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PUBLIC NOTICE BY THE

UNITED STATE NUCLEAR REGULATORY COMMISSION'S

ADVISORY COMMITTEE ON' REACTOR SAFEGUARDS

DATE2 February _13, 1992

O
'

I
,

The contents of this transcript of the proceedings of
,

- the United- States N.'aclear _ Regulatory Commission's Advisory

Committee on Reactor Safeguards, (date) v n s r u _, r ,. i,. 399, ,

as Reported.herein, are a record of the discussions recorded at
:

the meeting held on the above date.

This transcript has not-been reviewed, corrected or

!- edited, and it may contain inaccuracies.

|

;

O
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1 P R O C 1: 1: D 1 11 G S

2 [8:30 a.m.)

3 liR . SilEWl40!11 The meetine wi11 now come to o r<lo r .

4 Thin in a joint meet ing of the Advisory Committee on Reactor

S Saraguards Subcommittee on flaterialn and lietallurgy and

6 fiaintenance Practicon and Proceduren.

7 1 am Paul Shewmon, Subcommittee Chairman for

3 lia t e r i a l n and lie t a i l u r g y . Jay Carroll in Subcommittee

9 Chairman f or 14aintenarce Practicen and Proceduren, and he

10 didn't make it in from California. I guenn 1 get to Chair

11 it alone. ACRS membern in attendance are Dave Ward, Charlle

12 Wylje, Carlyle 141chelson, and Tom Krenn in nomeplace and

13 Will appear noon.

14 The purpose of thin meeting in to discunn the AS til:

15 rink-baned innpection guidelinen. li r . Elpidio Igne, on my

16 right, in the Cognizant ACRS ntaff member for thin maeting.

17 The rulen for participation in tcday'u meeting have been

13 announced an part of the notice of thin meeting, previounly

19 published in the Federal Reginter on January 29, 1992. A

20 transcript of the necting in being kept and will be made

21 available au ntated in the Federal Reginter 110tice.

22 It in requented that each opeaker tirnt identify

23 himnel or herseli, and speak with auffleient clarity and

24 volume that he or nho can be readily heard. The meeting in

25 being recorded. We have received no written commento or

__ -_ _____ ---_-__-__-_ __-_- -_ __ _ _ __ - - - _ _ - _ __ _ __ _
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1 requents to make oral st at ements tron menimi n of the public.

2 1 don't ); n o w that I have any openinq remarko to

3 make, no we wi.'1 proceed. I wi11 ea11 on llob lio n n a L to

4 introduce things.

5 Mit . 13 M11 A); : Good norning. I an very pleaned that

6 you anked our team t o be prenent to explain exactly what we

7 nean by our project on rink-baned inr.pection quidelinen. In

8 cifect, 1 am wearing two hatu thin norning. I am going to

9 be representing Itay Art who in an employee of ASM):, the

10 Center for Itenearch and Technology Development. Alno, I am

11 the Deputy Director of the Divinion of 1:nq i n e e r i ng in the

12 Office of ite n e a r c h . We are the divinion that in uponnoring

13 the renearch that in going on, and we will get int o the

14 details of that pa rt icul a r project.

15 {S1iden )
16 Mit . ItO S!1 A1:: l' i r n t of all, 11 Itay were here he

17 could do a much better job than 1 with reupect to the Center

18 for Itenearch and Technology Developmei.t. An you :ee here

19 from the logo, it in a bringing together of i lulu n t r y ,

20 academia and government. What the Center nan tried to do

21 since its inception, which was approximately 1985, wan to

22 acquire the renourcen that are available and particularly

23 withj.n thin area. That'n another reanon why the Center in

24 located in Wanhington rather than in New York, where a lot

25 of the activities of the nociety take place,

_ _ _ - _ _ _ - _ _ _ _ _ _ _ _
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1 They have gotten together people from the 11ational
!

2 Science l'o u n d a t i on . from the lluclear Regulatory Commjanion, |
t

3 Department of I'n e rg y , Department of Trannportation and |
!

4 academia. Of courne, the people that are interested in |
!

5 getting the renulta are often timon induntrial farms. |
|

the projecto j6 AS MI: 's functionn, and they nerve --

7 tha; the Contor han taken on have done a lot and also in the

8 procens have a poor review taking place. Thin han become
t

9 very important, particularly in nome of the projects that we j
t

30 havo worked on and othorn as well. The laut thing that 1

11 think Ray wanted to show you in the organization that tho |

12 Conter han. |
!

13 The Board of Research and Technology Development
,

t

i 14 is here. This la the group that overseos the operatio.1 of [

; 15 the Contor.- Currently, the Vice President of Research in j
r

;

16 Ward Wiener from Georgia Tech. They have neveral technical -

>,

17 divisions and groups and, of courno, as they have i
1

' 18 highlighted here the main area that we are talking about in i
;.
t

19 the Coden and Standards Research Planning Committoo. This

j 20 particular group takes direction from the Council codes and

'21 atandards which in up here, and the lioard on Roncarch which

"22 reportu to the Council on 1:ngineering.

23 They'are the two major Council's within ASMI: for !
l I

i
- -

24 performing ongincoring of standards and engineering research ;

!

25 work, ;

!

I
;

,

.
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1 Mit . fil Clll:!S,0!J : 1.xcune me, liob . Perhaps you

2 mentioned it and I minned it, but where in thin Cent er
,

l

3 located? )
i

4 Ml( . 110 S !1 A K : The Center in located on 1 Street, |

S 1828 L Street, Wanhington, D.C.

6 MR. M I Clli: LH O!J : It's headquartered here, in

7 Wauhingt on?

8 Mit . !!O S !J A K : Yen. That wan the point that 1 tried

9 to make earlier. They are not in IJew York, icy are he:e.

10 finybe hay doenn't want to nay it, but thin in a nource of

11 research particular1y the 11a t l o n a 1 Science l'ou nda t l on . TI y

12 have gotten a lot of w o r '( with that organi.atjon.

13 Mit . M I Clll:LD O!J : Cc'uld you tell ne roughly how many

14 people are involved loca ly in that?

15 MR. IlO S !J A K : A the Center the technical ntaf!
,y

16 area there are about 1ive people.

17 MR. M I Clli:1.S O!J : Mont of thin in people the--

18 Center really functionn with people cominq !n from indunt ry

19 and einewhere and leaving aga.in.

20 MR. !$0S!J Al' : Yes.

21 [S1iden.)
22 MR. BO S!J A K : With renpect to p t. ' t i ng on my other

with respect to what the 11RC han been doinq in23 hat, thin io

24 trying to organi?e thin particular project. A: you nee here

25 for the first hullet, there are many complex niructure, -- 1

--
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4

| 1 am not just speaking of nuclear power plants -- that cont
|

! 2 billions of dollars. They are very difficult to inspect.
I
'

3 In fact, some of them when they were built, woro practically
1

j 4 un-inopoetable. So, as those thinga ago and you nood to

! 5 assons-what is going on with respect to the overall plant,

6 and we are not just talking about a nection of piping. Wo

7 are talking abou+., again, a c ornpl o X plant with nyatoms, ;

8 componentn and now bout to go about it. |
l

| 9- As y su know currently, thoro in only one section |
,

j -10 of the ASliE Doller and Pronnuro Vennel Code at least, that

I 11 deals'with innervice inal ection. That in Section XI. ;

12 Section XI 10 based on Section III. Section III han flvo

13 classifications for conntruction. Two of the tive are ,

r

14 really the same an -- lot no tell you exactly what they are.
!

! -15 They are Clann 1, Claso 2, Clann 3, Clann lic which is notal
|

| 16 containment, and Class CS which is core support structuren.
.

. 17- Coro support structures is very much the same as the C] ann
} r

i
i

18 1. Cl ass _14C in very much liko Clapu 2.i

>

i 19 So, in offeet, there are three ways of building a *

I

20 nystem. _ While they are not inherently talking about risk, ;

21 the regulatory actions have directed people to build the

22 more risk sensitive structuren to the higher |

23 _classificatione. Section_ XI, of_courne, han done the same j

; - 24 _ thing._ We are talking about implicit recognition of rink :
I

| 25 throt:mh engincoring judgment and qualitati c methodo._ ,

i

!

?

!

l
. . _ . _ ~ - - - - - - - - - - . - , - -
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2 It would be a lot better ii there were a

2 methodology that one could follow that would explicitly

3 recognize rink and cou]d, in a nyntemized way, come up with

4 proceduren for what to innpect, when to innpect, how to

5 innpect, that would recognize ' gain the consequence. of a

6 failure. The Coden and Standardn itenearch Planning

7 Committee and the hoard on Research and Technology

8 Development, the Council Coden and Standardo, thin in b a c )-

9 in -- you will nee a n11de here on chronology in about--

10 the 1986, 1987 timelrame endorned the project.

11 Some of you may know Ernie Damen, lie wab the

12 initial Chairman of. the Coder, and Standardo Roncarch

(qt 13 Planning Committee from fonter Wheeler.
LJ

14 !41i . SilE W!iO!J : Dob, you know more about the Code

15 than I do, but there certainly are nome you munt innpect--

16 primary nystemn within ten years and no much at periodic

17 intervals. '!here are thingh of that nort, yet you talk

18 about Coden and Standardn that cover periodic inopoetionn

19 are practically non-exintent. Are we going to get i nt o what

20 you --

21 MR. h0S!J AK : What I am talking about, I am talking

22 about not just nuclear. 1 am talking about our broad-baned

23 complex ntructuren, petrochemical.

24 !4 R . SilEWl40!J : Okay.

25 fi R . BOS!1AK: If you wil1, bridgen, transpottation,

O.1

NJ
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1 all of that. The only thing that we have that'n why 1--

2 nay it's practically non-exint ent , with the except ion of
,

3 Section XI.

4 MR. S }l E W M O !1 : Okay.

5 MR. !!I CllE LS oll : Whl]e you are interrupted, let me

6 ask a couple of more questions. Th i n ASMI: Center, how many

7 yearn han it been in exintence?

8 MR. D O S!1 A K : Since 1985.

9 MR. MI Cil E LS oll : Since 1985. I annume that motor

10 operated valven in an integral part of what thin Center in

14 going to be handlint ?

12 MR. H O S!J A K : Right now, it in not.

13 MR. MI CHl:LS Oll : I was going to ask then, what the
v

14 relationship in to the activity up in l'h il a d e l ph i a on motor

15 operated valven at the Eddie Stone Plant.

16 MR. IlO S!J A K : You nre talking about there are--

17 several organizations, EPHI an you know, the check valvo

18 group. MR. MI Ci!E LS O!J : Let me tell you what bothers me a

19 little bit. If I were worried about rlGk and I wanted to

20 pick out componento that were particularly troublenome in

21 that regard, I would pick out all the valven in the plant.
,

l' Li MR. D O S tJ A K : We know. k

23 MR. MI CilE LSoll : Yet, that big piec'4 of ink in not

24 in your program.

