSURE SAFE OPERATION OF THE REACTOR AND REQUIRES

ADDITIONAL COMPLICATING EQUIPMENT AND INSTRUMENTS.

SIMILARLY, IT IS DESIRABLE IN MANY CASES THAT MON,lTORING

SYSTEMS INDICATE THAT A CONTROL FUNCTION HAS BEEN PERFORMED

RATHER THAN THAT THE COMMAND SIGNAL HAS BEEN SENT TO THE DEVICE

IN QUESTION. HOWEVER, IN SOME CASES, IT IS IMPRACTICABLE TO

PROVIDE THIS INDICATION. FOR THOSE CASES, OPERATING PERSONNEL

SHOULD BE TRAINED TO LOOK FOR OTHER INDICATIONS WHICH SHOW WHETHER

THE CONTROL FUNCTION HAS OCCURRED.
/
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AGAIN, IT IS POSSIBLE'TO PROVIDE TOO MUCH INSTRUMENTATIONJ
'

THIS WILL CONFUSE THE OPERATORS OR, IF THE INSTRUMENTATION IS NOT

RELIABLE, OPERATING PERSONNEL WILL DISTRUST IT AND NOT BELIEVE ITS

INDICATIONS WHEN THEY SHOULD.
<

WHAT INSTRUMENTS ARE REQUIRED TO ASSURE SAFE OPERATION OF THE
'

REACTOR MUST BE DETERMINED FOR EACH SPECIFIC REACTOR AND PLANT
'

DESIGN.

10. THE UTILITIES MUST PLAY THE MAJOR ROLE IN ACHIEVING EFFECTIVE

USE OF IMPROVED SPECIFICATION CODES AND STANDARDS. I KNOW THERE ARE

SPECIFICATION AND STANDARDS PROGRAMS UNDERWAY FOR COMMERCIAL NUCLEAR

POWER. THERE ARE THREE THOUGHTS I WOULD LIKE TO GIVE YOU RELATIVE

TO SUCH PROGRAMS:

FIRST. THERE IS NO USE HAVING SPECIFICATIONS, CODES OR STANDARDS

IF THEY ARE NOT INVOKED AND ENFORCED. IN FACT, IF THEY ARE NOT

ENFORCED, THEY ARE HARMFUL SECAUSE THEIR EXISTENCE IS CONSOLING TO

THOSE IN AUTHORITY AND GIVES THEM UNWARRANTED ASSURANCE. THERE

MUST BE AN EFFECTIVE WAY TO SEE THAT THE PROPER REQUIREMENTS ARE

IN FACT INVOKED AND ENFORCED, AND THAT THERE IS PROPER TECHNICAL

CONTROL OVER ANY WAIVER. IN THIS REGARD, THE CUSTOMER - THE

UTILITY - MUST TAKE THE LEAD.

SFCOND, SPECIFICATIONS MUST BE KEPT UP-TO-DATE. KNOWLEDGE AND

TECHNOLOGY ARE INCREASING RAPIDLY. WE REVISE OUR SPECIFICATION

CODES AND STANDARDS PROMPTLY IN RESPONSE TO SPECIFIC PROBLEMS OR

NEW INFORMATION. WE ALSO REVIEW EVERY SPECIFICATION EVERY YEAR AND
,

WE FIND IT NECESSARY TO CHANGE ABOUT ONE THIRD OF THEM EACH YEAR.

..
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IHIRD, MOST IF NOT ALL INDUSTRY CODES AND STANDARDS

REPRESENT A " CONSENSUS". IN PRACTICE, THE SUPPLIERS, NOT THE

CUSTOMERS, DOMINATE DEVELOPMENT OF THESE STANDARDS. IHAT MAY BE

PROPER FOR CLOTHES PINS AND LIGHT BUL3S BUT NOT FOR NUCLEAR _

POWER PLANTS. AS THE PERSON RESPONSIBLE FOR NAVY PLANTS, I

HAVE HAD TO ESTABLISH REQUIREMENTS ON MATERIAL AND EQUIPMENT

WHICH OUR SUPPLIERS WOULD NOT AGREE TO MEET. INITIALLY, IHAb

TO TAKE THE RISK OF PAYING FOR AN ITEM sND THEN NOT USING IT

BECAUSE IT DID NOT MEET WHAT WAS REQUIRED. LATER, WHEN THE

SUPPLIERS HAD SEEN THAT THE REQUIREMENTS COULD BE MET, THEY

WOULD ACCEPT THEM. HOWEVER, IF I HAD WAITED.FOR " CONSENSUS" ON
!