25 MR. D O Sil A K : That'n correct.
A
b

. - - - . . . - . -. - . _ - _ - _ -
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1 M51 MI CllELSoll la there a good reason ior that?

MR. DOSliAK: The scope of the program is such that*

: -

3 we are talking about what I would call pannivo components. (
'

!. I

I 4 MR. MI CllE LSO!1: Section XI. of course, talkn about |
I !
'

|5 the valves and so forth, part of your Section XI --

?
6 MR. BOS!1AK Wo do only for the proosure boundary.

| 7 The thingn_that you and I know that we are talking about, j
l

*

|
8 valve testing, have now been moved. We are not trying to --

I 9 MR. MI CllC LS 0!! i It's not a part of Section XI any |
|

. !
|_ 10 longer? |
! !

iF
i 11 MR. BOS!1AK: !Jo longer. !

'I
12 MR. MI CilE LSoli: I didn't realize that. Where han |

13 it moved-to? !

14 MR. DOSNAK: It has moved to the Code on Operation >

f
15 and Maintenance. !

t|

i 16 MR. MI Cl!E LSOll : It's O&M what, nino? |
'

'I
17- MR. DOS!lAK:- O&M, six and ton, !

:

18 MR. MI CllE LSON : Six and ton. It has been i

19 officially moved then?

20- MR. BOS!J AK : That'c correct.
I

21 - MR. MI CllE LSOll : The rink that you are talking j

22 about here is just the rink of stool girdora and proosure
i

23 boundarion, 1 guess. j

24 MR. DOS!l A K : You will hear from our presenters
1

[25 later, that this syntom could in effect, even though we are

||I !
i
1

-f

f

i

1

. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ . _ _ _ _ . ,-
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j 1 not handling rink due to valves now, it could. It could do

2 that.

3 MH. MICHELSON: An I say, I was caught a little by |

4 uurpriso. I thought it wan going to, and it'n a little bit

5 of_a disappointment-to find that probably the biggent rink

6 contributor in the plant in not in the program.

7 MR. BOSHAK We recognize exactly that. You will
| ,

8 hear about that lator.

9 MR._MICHELSON: Okay.

10 (Slidon.)
11 MR. HOSHAK I want to go through thone rather

12 quickly. The initial objectivos and in the initial ;

!

13 objectivos, as Mr. Michelnon han recognized, we are talking '

14 about inspection guidelines for pannive components. Wo

15 wanted to como up with a program to be able to recommend not
I

16 only the ASME but perhaps ASCE, IEEE. IEEE han boon |
,

17 involved in reliability. llore in a method that could bo |
|

18 used. |

19 The chronology quickly, and I have covered a lotr

|'
'20 of this, so I am not going to dwell on that.

21- MR. MI CilE LSON : - Defcro you leave that, we are j

f22 really concerned here I guoso, about riok-based methodu', and
I

23 I assumo we'are also worried'about risk that those pannivo i

24 components might present. Is there any part of thin program j
!

25 that in going to get at the ispuou of probabilities of pipo |

O I
'

;

|

| l
L !

__
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12 I

| 1 breaks and that sort of thing?
|

2 MR. Il0SNAK You, you will hear about that. j

i
3 MR, M1 CilE1, SON : Thank you.

4

| 4 MR. DOSNAK Some of: you may havo hoard of the
1

5 Risk Analysin Task Force that started about in the 1985,
j,

! 6 1986 timeframo. That, nov, han becomo the Safety
|
"

7 Engineering and Rink Analynlo Divinion, lloro again, you noe )
:

.

the process that they wont through. In 1988 the Tr.sh Force |8

i |

9 members woro established, and they developed thin detailed |

; 10 work plan. The funding by the sponsors commenced in 1988.
|

| 11 Again, HRC was one of.the oponsoru. We are talking horo
i

12 about Phano 1. !

13 Phano 1 in now complete or will be comploto with

14 the publishing of Volumo 2, Part 1. All of you, I think, |;

t

15 have at least a. draft copy of that document. You also have j

i 16 the final version of Volume 1. That i n l'hase 1, Volumo-1,
;

!

17. the Gonoral Methodology Document, Volume 2, Part 1, on {
-1

18 nuclear facilities has gon? to tho.printor. ;

|
and we have covered a [! 19 1 think this chart hero --

t

20 little bit on it with the-Conter -- thin is the ASME i
|

21 -management structure. li e r o , from thin horizontal line, la
'

22 the group that providos policy, management and overnight. [
,

23 This is the group, and some of you have participated. I know
l- - . .

24 Dr. Showmon on Section XI and othern on varioun other aroan.
.. 'I

25 133 1, como of you are familiar with that. Subcommittoo 11, j

O !,
,

e

.

. - - _ _ _ _ _ - _ _ . . .
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I
1 Subcommitteo 3, thene are all boiler codo activition.

2 liR . 141 CllE LS0!J : Where will the motor operated |
!

3 valvon be on that chart? i

4 liR . DOS!J A K : It would bo in another box. That .

i

5 comon out horo, on the Committoo Operation and 14aint nance. !

6 14 R . 141 CllE LS011: That'n just now phown yo". .

,

7 14 R . BOS!1AKt It'n junt not showing. Thoro are :

i

8 neveral boarda, actually, there are tive boardn. We only '

'.9 show two of them here. The Board on 11uclear Codon and

10 Standarda in now chaired by Bob Dich Irom Duke Power. The ;

il Dourd on Prosauro Technology Codon and Standardn, they deal ;

12 with the non-nuclear area, in chaired by Walt Michel j

13 currently. There are throo other_Daardo, Standardization,

14 . Safety Codon and Standards, and the Performance Tout coden.
6

15 The Board on Honoarch in the one that we have boon ,

36 talking about here, and the Contor for Renearch in the one

17 that-in physically located downtown. Codos and standards,
:

18 Ronearch Planning Committee-in thin organization. I am the

19 current Chairman of that group. We are responsible for :

20 getting the job done. i

!21 We currently have active projecta -- there are nix

2? activo projecto --- totaling roughly about $1.1 million.

|- 23 Briefly, you-are going to hear about one on Coden and !
l

|- 24 Standards and Rollability, if you will, junt'the last niido |

25 in my presentation. That, again, in the Coden and Standardu
,

s

' ' '

.
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1 Roncarch Planning Committee. Thoro fu another Committen |,

|

| 2 that doesn't show here. It's called the Technology

3 Opportunition Planning Committee. It'n the one that in

| 4 nupposed to look ahond with ronpoet to needed renearch, not
$

5 dealing with codon and utandards. Defore thin group can
|
i
i 6 start on any project it han to got the approval of the Board ,

! |
7 on Renoarch which reporta to thin Council and Codon and j

1

8 Standards, the dotted line that you noe coming out horo. j
9 We cannot start on anything. We can't go out and

I

, -
requent funding from interented partien unlenn thone two !10

31 groups have given their approval,
i

12 MR. WARDt it'n a complicated management

I 13 structurel docu it work? ;

!
14 MR. DOS!1A}:t 'an. I haven't had any problemt..

-15 The only thing that might be complicated in over here, the |

[ 16 -boiler code reports to two mantern-. They are looking at how

| - 17 - to-perhaps nimplify-that, But there a re dangern of I

p
18' noparating nuclear from the rent of the world and vico j

! 19 verna. Those of'un that have been involved in thin for a !
l.

;

I

! 20' period of yearn think it'n a pretty good way to operato. |
I

21 We have acquired the knowledge, particularly f;

!

22- materials, wolding, NDI: and all of that, that han come from '

23 the-banic industry.
>

24 MR. MICHI:LSO!1: Bob, before you leave that,

25 nomething ntil'1 bothers no a little bit. The O&M

O !,'

i

-I
!
i

!
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1 Subcommittee in a good place to put tenting all right, but
'

2 in the deuign etfort that in ntill needed on valven going to

3 be there or in it going to be in Section 3.

4 MR. DOS!1 A K : That'n another Committee. That'n Q!il: .

5 O f. fi in a main committee, it'n not a Subcommittee. O f. M in a

6 main Committee, and it dealu with an you 900, operation and

7 maintenance.

8 MR. M I CllE LSO!1 : Clearly, the --

9 MR. Il0 S!1 Al' : The group that dealn with the denign

10 in a relatively new group, Qualitication of Mechanical

11 Equipment, QME.

12 MR. M I CH E LS O'1 : That'n qualification. I am

13 thinking of denign now, not quali1ication.

14 MR. BtS!1AK: That also includen basic denign.

15 MR. M I c h E f 4 0lJ : I an alno thinking that'n a

16 Section III component, and you al ready tu ve an organization
_

17 for Section III componento. Ia va1ven being moved out of

18 it?

19 MR. DOS 11AK: Section III only dealn with the

20 prennure boundary right now.

21 MR. M I CilE LS O!1 : There's a little more in the Code

22 than just pure prennure boundary on valven, or at leant

23 there han been in the pant. There are certain requirementu

24 on the gaten and no forth. At one time they were ignored

25 but finally got it in.

-- - _ _ - - _ _ _ _ _ - - _ - _ _ _____
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; 1 MR. 110SN AK : It's material proportion. It really

2 doesn't deal with the function. I agroo with you, there |
|

! 3 noods to be coordination, cortainly. I

l t

4 MR. MI CllE LSoll: When it naya nuclear componento it i,

|

) 5- really moann prosauro boundary of nuclear componentn. |
!
, 6 MR. BOSHAK Exactly.
]

) 7 MR. MI CllE LSOll: And, the operability of tho ;

! ;

! B componenta in OEM?
!

'

f; 9 MR. BOSNAK Somewhere eino.
,

I

j- 10
_

--MR. MI CllE LSON : Ia that OEM, did you nay?
i
i 11 MR. BOSHAK QME. ;

| 12 MR. MI CllE LSON : Pardon me, QME. i

13 MR. BOSNAK: Qualification of Mechanical

14 Equipment. !
*

i

{ 15 MR. MI CllE LS ON : Where is the donign? It'n doing .

;

16 design as well au qualification? ;

F 17 MR. BOSHAK 'i c n . All of those bodien that don't- .

!

18' appear-here report to the Board on Nuclear Codon and
,

(
19 Standarda. So, there in nome way of making nure that they

,

!

20 talk to one another. That's alwayn a problem. i
,

1

- 23 MR. MI CliE LSON : In the cane of valvon it'n not f
f

i 22 real clear how thic in go_ing to work, and valvou are one of I

j - 23 the-big rink itema. |,

{ 24 MR. BOSNAK: Exactly. I couldn't agreo_more.

25 MR,_MICllELSON: So, I think there is nomething

LO
.

!

| .'.
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1 strango about the program. I annume that they will got that
),

2 figured out.

3 MR. DOS!1AKt I hope by tho timo that we are -

i

4 through -- We have what we connider to be an integrated team !
4

i

5 hero. We recognize the tact that valvoa are a largo causo .j
t

6 of rink. Again, what we are doing is developing a ;

7 methodology which wo think can.be applied to other aroan. t

8 MR. MI CH ELSoll: Methodology would work all right, j

I thought it wan going to includo9 but 1 wasn't quito nuro --
p
;

lo valves.

11 MR. WARD: Bob, I thought I heard you nay it.ln

12 going to include valven, but you are including the
[

13 methodology on --

14= MR. BOS!1 AK t Right now, and you will n00 the |
L

15 planning coming up-later, valvon is not one of the thingn
'

16. that is included. It could bo,-but it'c not, currently.

17- MR. WARD: I thought thin 10 kind of a pilot

la program in a nonno. Or, in it really intended to be a I
:

19 comprehensivo, be all, and all program.
,

20 MR. BOS!JAKt It's intended to be a comprohannivo
t

i

21 development of the methodology that you would uso, but we |
T

22 are focusing on -- call it the proucure boundary, the
,

23- passive componento,
i

24 MR. MI CH E LS011 : la.the valvo dink considered a ;

i

- 25' pressure boundary under the Codo? [

9 :

:
,
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1 - M il . - BOSilAKt I think you will hear -- yon, it in.
< 1

| 2 MR. MI Clll:LS0!J I thought it wan. ?

ii

! 3 MR. 110 Sil A K t You will hear the thingo that may
.

|
4 give you some more comfort on what wo are doing.

1 !
5 [S11 don.),

'

6 MR. 110SllAKt I have covered nome of thin already.
|

7 Phase I la to provide the document which you have in your |,

3 i

8 hands. That'n Volume 1. Volume 2, Part 1, in for nuclear !
!

9 power facilition. Then, prioritize other arcan, no many |
.

! 10 some of the things that Carlylo Micholuon in talking about !
!- ;

; il could fit in here later on. For Phano II, that han already !
!

12 -- at least for what we are going to bo doing han boon--

13 prioritized. Some of it, the priority depends on tho ;

l| .

sponsors as well. i14
f f

i 15 Phaac II in to preparo additional documento. You !

| |
16 will soo lator on, exactly what we are talking about.

'

i
'

-- -17 Again, it's applicable-to any industry. I think f

; 18 this in very important. General risk-based methods that can
*

'

i

| 19 be used to develop appropriato innpoetion progrann. That ;

i >

{|. 20 is, 1-think, very important for you to keep in mind. What

} 21 it doos do, it bringn into the picture economics. Whenever
,

22 you deal with a complicated system you have to weigh
4 .-

23 oconomics and safety and engineering.- _f
r
f

24 Volumo 2, Part 1, again, in what we talked about !

25 with respect to component rankingn, component probabilitica !
i'

,

h

-. -_ . - - -... _ ~ .-~-~ _ ,... -- _ _ _ _ _
__ ~ m,- ~_ _--
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1 of failure and the consequencen. It han como up with an
i
i

2 innpoetion otratogy. j

|3 MR. MI Cll):Luoli s When you pay thin applion to ;
;

4 pannivo componento, doen it apply to auch thinga an finngo

5 to ganketn flange to connectionn and pip ng, and the--

6 ponnibility of failure of the gankett in that the kind of -
- ;

7 -

t

8 MR. DOS!JAK Yes, and you will hear about that. f
,
b

9 MR. M1 Clll:LSo!J : Okay. But it munt be a pannivo [
t

10 component, not an activo component.
|

!11 MR. BOS!!AK That'n correct. lloro, Phano II --

!

12 and I want to apend a little time becauno thin in what in *

i
13 _ coming. Phano 11 w131 apply tho methodology that wan

|
1 ^

; 14 developed in Phano 1 to other applicationu. _The nponnorahlp

i 15 for Phase II and I am going to flanh Jp nomo of the--

I

i 16' organizations that are now involved. Wo have ton !

17 organi::ations, including the l'o d o r a l government bodien, !
t

| 18 innurorn. ,

_ _
;

; 19 1 think the fact that wo havo thin multi-industry, !
!

20 multi-disciplino team in very.important. It's also nomewhat ;

-

i

| 21- -multi-national, and wo hope to aloo increano the '

' 22 participation with-othern from abroad. Trado and industry ie

23 . organizations, an you neo here, the Society in neeking
n _ t

f 24 additional uponsorn. I_

:

j _ 25 The documents-to be developed, Volume 3 in foccil
|

<O :
,

;

.
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|
3

|
]
1

;

| 20
|
! I fuel fired electric generating ntation applicationu. Volume
,

-

.i

2 4, API is a very active participant in thin aron, putroleum
i
j 3 refinery proconning and otorago applicationn. Volume L in
!

| 4 for the Dopartment of r,norgy, non-commorcial nuclear
i

i 5 facility applications. Of courne, Volumo 2, Part 2 and--

| 6 you will hear a lot more about that lo going to be tho--

| .

) 7 dotalled requiremonta that Section XI -- and thoro'n a lot

| 8 of interaction going in with Section.X1. I think Dr. i
1 |

j 9 Showmon known about the intoraction that taken place. |
! |

10 Once thin han been developod, wo just can't junt j
i !

|
11 drop it on Section XI and say here in what we think in |

; i
! 22 noodod. Thero in going to be a lot of intoraction. Futuro #

i

L 13 phases under connidoration, 1 ouppono.hore we could put ,

I |
14 valven and active components. We havon't, but I think your |,

! i
| 15 input on that to mont useful. i

,

| 16 MR. W AllD Bob, I notico you have aircraft there.
|

| 17 - An I undoratand,-the Air Transport Industry han had,- for ;

i .

i 18 many years, a reliability contored maintenanco program which ;

|

| 19 poema to havo como of the name goalo and approachen that you
|
j. 20 are talking about hore. In there any conocloun connection ,

I

; 21 betwoon your-program-and that'? !
i

I, 22 Mll . HOS!1 A K Yoc. Men Balkoy and othorn will bo !
+p

| 23 getting into that. We do have on our team, people from the I

'
-

- :
24 aircraft induatry.

;

25 MR. WARD: Okay. ,

!
i

-
j
'

F

. ?

i: :

:
1
. - ~ , .

. m. --
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1 MR. DOS!J AK With renpect to actually developing a

2 document, that'a down in futuro poonible activity.
,

3 MR. MI CllE LSoll In the aircraft industry moro !

:4 interonted in passive failure than active talluro?
,

5 MR. DOS!1AK 8en?

6 MR. BALKEY: I am 1:en llalkey, and I am the

7 Chairman of the Ronearch Group. The Aircratt induntry han !
!

8 had the reliability group that you mentioned for quito somo .

j,

9 timo. It in a result of the Aloha Airlinen accident as well ;

f

_10 as tho 747,_whero-part of the funelage blow out over llawaii.
'

|

11 They formed an aging aircraft roncarch group of the aircraft !

!
12 .manufacturero and the airlino companion about two yearn ago. :

1

'

13 With Dr. Smith who has boon on our group nince the

14 beginning from McDonnell Aircraft, he han boon interfacing j

15= with the Fodoral Aviation Administration. In fact, wo are

16 due to have a mooting with the Federal Aviation

17 Administration to datormino how could-the ASME renoarch team
>

18 help with their research work, trying to addrens the pannivo .

19 aspect of structures in aircraft. ;

20 MR. WARD: -What about information-coming in the ;

>| .

_the experience of
~

21 other direction, --

22 MR. BALKEY: So far, Dr. Smith han provided un

23 quito a-bit-of information-from his_ applications at

24 McDonnell Aircraft and also what has gone on in the airlinc !

| 25 industry. You~can soo como of it in the appendix of tho ;

O
;
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1 Volume 1 document. We have entablinhed -- he han brought
i

2 hin information and we have not trannferred over to their

h 3 group at this point yet,

i
4 14 R . SilEW!ioll In that group also limited to

|
| 5 passivo componentn, or doon it get into actuatorn too?
!

! 6 - 14 R . IIA LKEY The aging aircraft renoarch group,

i
; 7 from the boot of my reading of the literature and talking to
|

8 Dr._ Smith, is has just panned. |!

[

! 9 14 R . SilEW!ioli s Thank you. j

10 '[S11 don. ) _|
L !

| 11 14 R . IlOSNAKI What I havo up horo now -- and you

12 will see, and I will try to explain -- the difforence

13 betwoon direct and indirect. Thono are the direct uponnorn.-

|
14 lloro, we are talking Phano II. NRC was a direct uponsor for

|
1 .

Phano I-wan about !

I

15 Phaso I. To give you an idea,
!

16 $200,000.00. Phano II in budgoted for about $470,000.00. |;

. |

17 Currently, we have in hand, about-$370,000.00. That in

f18- giving you nome idea.

i i
19 Phase II, of courne an you saw, covern more than i

20 Phano I did, and that'n why there are several arcan. You- j
. 1l. .

the National Board, the National-Hural Electric |21 n00 NRC,
!

22 Cooperative.Annociation, the Innurance Industry. There are i

23 throo hero. API becauno, again, the petrochomical.- DOD,

24 Oil Insurance in another member of the insurance family, and i

|
25 EEI. ;

O 1
:
i

|

!

I'
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23

1 The direct uponnorn put cash on the line into the

2 project. The indirect uponnoro bring torward their people,

3 their resourceu, the research that they have done. They are

4 contributing to the project. We have used the term indirect

S uponnoro. The time of the people and the information that

6 comen from thone varioun companien, you nee licDonnell

7 Aircraft here. The Univernity of Maryland. Again, l'a c t o r y

8 Mutual, Vic Chapman in here. Exxon, fliagara Mohawk in Lloyd

9 Smith, who in here. Winconnin in Chuch Tomen.

10 They are contributing, again, by their time. Au

11 you know, any of thene projectn take a lot of peruanal time.

12 The information that they bring from the.fr work experiencen

13 in invaluable.

14 I have a lint of potential nponnors. Innurance,

15 the Empire State in, again, in the tonnil fuel area. PAA in

16 interected. There have been prenentationn made to all of
.

17 these groups by the Center and the team that we have. The

18 representativen irom Japan Power, Engineering and Inspection

19 Corporation are here today. The Department of Interior and

20 DOT.

none of you may have heard21 Lantly, I have here --

22 of this particular project and have gotten it contuned with

23 the rink-based innpcction guidelinen. Going back to about

I think I am probabli one of the culprits. I have24 1988 --

25 anked the boiler and Prensure Vennel Committee why don't we
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1 bring in concepts of rollability, cout benefit and thone

2 kinds of things into the Code procenn. Thorn are a lot of

-3 .codo changen that are made in thin period of time, parhapn a

4 yonr or two years later we change again. No one han looked

b at the impact of how much havo we achieved in nafoty gaino

6 and how much have we perhapn cost the industry that han had

7 to comply. Have we looked at thone kind of thinga.