THE REQUIREMENTS OR RELIED ON EXISTING OR PROPOSED INDUSTRY |-

STANDARDS TO ASSURE ADEQUACY, I WOULD NEVER HAVE OBTAINED THE
:

NEEDED IMPROVEMENTS,

NAVY SPECIFICATIONS AND MANUALS ARE NOT DIRECTLY APPLICABLE

TO COMMERCIAL NUCLEAR POWER BECAUSE OF SPECIAL MILITARY REQUIRE-

MENTS. HOWEVER, THE PRINCIPLE THAT THE CUSTOMER MUST BE TECHNICALLY '

KNOWLEDGEABLE AND BASE HIS SPECIFICATIONS ON WHAT IS NEEDED

DOES APPLY. ~

11. DO NOT SUCCUMB TO CALLS FOR MORE RESEARCH AND DEVELOP-

MENT AS A RESPONSE TO THE IHREE MILE ISLAND INCIDENT. IHERE ARE

ALWAYS CONTRACTORS SEEKING LARGE SUMS OF FEDERAL MONEY TO SPEND ON

INTERESTING RESEARCH. 3Y SUPPORTING THAT IDEA WE CAN GIVE LIP

SERVICE TO THE PROBLEM AN'D PROMISE THAT BY OFFERING UP MONEY TODAY,
.
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A SOLUT!ON WILL BE FOUND BY SOME R&D ORGANIZATION IN THE FUTURE.

BUT IN MY OPINION, SUCH ACTION WILL ONLY 03SCURE THE REAL PROBLEMS

AND DELAY THEIR SOLUTION.

SOME SPECIFIC AREAS MAY WARRANT RESEARCH AND DEVELOPMENT BUT

THAT IS A MINOR PART OF WHAT IS NEEDED. IF ANYTHING, THERE HAS

BEEN TOO MUCH EMPHASIS ON RESEARCH AND DEVELOPMENT IN NUCLEAR

POWER AND NOT ENOUGH ON THE DAILY DRUDGERY OF SEEING THAT EVERY

ASPECT OF NUCLEAR POWER IS IN FACT BEING PROPERLY HANDLED EVERY

DAY BY EACH OF THE ORGANIZATIONS INVOLVED. IHA T IS WHERE THE

EMPHASIS IS NEEDED.
,

ALL HUMAN ACTS INVOLVE RISKS
.

!

I WOULD LIKE TO MAKE A PHILOSOPHIC POINT WMICH SHOULD BE

UNDERSTOOD.

NOTHING THAT WE DO IS WITHOUT RISK. FOR EXAMPLE, WE
'

ACCEPT THE INEVITABILITY OF AUTOMOBILE ACCIDENTS. SINCE THE

IHREE MILE ISLAND ACCIDENT, WE HAVE SEEN THE CRASH OF A DC-10,

FAILURES IN UEW YORK SUSWAYS, RELEASE OF T0XIC MATERIAL FROM
,

TRAIN ACCIDENTS, AND MANY OTHER RESULTS OF MAN'S ACTIONS. SEVERAL

OF THESE INCIDENTS RESULTED IN LOSS OF HUMAN LIFE. SOME HAVE

INVOLVED EVACUATION OF ADJACENT AREAS.

t
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EVEN SUCH WIDELY HERALDED CCNSIDERATIONS AS THE LONG LIFE

OF NUCLEAR WASTES AND THE POSSIBILITY OF GENETIC EFFECTS IN FUTURE

GENERATIONS ARE NOT UNIQUE TO NUCLEAR POWER. THERE IS INCREASING

RECOGNITION THAT FOSSIL FUELS MAY CAUSE A PERMANENT ADVERSE CHANGE

IN OUR CLIMATE DUE TO THE PRODUCTION OF CARBON DIOXIDE - THE

" GREENHOUSE" EFFECT. THE APPARENT " LIFETIME" OF CARBON DIOXIDE

IS LONG IN TERMS OF QUR OWN LIFE SPAN AND THE QUANTITIES INVOLVED

ARE FAR GREATER THAN THE QUANTITY OF RADI0 ACTIVE WASTE. IO MY

KNOWLEDGE, THERE IS NO EFFORT UNDERWAY EVEN TO ATTEMPT TO ISOLATE

SUCH WASTES FROM THE ENVIRONMENT.

ALSO, I UNDERSTAND, MANY OF THE CHEMICAL SUBSTANCES WIDELY

USED TODAY HAVE POTENTIAL GENETIC EFFECTS WITH IMPLICATIONS FOR -

FUTURE GENERATIONS.

NUCLEAR POWER INVOLVES POTENTIAL RISKS TO LARGE NUMBERS OF

PEOPLE. IT WOULD BE WRONG TO IGNORE THOSE RISKS OR TO IMPLY

THAT THEY CAN BE REDUCED TO ZERO. YOU CANNOT MORALIZE TECHNOLOGY.

YOU CAN ALWAYS PIND WHERE HUMAN BEINGS HAVE ERRED. HOWEVER, THE

CARE AND ATTENTION WHICH HAVE BEEN DEVOTED TO MINIMIZING THE

RISKS OF NUCLEAR POWER HAVE BEEN GREAT. THE REAL QUESTIONS ARE -

WHAT MORE CAN AND SHOULD BE DONE TO REDUCE THE RISKS?

HOW CAN WE ASSURE THE NEEDED ACTIONS ARE IN FACT CARRIED OUT?

ARE THE REMAINING RISKS WORTH THE BENEFITS?