8 So, they formed a group that was chaired by Sam

9 Taggort of EPRI, and they recommended in fact that thin in

10 nomething-that noods to be d one . - That wan only dono laut

11 Pobruary, 1991. So, it'n only a year ago. Thin then, went

12 to the Board of Governorn which in the highant group in the

13 ASME. organizational structure. They nald let'n-fund it, no

the figuro in about $270,000.00. It'n14 it'n funded about --

15 funded by-the nociety to .cok at what in done with respect

16 to the une of rollability methods in the Codon _and Standardu
_

17 proccan, but alno in the:whole organization of the nociety.

*8 It in a foanibility study. It started just lant.

39 June. Dr. . Bob perduo in the project manager, our principal

20 investigntor. We expect by the end of this year-to havo_a

21- report that-I hope will mako nome ponitive recommonaations.

22 What wo say here in, for the coden and Standardo activity if

23 found feanible and we think it will bo, thin would be then

24 used to decido whethor to initiato often'timon the--

25 society, and thin in probably true of other nociotion --

O
\
\
b~

I
;

- - - - - m_______ _-__m _ _ _ _ _ . _ _ _ _ _
-
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) I receiven a request to initiato a standards project if you
I
; 2 will, on something that may be very unotul or may be of

3 limited use. Ilow do you weigh all of ther.o thingn in a co- I

f
,

4 called multi-attributo utility analynin, nafety vorpun cont. |
1

.

|
'

5 of course, the society in looking at what hind of revenuo
I i

j 6 might come into it if a now ntandard in generated. !

)- 7 Again, for things that are now in existence that I

. '|
| ,

j 8 are being used and in some canon being used in a regulatory 8

9 sonno, how do we weigh those factorn. llow do wo got the i1

i I
! 10 decision that in equitable to all, and utill maintain !
4

-

;

! .11 safety. |
i,

!12 Dr. Muncara was expected to be present. Why don't

13 I start, because some of thin in IJRC recoarch. Doon anybody

14 have his niidos? !
!

15 MR. SilEWMoll You have hin viewgraphn? !

| t

16 MR. BOS!1AK You, I have them. I am not going to
,

! ;

17 be able to answer all of the questionn that Joe would bo |i

18 able to answer. Ile works in our Divinion. I joined !
:

I 19 Roncarch in 1987. Some of this, you will soo, started in f

!

20-- 1977. I don't have all the answers. There are como people j
t

21 horn from P!1L that, if you do havo questions, they would bo' -|
|

22 able to answer them. !

23 ~[SIidos. ]. f

24 MR. DOS!1AK: Thin wil1 effoctively, we hope, try i

' 25 to explain what research programn wo in llRC had. Thin goes
;

'O :
1

L !

-- ___ - _ _ _ - _ .. .. - .
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|! 1 back to 1977. What was ntarted, there woro several arcar.

i 2 I think what we are talking about here in the offactivenens ;

f 3 and the reliabilit/ of nondestructivo examination nothods,
|-

{ 4 Whether wo are talking about ultranonic, we woron't an {
1 -

! $ interonted at that timo in radiography. Ultranonic wan tho |
f'

'
6 principal thing that we had in mind, bonnuno if the

7 reliability of - the method 10 poor -- if wo didn't know what !
"

0 the rollability was, then how could you une it in any kind
r

9 of a rink-based proconn.

10- That wan__what we are talking about horo, how can !

11 wo improve that-process. - Since wo-have reiorenced in tho
|

12 regulations the ASME code in 5055(a), how do you improve !

t,

13 - that. You soo here the Hound Robin tonto that woro i
-

14 conducted to quantity this probability of detection. That i

{15 was the offort that wan going on in the 197/ to 1987

16 timorramo.

17 Out of that han como changon within the ASME code.
'i

18- principally, I am going to point to Appendicou novon and

19. eight. This'in for peoplo qualification. Thin in for

20 performanco demonstration, the.proconn that you are using; i

21 can you offectively find the flaws that you believo aro j

22- prosent and the kind of flaws, depending on whethor you aro
|

23 talking about intergranular, IGSCC, or something 0100.
_

24 Having addronaud at leant nomewhat the rollabillty

25 program and out of that came things like SAFT-UT, what was

)

'

. _ . . - . . . - , - _ _ _ . - _ , . . . - , _ - . . . . . _ . , , . . ~ * - . . , _ , . . . - . . , - ~ . . , . _ - . _ , ~ ~ . - - . - - . - - - - ~ . _ _ -_ L..
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|
1 next. You ano here wo are talking about what to innpect, ;

i
2 the extont, the frequency, and the reliability of the j

i

3 innpoetion. In about 1986 or 1987, Pl1L began to work to

4 explore what we call a rink-baced methodology. That wan !

5 going on at the name time about the name timoframo that--

6 ASME started its renonrch program. You 000 that the {
7 nolection in baned on information. You go back to the PRA'n .

8 that are around. The methodology that PflL was working on --

9 and you will hear a lot more about surry this morning from ,

;

- 10 the.upeakers.-that will follow. Wo think it provided a
,

!
11 atructured meann for ranking the varioun ayutoma in a i

!
- 12 nuclear power plant. ,!-

13 MR. MI Ci!E LSoll: 1 am a littic puzzled by that '

14. statement. My recollection of looking at the PRA'n that aro ;
'-

15 around is that they don't do a very good job in deciding |.

16 what the probability of pipo rupture in. They kind of uno !
\

17- what I would call generic numbers.' I
!

18 MR. h0S!1AK: We have adapted thouc --

t

19 MR. MI CllE LSO!!! I don't think i t has anything to '

. 20 do with thin in that roupoet.

21 MR. BOSilAK Again, you will hear more about how

f2; we did that or how wo used that'in the process. At the name

23 timo, wo-are talking about the Contor which you heard

24 carlier, has developed its program to como up with a method

25 for risk-based inspection guidelinou. An far an wo in llRC

O
'
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i
1 are cencerned, it looked like thin was a poefect way to got {

6

2 oxactly what wo woro looking for and to come out with a
t

3 program that has boon integrated industry-wide and, again,

I
4 not only in the nuclear industry aron.

5 What wo did, wo had a renoarch grant that went to

6 the Contor for the Phano I work and for the Phano 11 work. .

'

!

7 Tho work that you will hear about from our friendo from PNL |
; !
J 8 here this morning right after me, will describe exactly how i

i

i
: 9 their prior work and the work that was going on by the r
.' i

. 10 Roscarch Task forco from the Contor were put together and j
t'

.; 11 integrated. !
!
;

! 12- [S11 don.] !

!

; 13 MR. BOSNAKI The lact-thing that Dr. Muscara was ;

2 14 going to say is that we are putting together, and you will
r.

16 hear about that methodology for developing rink-based i
:

| 16 inspection programs has been developed by both PNL and the j
:

17 ASME Task Forco. The pilot studios, again, you will hear
;
^

!

18 about those this morning.j

19 In the future, in conclusion, wo expect that the I
! (

and thia |i 20 methodology that has boon developed will be used --

21 is the bottom line. If it's not used, then all the efforta

22 that.we havo gone through over those number of years will

f23 havo boon in vain. So, we will not lot that happen. Wo.
, ,

24 expect that we can integrate those into the rish-based-ISI t

i .

agajn going back to Carlyle
i

| 25 programs. IS1, of course,
I.

f
1

i

>

s

.

?
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|- 1 Micholson, in the pronsuro boundary of the passivo
|

| 2 components.

3 With that, I am ready to have my Irienda from P!lL.
:

| 4 MR. SH1'WMoli Thank you very much. We are

5 alipping a little bit on nchedule, but not doing bad. Thank

6 you.

7 MR. 110S!! A K Kon in our principal investigator, |
'

i

8 and he's the-leader of our Tank Force.

9 (Slidou,)
,

i i

1: 10 - MR. 13A LK1:Y : Thank you. Once again,_1 would like :|
| i
' -11 to add to Mr.13conak, that wo sincerely appreciate the

12 opportunity to moet with you today on thin important
i
!13 project, not only for the nuclear induotry but many

14 industries. I would like to speak to the concern that Mr.

i 15 Micholson rained dealing with valvou vornun the papalvo >

l. !

| 16 componentn. |
'

s

| 17 Let me go back to how the project got utarted.- 'l j_

18 was a member of the Rink Analysis Tank Force in its [
| t

| 19 . inception in 1985, and mot with the Coden and Standarda
|: |.

|- 20 Ronoarch Planning Committoo in June of 1986, Dr. Alan f
21 McGaysee who was Chairman of tho Risk Analyola Tank Force at i

22 that timo. We identified several areas in the_ Code where 1 |
|;

23 thought the probabilintic methods could be used. j-

!
24 Actually, that Committoo was very concernod. They i

,

I 25 picked up on the area of innpection, becauno if you loot
I
i

f

!

!

! I
'

1

w _.-. _ ._ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ __
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1 acronn the United Staten, we are not building any now power

2 plants, any now proconning facilition, no now off-phore

i. '3 ntructuren. Our infrantructure in getting old. The concern
,

4 in, and thoro have boon over the pant ten yearn, oc/ oral

5 norioun accidents that wore ntructurally relatedt whether it

6 wan pipeline failuren and no forth,j

i
i 7 The concern van that the firnt dolonno, given that

8 our economy in nuch that_we aro_ntill not going to be really

| 9 providing . low facilitiou, the flint dofonuo i n to provido
i i

i 10 - nomo type ofzinopoction program to the induntry to lower the j
;a

i 1.1 rink or mitigate the rink of thono very serious accidents._ j

!l

- fully appreciato and understand your concern on the 112 We
t

13 valvont that what han happened in the induntry when the rink |
f

14 annonnmento are used, whether it'n in the nuclear or in the |
t

!
,

15 non-nuclear arcan, the rink annonnments focun on the human ;
i ,

f! 16 error, equipment error and an you nald, Mr. Micnolnon, the
!

17 ntructural part in well modelod to como extcnt uning !
!

18 historical data. .;

i
'19 What happenn with thone annonnmento, in that the
l

20 . ago degradation han a tendency not to be addrenned. The i

:
21 _ focun of our project in that particular ploco. Wo want to |

' 22 maintain that those structuren will not be major-
t

23 - contributora to rink.- There are enough thingn already |
i

24- adding to rink-in facilition across the country, and we want

f f-25 to.make ouro that the ntructural contr_ihution remainn at a

;

!
>

,

?

,
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1 low level. We feel that this is a good methodology to

2 adaress that need,

3 In additlon, when Mr. Hay Art who in now here from

4 the ASME Center for Research, an we went to the uponsors,

5 several sponsors were most interested in addressing not only

6 the passive but also the active componento. When we first

7 started the project we were very concerned, should we do

8 both. What we were concerned about is, if we took on both

9 the passive and the active at the came time, the scope would

10 be so large that we were concerned that we would not get to

11 the specific recommendatians we felt are needed in the

12 structural area. We felt that at some additional time,

ff 13 whether this team or another team could be added through the

14 research Center, to use these techniques to begin another

15 research effort on addrenning active components.

I have written16 When you made your comments of --

17 down -- the work with Mr. Art, that I think that could be a

18 very important research need. There should probably be nome

19 active consideration of how our team could help form another

20 team to address that particular need.

21 The other thing that I would like to address too

22 in, actually, when we first met with the Codes and Standards

23 Research Planning Committee the group at that time felt that

24 Section XI was in place; the nuclear plants are inspected to

25 the requirements in the ASME code. The other industries do

_ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ - _ _ _ __
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1 not. Some of the other i dustries do have some recommended

comprehensive acction2 practice guidos, but there is none a

3 as Section XI. Actually, they wanted us to put a research

4 task force together to represent the non-nuclear aspects.

5 You will see on the team members, that's why we

6 have our representatives from the aircraft industry like Dr.
A

e 7 Ayyub from the University of Maryland who is not even a
-

8 mechanical engineer -- he's a civi] engineer at the

9 University of Maryland. When the project was starting to go

10 through its approval process it was recommended that it

11 might be wise to revisit the nuclear first, before launching

12 into the other industries.
'

13 The way the project was structured was that
)

14 instead of preparing a tirst document as nuclear, we still

15 felt there was a much broader industry need. That's why we

16 put the Volume 1 document together the way that it is. It's
-

17 a general methodology that, while these other industries are

18 waiting for their particular specific document to be

19 written, at least there was something that they could start

20 with. I can honestly say that I know that there are

21 organizations who have taken the Volume 1 document outside

22 the nuclear industry and are using those methods to address

23 structural concerns. So, that initial need, we feel has

24 been met.

25 Then, we have now come back focused on the
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_1.. nuclear, and now we are in our Phase II effort, expanding

2 now into the other-industries as Mr. Bosnah had stated.
;

3 What 1 would like to do first here is recognize

4 the contribution of some very talented people. Rather than

5 just reading through the names, I think it's more important

6 .to determine what skills and what technology are needed to
,

7 set up a risk-based inspection program. There are three

8- primary skills that are needed and are represented by this

9 group.

-10 The first one is the reliability of the inspection

11 techniques-themselves. We have Dr. Fred Simonen from

112 Pacific Northwest Labs who has been working in that area on

!-( 13 NRC research'here for a least the part ten years. He is

-14 very well recognized in the industry-for his skills. The

15 next group is to address the concern of how can you predict

16 a probability of failure in a structure, given the

17 uncertainties in potential degradation that may be there,
'

18 the reliability of the inspection techniques,
_

het

19- -uncertainty-in the loadings.

20 That requires a very special skill, and we call

-21. that. structure reliability or structure reliability risk

22 assessment skill. It's very different thannthe probablistic

23 risk assessment techniques that have been used across the

24 industry today. With that, there are several people on the

25 Task Force with that skill.

O

. --- -. - -- -
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1 Dr. Ayyub, from the University of Maryland, has >

j 2 developed models for bridges, marine structures and other

! 3 civil engineering applications. Vic Chapman, from the
|.
[ 4 United Kingdom, has developed models for the UK submarine

; 5 program and for pressure vessels in piping. He has developed
L >

j.- 6 work in that area. Dr. David Harris, from Failure Analysis
'

i[ 7 Associates, has done that work in both the nuclear and ;

8 -fossil,.and he has even worked on the space shuttle engines ,

!

[ 9 in applying those type of techniques. As well, he had some *

:-

|- 10 processing equipment as well too.
!

| 11 Going down through this, Dr. Herb Smith, that's
|:

_

12 what he does for a living at the McDonnell Aircraft Company. ';

f 13 He is a structural mechanics engineer for McDonnell
r -

i: 14 Aircraft. You see, there are some contributors at
|-
| 15 Westinghouse. Bruce Bishop of Westinghouse is our expert,
if
~

16 and he.has been working with the team, making contributions

j' 17 to'the project in that area. You can see that-there are
;

j 18- several people from.several different applications, in
I
!- 19 trying to come up.with-methods to make failure predictions

I

|: '20 becauseLyou can't rely on historical data very well.
i

21- Or, if you want to determine the-effect of newp

h 22- inspection programs or now techniques, you will almost have
|J

b 23 to model~it rather-than trying to make an estimate of what

j' 24 that number may be.
|

|t 25 Finally, the last skills are the experts who have

.

b
.- - ___ - _ - - - _ _ . _ - - _ - _ _ - _ _ _ -
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1 'done what I would like to call is the probabilistic risk

2 assessment of entire plants or systems or facilities. With

3 that, there are a number of people. Dr. Brian Gore has been

4 the expert for the Nuclear Regulatory Commission in that

5 area for more than a decade. Dr. Dimitrios Karydas has

6 developed that technology for the insurance companies. His

7 company is an engineering arm for several insurance

8- companies, and he-has done everything from paper Lills to

9 fossil plants, to processing facilities and many other types

10 of -industrial insurance applications.

11 Jerry Phillips, who formerly worked for Carolina

12 Power and Light, actually was the probabilistic r~sk

13 assessment expert at Carolina Power and Light before moving

14 to. Idaho National Engineering Laboratory. He is now doing

~ hat work for the Department of Energy on their non-15 t

16 commercial nuclear facilities. Going down through the list,

17 Truong Vo, who we have him here as an honorary member but is

18 .being brought up as to a full Member of the Task Force. He

19- has-been doing some very: good work, 75ich you will-hear

L 20 about, on toe Surry application working with other members

21~ of the team.

22 I- think I: have covered just about everyone in that

23- area.- There are some other additional skills that are

! 24 brought in. There is Dr. Lee Abramson from the NRC. He has

25- been brought on the Task Force and actually has been working

|
o

. . - - - - . . - - . - - . . . . -. - - . . , _ - . .- . - - . . --
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1 _ with us for the last la months to two years. His exportisc

2 has been_ involved in the expert elicitation to get initial
1

3' failure probabilities to go into the risk assessment for

4 structures. He has also been very instrumental in reviewing

5 tlua probability .and stat'istical calculations and methods

6 that have been recommended in both the volume 1 and the

7 Volume 2 document.
,

8 You see some additional contributors down below on

9 the bottom of the viewgraph here. Dr. Robert Perdue from-

_10 -Westinghouse is an economist. He is chairing the other

11 project-that Mr. Bosnak mentioned on the reliability,

12 feasibility of using reliability methods in the code. His

()13 work over the last-several years is taking -- we will speak

'14 about it later -- is integrating uncertainties and technical

15 applications with the economic uncertainties. There is a
'

16' strong interrelationship in trying to determine programs

17 _that meet-safety' requirements and economic requirements at

18 the same time.

19 LGuido Karcher and Radhakrishnam from EXXON have

20 been very instrumental in prnviding a link to the American

-21 Petroleum-Institute, and in helping get our Volume 4

22 document-launched in that effort. In fact, the effort that

_ 2 3_ 'they have done over the past year has been in addition to-

24 their own research they are doing at EXXON, and have

25 contributed to the project. Mr. Karcher has worked with the

- - - -- -- . . . . . . -



1 API. executives within that organization to form a. risk-based

'- 2- inspection 1 group in the API made up of petroleum companies,

3 that will interface with a subgroup of our research groups

~4 so that, as Mr. Bosnak said, we don't develop a research

5 document and drop it on the group. '
-

-6 They are going-to work with us, so that as the

L7 research is carried out they can decide what new recommended

8 practices that they will need to put in place on their

9 applications. That has been their contribution.

10 Mr.>Stavrianidis has been working with Dr. Karydas

l- 11 on the fossil plant application for us, and has done some

12 .very excellent work. There is one name - _there are two

( ) 13-
'

names that I have missed. Lloyd Smith, from Niagara Mohawk,

14 who you will. hear about later, has developed using

15 - reliability methods on a fossil plant. He is going to talk

16' about-how these_ methods have helped to improve the
_

'

17 availability of their fossil units at Niagara Mohawk.

18 The. newest skill that we have just added-to the

.19 group is, as we go now into take actual applications to make

20- recommendations to the Code, we are adding Mr. Chuck Tomos

21 fromEWisconsin Public-Service,-who is the ISI engineer for

22 Wisconsin'Public Service. He was the ISI engineering at

23 Kiwanee for-the-past nine or ten years. He is_ going to be-

24 providingivery valuable information, hands on information

25 that we need to have in order to finish out our Phase II

O
.
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i 1 efforts. i

2' I think I have covered just about everyone on the |
i

_

1
_

,

group. You are going to hear from a spectrum of these people -|3
|<-

4 over the course of the day here.

5 MR.-WARD: Ken, I am glad to see that you seem to

6- be paying sc.r.e attention to the statistical methods. This
,.

'

7 Committee has recently_had some problems with application of |

L '8 some statistical ~ methods in some of the NRC work. It has |

9 kind of developed some-sensitivity in that area. Certainly, |
_ 10 the PRA people are conversant with statistical methods, but |

[ 11 it's not quite the same thing there.

i" 12 Their concerns and emphasis tend to be one systems ;

13 and so- forth rather than making sure that the statistical
'

14' approaches are pure and honorable and all that. I think ,

15 that deserves some particulAr attention, I think. I

i

-16 'MR. KERR: This is one of the great values of

17 working with a team of people from the government sponsored

18 laboratories, . industry and academia. In fact, Dr. Ayyub at

19 -the University-of. Maryland, has made a tremendous .

20 . contribution in the area of the statistics. In fact, a lot ;-

. examples involving one he-did with colleagues at the21~ of 64.

22 University-of Maryland-to contribute to the group. *

23 .He has a very strong background in that area, and
.3

-24- so does_Dr. Pordua at Westinghouse. There are several

in fact, I_would say just about25' people in the_ group --

-

.

6

A
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i
! I everyone.in that group is very ccnversant. We are aware of ;

2 the concern that you folks have raised. That was one of the _',

!. J

|. 3 ~ strong reasons why we brought Dr. Abramson actually onto the ,

4 group to work.with hand in hand, to make sure that that I

; 5 concern is addressed.
;

'

6' (Slides.] ?

'

7 MR. BALKEY: Now, for our Steering Committee. It

8 is primarily_made_up of repreaentativec from -- Mr. Bonnak i,

! i

| 9 is on the Steering Committee primarily from the aspect of

- 10 the Codes and Standards Research Planning Committee and the
; - !

11 Council on Codes and Standards. There was a question ||
.

12 dealing with the complex management structure of ASME.

13 I can only say, this is a project I have been

L 14 working with ASME since 1985 in getting the effort started.
i

15 I have been in business for 20 years, and I would like to ,

16. speak my own personal opinion. The management structure

17 works quite well. The Codes and Management Standards s

.

|- 18 Research Planning Committee that I meet with and several
.