4
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DECISION Of! NilCIFAR P0tF3

fluCLEAR POWER IS DIFFICULT TO DEAL WITH. IT INVOLVES

ENERGY - A VITAL ELEMENT IN OUR LIFE TODAY. IT INVOLVES

INDIVIDUALS' CONCERNS FOR THEMSELVES AND THEIR FAMILIES, AND IT
C

IS A HIGHLY TECHNICAL, SOPHISTICATED TECHNOLOGY. ULTIMATELY,

THE DECISION AS TO WHETHER WE WILL HAVE NUCLEAR POWER IS A

POLITICAL ONE - IN THE TRUE SENSE OF THE WORD 'THAT IS, ONE

MADE BY THE PEOPLE THROUGH THEIR ELECTED REPRESENTATIVES. IT IS
ESSENTIAL THAT THE DECISION BE MADE ON THE BASIS OF FACT, NOT

RHETORIC, NOR CONJECTURE OR* HOPE, OR AS A RESULT OF THE WIDE-

SPREAD TENDENCY TO SENSATIONALIZE THE CURRENT TOPIC A D IGNORE
'

THE TRUE LIMITS OR RISKS OF THE ALTERNATIVES.

I AM NOT AN EXPERT OR SPECIFICALLY KNOWLEDGEABLE ABOUT

ENVIRONMENTAL EFFECTS OF OTHER FORMS OF POWER GENERATION.
1

HOWEVER, [ AM AWARE THAT KNOWLEDGEABLE PEOPLE HAVE CONCLUDED

THAT THE TOTAL RISK INVOLVED IN THE USE OF NUCLEAR POWER IS NO

GREATER THAN THAT OF ANY ALTERNATE SOURCE WHICH CAN BE TAPPED

1 IN THE NEXT FEW DECADES.

I REMEMBER THE OPTIMISTIC PROJECTIONS MADE FOR NUCLEAR

POWER WHEN IT WAS FIRST BEING DEVELOPED. IHESE SPRANG FROM HOPE |

AND FROM IGNORANCE OF THE ENGINEERING FROBLEMS THAT WOULD BE

ENCOUNTERED IN USING NUCLEAR POWER. THERE IS NO REASON TO

| BELIEVE THAT CURRENT OPTI,MISTIC PROJECTIONS FOR ALTERNATE MEANS

OF PROVIDING LARGE AMOUNTS OF, ?OWER - ARE MORE PRECISE. IODAY, MANY

!
|
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ARE TALKING OF THE EXTENSIVE USE OF COAL WITHOUT ADDRESSING

THE PROBLEMS OF MINING, TRANSPORTATION, AND SAFETYJ THOSE WHO

ENVISION SOLAR AND OTHER S0-CALLED " NATURAL" SOURCES OF ENERGY

WITHOUT CONSIDERING THEIR INHERENT LIMITATIONS AND THE DEMANDS

THEY MAKE ON OTHER RESOURCES; THOSE WHO ADVOCATE EXPLOITATION

OF SHALE OIL DEPOSITS WITHOUT MENTIONING THE VAST A' MOUNTS OF

WATER REQUIRED, ANY LARGE-SCALE GENERATION OF POWER INVOLVES

MAJOR ENGINEERING DIFFICULTIES AND POTENTIAL ENVIRONMENTAL

IMPACTS. UUCLEAR POWER IS NOT UNIQUE IN THIS RESPECT.

YOUR JOB IS NOT EASY.- I HOPE YOU WILL FIND THE WISDOM

TO MAKE THE RIGHT JUDGEMENTS AND RECOMMENDATIONS. I ALSO HOPE -

THAT MY COMMENTS WILL CONTRIBUTE TO YOUR DELIBERATIONS.

IN CLOSING, I WANT TO POINT OUT THE DEBT I OWE TO THE MANY,

MANY PEOPLE WHO HAVE SUPPORTED ME AND THE NAVAL NUCLEAR PROGRAM

OVER THE YEARS. WITHOUT THE SUPPORT OF CONGRESS, PARTICULARLY

THE JOINT COMMITTEE ON ATOMIC ENERGY, THERE WOULD NOT BE A

NUCLEAR UAVY AS WE KNOW IT TODAY. .

SIMILARLY, I HAVE BFEN GIVEN STRONG SUPPORT BY THE DEPART-

MENT OF ENERGY AND ITS PREDECES.".OR AGENCIES, THE ENERGY RESEARCH

AND DEVELOPMENT ADMINISTRATION AND THE ATOMIC ENERGY COMMISSION.

OF THOSE IN THE DEPARTMENT OF ENERGY, I SHOULD MENTION

PARTICULARLY DR. SCHLESINGER, DR. DEUTCH, MR. MYERS AND MR.

.
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}/ FERGUS0ft WHOSE SUPPORT HAS BEEN AtlD CONTINUES TO BE INVALUABLE.

!I

THE DIRECT ROLE OF THE DEPARTMENT OF ENERGY IN THE NAVAL

REACTORS PROGRAM HAS BEEN AND WILL CONTINUE TO BE ESSENTIAL IF ..

WE ARE TO MAINTAIN THE SAFETY AND THE ENVIRONMENTAL ACCEPTABILITY
t

OF THE NAVAL NUCLEAR PROGRAM. !
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