19 members meet with our group have been providing very

20 valuable direction to the group. I have met with the Board, ,

;
'

21 I have met with the Council on Coden and Standards, and the-

22 input that we-get and direction is keeping us on track-in,

;

- 23 making-sure that we do get things delivered on time.'

c

; - 24 -.In addition, our sponsors a. number of our--

; --

25 sponsors.come from the organizations providing direct*
:

,

t

'
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1 financial contributions to the project. In fact, with us
,

2 today l's Mr. Bill Wendland from American Nuclear. Insurers,

3 and he is-going to speak later about his perspective from

4 the insurance industry:in using this type of methodology.

5 I won't go through all the names but there is,

6 once-again, a cross section of people from government and

7 the private industry. We have used on our -- we put our

8 documents together. The ASME Center for Research requires

9 and the Codes and Standards Research Planning Committee
,

10 require the documents to go through a peer review. For

[ 11 _ instance, we had Dr. Vicki Bier from the University of

12. Wisconsin who is very well recognized for her skills in PRA

13 and-in_ decision analytic techniques, and provides an
.

14 outstanding contribution to our report.

15' John Boardman is the ISI engineer at Southern,

16 California Edison,.and he reviewed the report from an

17 inservice inspection engineer viewpoint. He is so
.;

19 interested in the project now, that-he is now actually cr.'

1

- 19 - the Steering Committee-because he would like-to stay on as

20. We follow through our Vo'lume 2 efforts. Ernest-Throckmorton

21 from Virginia Power has been working very' closely with the

22 PNL team in carrying out the Surry_ study, and-he is1

23 - providing direction -- of course, he has reviewed all of the-y
,

24' documents-too,_to_give us input on that report.

25 Finally, Mr. Bud Epps he was with Southern--

C:):

F

--#,.,,..,,%,. ..---~,,w.3.,--,,-,.,,,,-vmy_y,--m.i.--.e. ,-,~,,.-,,,,,,-.,.r_cy. ,,mm- ......,..,w.,_.- . , ~ , . - _ _ ~ . . , . , _ , _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _
-



. . . ~ . . . . - . . . - - - - . - . . - - . . -

41

1 Nuclear operating Companies and now with TKS International.

2 lie was from a utility, und he also has reviewed the report

-3 and provided very1 valuable input.

4 You can see that there is a group that ir

.5 overseeing to make sure that this project stays on track and

6 does deliver.

7 MR. SilEWMON: We aren't making up any time on the

8 schedulo.

-9 MR. BALKEY: I will ckip the next one. What wo

on this viewgraph10 say in our viewgraph here is that we --

11 here, we have organized into subgroups. The group does meet

; 12 - three times a year collectively. The purpose of breaking

13 ~the group'into_the working sessions first of all is to work
|

14 -- closer. For instance the Long Range Planning Committee of
f

15 Section.XI on Monday, there is now discussion of possibly

16 doing what the American Petroleum Institute has done,-and

11 7 -that in to form within Section XI a group.that will work

18- very closely with'this subgroup, so as the results come

19 together they_can be delivered into implemented into Section

'20 XI in a more feasible manner.

21_~ - (Slides.)-

22 MR. BALKEY: This is the-process that has been

23 developed. It's essentially a five. step process dealing

~24. with how you want to_ apply risk-based techniques for-
-

25 inspection programs. The first box, of course, is defined

. - _ _ _ . _ .__ __ , __ __ _ _ . . _ _ - - _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _
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1 the systems in ansembling information that is needed to

2 carry out a risk-based inspection program.

3 We have a qualitative risk assessment box in

4 there, and my next viewgraph which I won't show at this

5 point, what we are trying to indicate is that there have

6 boon some good qualitative work done in plant life extension

7 efforts to rank degradation mechanisms within nuclear power -

8 plant applications. It does provide some insight in terms

9 of where a high failure probability may exist.

10 The Code itselI actually is built on a qualitative

11 risk assessment approach, albeit it isn't implicit. The way

12 the classifications are set up, the way indications are

13 found and how they are resolved, it is a decision process ,

14 built into the code that actually in following a r i s k -+ a s e d

15 approach. However, as I said, it's qualitative and on

16 engineering ju

17 MR. MICHELSON: Excuse me. Clea rl y , many of those

18 items are quite location-specific and plant specific and so

19 forth. How do you do these general judgments, for instance,

20 of consequence? It depends on the particular plant, is what

21 the consequence of a pipe break might be. It depends on the

22 location of the break within that plant as to what it might

23 be.

24 MR. BALKEY: We are very aware of that, and you

25 a r:: going to see how that is handled in the next speaker.

|

|
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.1 MR. MICHELSON: Thank you,.

i

| 2 MR. BALKEY: In fact, what I would like to do --
i ,

L -3 the last three components make up the-presentation for the !

L -

|
4- balance of the day. You will hear from Truong Vo -- will i

[ 5 -cover the risk-based ranking that has been done to address !

!

! '6. the1 concerns that you have-just. addressed, Mr. Michelson. !
l'

.7 ' Brian Gore from-Pacific Northwest Labs will be doing the_-- (j
. -

| - .

t

8 how you gat target failure probabilities that have to be

; _9 achieved with the inspection program,
i

)

10 Finally, Dr. Simonen and I will be back to discuss
:

| 11- the actual-development of inspection programs to meet those
!-

12 targets and address cost considerations at the same time.
.

I-13 Not;on the agenda -- we just learned last week that Mr.|:
!

14 -Chapman from England would be here. Mr. Chairman, I was

'

15 going to ask that if there was a few minutes, if we could
: i

t 16 following my presentation,-if he could talk about how they '
_

.

i - 17 actually implemented a_rish-based inspection program-on the
'

- t

18 UK Suomarine Program, taking actual inspection results and jp

-19' updating the risk assessment, makingilt a very living |

|- - 20 process. I think you would be quite -interested in a few '

p

]. 21; viewgraphs that he would have.

: 22 Finally, you will hear a prospective from ---Lloyd

|- . 23 Smith f is going to talk.about how he-has applied these- '

| 24' techniquec nL fcssil plants. You will get a perspective ~ f
!

. .

-

- 25 from-Mr. Chuck Tomes from the utility on how he views the

<
i

l~

|
'

_-- - - - . - - - _ - - - - . - . . . - - - - . . - - - . . . . . - . - . - - . - . - - - - - - . . _ . . -
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| 1- use of this technique and Mr. Wendlund on insurance,

2 ~ MR. SilEWMON: F1ne.

3 MR. BALKEY: I will close with that.
:

4 -[S1 ides.)
.5 MR. VO: My name is Truong Vo, and I am with

6 Pacific Northwest Labs-at Washington. In this presentation,

'7 I will addrous one of-the boxes -- ten -- addressed earlier
,

8 in the failure moda_of critical analysis. In this, I will

| 9 briefly go through: the_ methodology that includes the system
I,

_

; :10 prioritization and it follows by the component for
i

| 11 prioritization. I_will spend probably most of the time in
'

12 the pilot applications, and specifically I will focus on the

13 Surry applications,_ Finally, the concluding remarks of the

14 methodology-and the work to'date will be presented.

15 For our methodology we utilized the two step
!.
'

; -16 approach. -That is, at first we prioritize the systems using
:

| 17 the PRA results and it is followed by the component *

18 prioritization'for some selected systems. .Again, the PRA
h

19 information or the probabilistic risk assessment information-
;

L 20 in combination-with the FMEA and FERC analysis, techniques

21 will-be used to identify and prioritize the most riskp

mportant - system and component for further consideration.i22
L-

'23 Atithe cystem level-we used the core damage

! 24 frequency as the risk measure, and we developed the two
,

j 25 criteria for accepting our prioritization activities; that
> ,

N

9-. ,
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1 is the'Birnbaum Importance. It is defined as the,

-2- probability of the-core damage, given a system failuro. In

: .3 other words, studies the condition of probability of the
r

4 core damage given the total system failure,
i

[ '5 With that, we developed the inspection importance

6 studies. We will describe this in the next viewgraph. That

7' is, the product of the Birnbaum Importance in the system
.

8 failure estimated. Again, the Birnbaum Importance is the

9 core damage risk associated with the total system failure *

-1-0 and the estimated rupture probability for that particular
'

11 systemlof interest. '

f. 12 MR. KRESS: Pardon me. You say that the I is the >

13 change in'the-core damage risk.
.

14 MR. VO: Yes.
. .

. f

15 MR. KRESS: I fail to see how it is a change in

16 risk.. It looks like a contribution to risk, to me.
,

i.

L 17 MR. VO: I should say that is the probability of
i

1-

18 the core-damage, given that particular system. I should say

19- that.

| 20- MR. KRESS: It's not really a change. '

I[ 21- MR. VO: B a s i c a'l l y , the derivative of the total
.

22 ' core damage witif respect to the particular system failure --
-

,

! 23 I should say that contribution to the total core damage.- ,

+

| 24 MR. GORE: It's a change, in the sense of goir.g
e
i 25 from normal operation with the system in normal operating

|

L
t

_
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Il mode to the increase in risk when the system is assumed

2 failed.

3 MR. SilEWMON : Sometimes that'n called --

4 MR. GORE: The word changed in used here.

5 -MR. VO: At the component level basically, for the

6 most risk importance systems identified the further analyala

7 will.be' identified for the component. Again, the core
t

8 damage frequency is used as a risk measure and a failure

9 mode and FERC analysis technique will be used to identify

10 and prioritize the risk important component for further
#t

. 11 interest. The results will be calculate at importance

12 index, or relative importance for each component within the '

13 system selected for the study,

14 You will see a little more an 1 present the

15 results in the following viewgraphs.

16 MR. MICHELSON; You are doing all of this on

17 passive failure conditions only, and;once you experience a

18 passive fa'ilure of cource there are neveral-active
_

19 components; that, if they don't function.you are in-deep

20- trouble. Yet, that part noemn to be ignored in here.
|-

- 21 MR. VO: No.

22 MR. SHEWMON: It's-part of a PRA.

23 MR. MI CilE LSON : That's a-problem with PRA. For

.
24 instance, on reactor water clean up'on a boiler PRA ignores

25 it, because it says probability of the failure of the pipe

|-

I

,. ,. . , - - .-,.. . . . . - -, - . - . . ~ . . ,-
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-1 is_ ten to the minus five range, probability of each of the

2 valves will close is another ten to the minus three or four

3 each. As a result, it's a non-problem. In reality it

4 depends on whether those numbers are any good for the case

5 of the pipe break as opposed to the case of normal operation

6 of the valves.

7_ Those kinds of things just aren't in PRA

8 presently. That's why I thought we were going to get to it.

9 MR. VO: I think you probably it is much more i

10 clear for you_later on in the following viewgraphs. You see
'

11- application -- the Surry application. Hopefully, that will
,

12 --

( ) 13- MR. MICHEI SON: It will be clear later?

14 MR. VO: I hope so.
:

15 MR. MICHELSON: Thank you.

16. MR. VO: At a component level basically, again,

.17 ~ this is_the equation to describe the component

18 prioritization activities. Basically, the core damage

19 -frequencies for that particular component of interest-is the

20 product._ofLthe failure probability-of-rupture. Probability

21 is the' interest parameter in this analysis, multiplied by

summation of the condition of probability22 another-product --

23 of the_ core damage given the system. In this particular
~

24- case this-is the Birnbaum importance.
,

1
'

| 25 For a time, the condition of-probability of the

O

-- . .
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L 1 system-failure given the component failure basically we use j
|

2 the. fault tree analysis, fault tree results from the PRA to |
!

i 3 identify this particular parameter. We also include a 4

i
*

-4 probability of a recovery operator.
|

| 5 Again,' summation, basically we include the direct
|

6 factor is the failure of the system. Given a component we,-
|

. 7 -also include in the direct effect; that in, for the ;
- -

,

!-
f

|~ 8 particular component failure that could impact or damage the
L i

9 systems or. components and could create some core damage -- i

10 the room and including the vital equipment. I
e !

| 11 This viewgraph basically tries to address since- '

12 the PRA'normally did not address most of the failure

13- probability or rupture probability of some component of
1 .-

| 14 interest, therefore, I will elaborate this a little bit more i

:L
-

j 15 later on during my presentation. Because of lack of that
,

! 16 data-and historical data, it is not sufficient for use in
;,

!. 17_ our' analysis. Therefore,~we used expert clicitation as one i

!

L 18' of the methods to come up with our rupture probability for

19 our study. Again, we will discuss more this in the next few;

H2'O minutes,
j,

, 21 MR. MICHELSON: Is your rupture probability going
;

j 22 Lto be.for unit length of pipe, for instance?

23_ MR. VO: Yes, sir. IT-will be in piping segment-

24- -

25 MR. MICHELSON: -I f I have 100 feet of pipe with

h

I. ~ _ __ ;.-_.,__.__,____.._._-___.__..-.___._...._:-_....._.-_ ..;.__._._.,_._ _ . '-
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1 two locations where erosion / corrosion might be a possibility

I 2 and I have 1,000 feet in another case with two-cases, one
- i, -

i 3 case the rupture probability is going to be one-tenth of the |

i
[' 4. other? It's only two rupture locations, whether it's 100

S feet.or 1,000 feet, it's the erosion / corrosion points that i
'

;
1

6 you have to look at from the probabilistic viewpoint, not j;

i !

]
7 the_ number of feet of pipe.

8 MR. VO- Probably we will address that in the next

9 viewgraph as well. We haven't got there yet. We are still |
; 10- ~in the methodology now. j
i

11 -Let's talk about application of our studies. '
j-
i

| 12 Basically, our developed method had been applied first as
'I 13 part of Oconee study, and again for this particular study weg

14 addressed the complete system prioritization activities for |
;

i 15- that particular plant using the PRA results. We performed I
'

i

16 limited prioritization. As I discuss in a little while, we i
7

i

: 17 selected auxillary feedwater system as one of the systems
;

'

18 for
.

. .
j

i - --
-

- further_ analysis. The method had been proved to be' ;
f

19 successful. Therefore, we are looking for a generic
'

;
'

i
-

#

20o applicabilities. Therefore, we also selected some
,

; 21 representative LWR for further studies. .

22- Again, this study we could look at the system

j 23 ' level. Finally, atLSurry study, we performed a complete-
'

24 system prioritization and we also performed a detailed
i-
(

_

25' component prioritization. This study we will spend _quite a r

p)- :

\~ ;
!- |

|L
F !

,
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1 bit of time on this~and hopefully will have addressed _a lot
J -

c 2- of questions that_have been raised..

3 For_Oconee Study -- just flip _it over for results.
'

4- This is the results for auxillary feedwater system at the

5 oconee 3 plant. This viewgraph plot by the consequence

6 condition of probability of core damage versus the <

7 probability of. rupture of the component. I think the message'

8 of this viewgraph is basically as you see, the component

9- one, two, three and five it is relatively high it has--

10 relatively high rupture probability.

11 However, when they fail it makes a small

| 12 contribution to the total core damage. Again, the component

13 for that is the UST -- the supply line of the auxillary-

- 14 feedwater system. Again, when it fail it could disable the

15 total systems. Again, component seven, that is the suction

16 line of the auxillary feedwater system. Again, when it

17- fails, it could cause the total system failure. Therefore,

18 cintribute significantly toLthe-total. core darage.

19 - MR. KRESS: If the total core damage frequency was

20 on the order of ten to the minus four due to all causes,

21 would'you look at whether or not these things are worth

22_ worrying about? *

23 MR.- V0: Basically, the message -- basical'ly I
' '

,

24 provide-you with the idea for your further. performance of

25 inservice inspection at component. For example, .3ay what it
.

A._/ -

L
.
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,1 depends is address for' inservice inspection of the auxillary-

2 system for example say the UST supply line. Again, depending

3- what11t addressed and maybe the candidate up for further

4 inservice inspection. Again, I think the message you could<

5 use these results to strategize your results to perform the

6 ISI at your plant.

7 MR. MICHELSON: Clearly, in the case of auxillary -

8 feedwater if you should rupture the steam supply line in the

9. auxillary feedwater compartment where the turbine is

10 located, and if you then tried to close the isolation-valves-

11- -which will automatically close, you are going to have to use-

-12 the right probability of closure. It's not the. normal

(' / ) 13 operation probability closure. Now, it's one with several

14 times normal steam flows through the valve.

It's a .ew number. I don't know what the number15' n

'16_ is, _Unless you have test data you don't know either. It's

17 a considerably higher probability of failure to close than

18. it.would'be under-normal- operation. That has to be in your

19' PRA, -if you are going _to determine the real importance of

'20 the rupture of the main steamline that they had in the

21 turbine for instance.

22' MR. VO: Again, basically, this is just the one

-23 system we selected. I think I will --

24 MR. MICHELSON: It took the one system you

25 selected and the one example. That's very important in that

O
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1 system, namely now the ability to isolate the break. That

2 affacts core damage probability. The numbers presently used

3 in PR A 's 'a re failure in the ten to the minun three range for

4 those valven.

5 In reality, they must be much higher failure raten

6 as we have found out from the test programn no far on motor

7 operated valven.

8 MR. KRESS: You could incorporate that in your

9 uncertaintion along the horizontal access, it cooms to me,

10 if you knew that was a ponsible uncertainty,

11 MR. VO: That's right. Later on in the Surry

12 application I think that probably should go. Later on, I

13 think basically we plot the number for a nyctem we nelected

14 at Surry study we get uncertainty bands here and there. We

15 will get to it.

16 MR. MI Cll E LL '!i : To get that uncertainty band you

17 are going to have to have some idea of what the uncertainty

18 is.

19 MR. KRESS: Yes.

20 MR. VO: For this basically we just tried to an--

21 I mentioned earlier, we tried estahlich a generic cyntem

22 ranking among the U.S. nuclear power plants. Again, it was

23 not possible to perform the analysis for all nuclear power

24 plants in U.S. Therefore, we nelected a few representative

25 plants for our further analynin.

_ _ _ _ - _ - _ - _ - _ _ _ _ - _-__
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Ij. 1 The criteria that we selected for our analysis is
l'
| 2 based on the reactor vendors. For the plant types, the

3- -PWR's we included in the architecture / engineer consideration
i

i 4' .as'where'that is including the containment designs. >

5 Finally, availability of the PRA is one of the dominant i

6 important for our selection criteria.
<

! 7 Without going further in detail, these are the
g

[ 8 results of the these are the plants-we have selected for--

9 -our study. We selected Surry. That is, the Westinghouse,
,

i,

! 10 subatmospheric containment type. Zion, large dry,

11 Westinghouse design. Sequoyah, Westinghouse condenser. ,

-12 . Oconee, B&W large dry. Crystal River, B&W large dry.

( 13 Calvert-Cliffs, CE~1arge dry and the two BWR's, Peach Bottom

14 II and Grand G11f 1.

'

15 Basically, most of the these plants selected was
l.

|_ 16 addressed in the NUREG 1150 PRA's.

- 117- MR.-WARD? Can I ask-a_ question? You seem to have
|

'

| 18 -gone to some trouble to select different type of
! .-
' 19- . containments,-but your risk measure is core melt frequency. :,

!
' -

20 MR. VO: .That is correct.
a

21 MR.. WARD: In there really much significance then
;

22. 'in this --
.,

23 MR. VO: For some plants it is. Again, I might be

24 wrong, it bean quite some time for example -- for the Peach

i 25 Bottom the RCIC -- I believe their reactor core isolation

L :) ;C
,

I
; <

! :

i

'

!

.

!
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when aI believe when a containment fallure1 system ----

2 containment over pressure could provide nome back prennure

3 and disable RCIC I belicve. Therefore, containments for

4 nome plants may be significant c o nt r i b u t- i o n f or a core

5 damage.

6 Again, it has been quite come time -- I believe

7 one of the Wentinghouse plants has something to do with the

8 reactor cavities and could provide later on in the core

9 damage phase, could provide nome f.looding the core and that

10 type of measure. Again, that's why sometimen I forget

11 exactly what plant it was.

12 To answer your question, yes, the containment

13 design may be significant contribution to estimation of core

14 damage frequencien.

15 [S1 ides.]
16 MR. VO: At the cystem prioritization, again, I

17 indicated earlier we just addressed the nystem level only.

38 Again, we ranked the inspection importance. In other words,

19 the Birnbaum importance timen the rupture probability of

20 that particular syntem of concern. You noe the ranking.

21 Basically, first at the low pressure injection system. IN

22 general that agree among the plants for the high pressure

23 injection system. Reactor vessel prensure across all plants

24 rank that type.

25 Innervice water system, I would 1ike to say the

_ _ _ _ _ _ - _ - _ _ _ _ _ -
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1 worst for inservice water system as you see at the Zion

2 basically, it seems to be the outlier basically sends the

3 caus6 of the failure of service water system at the Zion

4 could cause the loss of component cooling water system.

5 - Therefore, create a loas of high pressure injection. system.

6 In other_words, you'get the loss of high head and could

7 contribute significantly to the core damage.

8 The auxillary-feedwater system, steam generator,

9 we separate ranking. We ranked steam generator separately

10 for our further -- for other purpose of that study for

11 reactor coolant system and power conversion-systems.

12 Basically, the message of you could get out of viewgraph in

13 that you.could use the results to balance-your resource for

14 performance of your ISI of your plants.

15- MR. WARD: The importance ranking is what you

16 called the Birnbaum importance ranking; is that what that

17 is?

18 MR. VO: Inspection importance. In other words,
'

19- the Birnbaum_importance times the rupture probabilities for

20 that particular system.

21 MR. WARD:. Okay, fine.

22' MR. V O :- You'have similar type but you don't have

23 it in the package.. You have a similar type of sketch like =

24 -this for inspection-importance. I mean, the Birnbaum

25 importance in that case, I think probably you.should see
r"

, ., m _ , - . _ _ . . _ _ - . . _ _ . . _ _ , _ . . . _ _ _ _ _ .. - - _ _ -- -- -_
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E 1- reactor pressuro.vossal should rank the highest. When you
'

2 fall the reactor pressure vessel the core damage is assured.
'

3 MR. WARD: TPat's a pretty interesting plot.

4 MR. V0: There is another similar type of plot is

5 for DWR's, and you do not have in the package. Basically i n >

6, general, you soo the reactor pressure vessel is ranked first *

?; and it's followed by the RCIC, the llPCI and I beliove that

8 service water system -- emergency service water systems.
'

9 Lastly, the power conversion systems.

10 Let's discuss about Surry applications. For this

11 particular application we performed our analysis in detail.
,

12 Again, for the four systems selected we will elaborato in a

13 .few minutes. Basically, we selected the Surry 1 for our

14 further study, basically due to the availability of the good
,

15; PRA information. That had been celected for several ongoing ;

16 NRC research programs for example, aging research program at

'17 the'NRC,. the risk program at the NRC.

18 With the results of the system prioritization'

and I presented earlier -- basically we19 . activities --

20 selected four systems for further study. .They are the
,

21- reactor pressure vessel, reactor coolant system, low

22 pressure injection system including accumulators, and tho-

23 auxillary feedwater systems,

24 This viewgraph. Kind of repeats the earlier one I

25 -mentioned earlier, basically the core damage frequency. We
,

_ - . - - . = ,..--c. . - ~ r w r , . - - , . - ,-s.--r= , e twe -, w n,. y. ,2-,m-, ,-m-r- -r-
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I
j 3 use-for1our ranking purposo and FMEA methodology will be

!- 2 used to rank the components. Again, we did the rupture
|- '

-3 probability for that particular component of interest and we

4 used expert judgment clicitation process for our analysis.

| 5 At Surry f or --
|

6 MR. MICHELSON: Excuso me just a moment. I am
|L
'

7- puzzled-by something here. You are using a PRA, of course,
,

|

[ 8 as the basis for doing this work. Why do you flip over to
i-

|
9 an FMEA for the risk laportant of components, can't you get

.

L 10 that from the PRA?
J

! 11 MR. VO: Okay. At first we used the PRA's. We

12 tried to identify and prioritize the most risk important

- 13. system. Again, I mentioned earlier that we used the two

14 step approach. With the important systems had been

15- identified 1we further used FMEA techniques to identify the

16 componen.t for-the component systems.

17 MR. MICHELSON: The component level is in the PRA.

18 MR. GORE: The reason for the.F"EA methodology is

19 precisely becauseLthe rupttre probabilities are not

20 contained;within the PRA, The PRA provides the information

21- to identify the conditional probability of core melt given

122 the loss-of the component. _The-risk is the product of

23 . rupture probability times-that. conditional probability of

-24 core melt. Those two numbers go into the FMEA work sheet

25 and are multiplied together to give you the risk then

i

1
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1 associated with the rupture of the individual components.

2 MR. MICHELSON: I am puzzled. Let's take

-3 auxillary feedwater, which is one of your examples.

4 MR. GORE: Fine.

'5 MR. MICHELSON: You have say 500 feet of piping

6 outside.of containment on it. You determine what you think
,

7 is the probability of failure per linear foot and multiply
,

8 it by the number of feet; is that what you do?

9 MR. GORE: Not quite. We take the expert

10 elicitation number estimated for the rupture probability of

11 pipe segments specifically identified on the plant drawings.

12 MR. MICHELSON: From weld to weld.

| 13 MR. GORE: That's right.,

14 MR. MICHELSON: Then you have "x" number of --

15 MR. GORE: You will hear quite a bit about the

16 expert elicitation process. We are not ignoring the fact

17 that it's not the --

18- MR. MICHELSON: I had asked earlier 11 you are '

19- doing it_on a per foot ~ basis. You_are doing it on a --

| 2 0f MR. GORE: I didn't want to break in at that time.

21- -I wasn't'quite sure --

22 MR. MICHELSON: It was quite a: difference --

23 MR. GORE:- -- what the protocols are.

24- MR. MICHELSON: -You are--doing it on a segment

25 basis,

u
,

I

|
l --- -> . . . - . - . .- - _. _ _ __ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ .
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1 MR. GOllE t vos.
.

2 MR. Micill:LsON : Why then do you nood the l'M1' A ? I !
!

3 know the probability of failuro note , because I have the I

!
4 number of segments and the probability por nogment. -

5 Mit . GOREt That given no the probability of loss j
:

6 of one of two or throo redundant supply trains nupplying aux |

7 foodwater.
|

8 MR. MI CllE LS oll t l'R A han tha t built into the |--

|

9 MR. GOltE t So, what we havo --

10 MR. MICllELSON : the coro melt probability.--

11 MR. GORE We re-analyze the fault tree for that

1 <. syntom is to datormino-the probability of loss of the antire

13 system, given lona of the ruptured component train. This in

14 the conditional probability of nyntem loss given rupturo,
15 which he montioned earlier.

I16 MR. M1 CllE LSO!11 You mean for inntance, -- '

17 MR. GORE: Total loss of foodwater --

la MR. MI cit ELS Oli t isolation valvos failJng to--

19 closer is that what you mean by a syntom lona?
20 MR. GOREt- Total loan of aux foodwetor, given lona
21 of the redundant train.

22 MR. MI CllE LSON : That'n in the PRA already.

23 MR. VO Yes.

24 MR. .SHEWMON: That'n what he in saying, it's used j
-25 in the pRA --

O
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1 MR. MI CllE LSON : I am asking what in he using a

f2 FMEA for.

3 MR. VO I think the key point of discussion !

4 baalcally I think becaune of the PRA did not address the !

5 rupturo probabilition of the componentu of interent to us.

6. Therefore, uaing the result of the PRA and then we broko ;

|

wo tried to incorporato or include the7 down for the --
;

8 rupture probabilition in that particular compor. ento.

9 MR. BALKEY: The other thing, the roanon you como
i

lo back-_to the TMEA, PRA will calculate the direct consequence

11 but thono cuys have gone with the utility and walked the

12 plant down to see what indirect effect may occur, which you

()13 !can't model in in the --

14 MR.. MICllELSON : I am talking about the

'15 incompleteness of the PRA.

16 MR. 11A LKEY : That!s right. So, they walked down

17 the syntoms'to got_the consequencon made up of a direct and
-

,

18 indirect portion.
;

19 MR. MICHELSON: If you are going to rafine that,

20 then you roally ought to includo the probability of _

21 isolating that-break an'well. The real probability of'it,-

22 not the used in the-PRA, because the PRA did not recognize ;

23 that you are under soveral times normal flow in thosa

24 valves. Bob knows all about-this problem. That's not in '

25 the PRA, and.you-have-to recognize that. '

O

_ _ _ _ - . _ _ _ _ ____ ._
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| 1 If you want to modify that --

| 2 MR. SilEWM011 11 0 han a comraent .

i

| 3 MR. GORE: I Will roger your nuggontions and

| 4 criticinms. We are in a pilot development of a methodology
i

| 5 and its firnt application. We have a rather modest reponrch
,

i !

j: 6 budgot. The few hundred thousand dollars that hap gono into
;-

! 7 thin offort has ylolded, I think, como resultn which you i

a t

| 8 will be very intorouted in.
!
; 9 Recognize that going back and reanalyzing and j

!

10- -taking apart the PRA'n in to change probabilition of |
|

'

11 failures of the activo componento in a non-trivial tank, ;
;

a

|- 12 which we would be delighted to addrons given that the !
I

i

13 methodology proven out and we are given the go ahead for '

i
j 14 future work. Right now, we are in the tailored serion modo. j

. a

15 MT. . MI CllE LSC11 : If you had a tru'y comploto PRA ,

:,

~ FMEAt is that your view?; 16 you wouldn't have the ,

d
.

17 MR. GORE: If you~had a completo PRA that went :
i4

! 18 down in the cutnet retained for analyala, three to four
.

19 orders of - magnitudo in probability which would put you into !

!

| 20 the many thousands of cutuots unfortunately, that r--

I -|
o i

'21 .information does not exint. So, we have developed this i
:

22 methodology as an approximation to incorporato the extensivo {
'

; i

| '23 investments in modeling theno plants reprenonted by the

| 24 PRA's to combino rupturo probabilition with conditional core

25 melt probabilition, which wo extract from the information in

.

>

1

: '

;

|- u

|
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b 1 the PRA.
!

2 We are not re-analyzing the PRA's except to
I

3 identify that conditional probabl2ity. But we rogor that i
,

!

| 4 you, we could go in there and further modify them once the

5 methodology is proton relevant and useful. j
i

6 MR. KRESS: The lenson those things don't show up

| 7 g000 back to the question I asked before. They don't add
|

!

j 8 significantly to the core melt probability; therefore, they ,

t
i

9 got climinated in the cutnets. !!

t

10 MR. GORE: That'n correct. When I make my |
!

L 11 prosentation on target risk, the whole objective of this i
!

| |12 oxorciso in to risk prioritize the small contributions to

b 13 risk which -- !

!

14 hR. KRESS: That's why you have to go back and |
t

|- 15 rodo the FMEA. ;

i ;

16 MR. GORE: Yon. Tho objectivo la to keep thoso |j

|- 17 riska down in too grass and cut of the PRA's. |

! t

; 18 MR. WARD- 110w , I undorntand. The pro *.'foun i

|-
i 19 interesting plot you chowed was, of course, only 10.* oach of

3

i !
'

20 those systomo only dealing for rupturo -- pressure boundary !
!

-21 ruptures-in-thoso systems and not for failures of activo !
!

22- componenta-in the system. That's why wo are working down in

$l- 23 this --

i
24 MR, KREss: supposedly the activo components como {

v|-
1 12 5- into that plot, because they show up in the condit'onal !

l- ;
f

i
- !

.

( -

;

-- - -
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;

!
!

1 probability of core molt. They are in there. !
,

!
2 MR. GORE: In nomo senso, yes.

|

3 MR . - SilEWMO!1: Let's go on.

4 MR. VO: I would like to address one of my

S concerns. Danica11y, thin in earlier viewgraph. The i

6 recovery probability operator -- it could include if_an !

7 ' operator failed to isolate the isolation valves, something

8 like that. Again, that would include i re that equat i'ns.

9 You have to point out in term ISI.
i

10_ At the component level basically, we have to -- ,

11 the Virginia Electric Power Company or VEPCO, they have to .

12 provido-us a lot of technical information for our analysis.

()13 Basically, at the beginning of the analysis we obtain a-

14 system drawings from the nito and we performed a number of

15 system walkdowns and tried to identify the potential targotn f

16 given the component failures.

17 For example _ failure of the piping segment of tho
,

18 _ auxillary feodwater syntom within the room at the Surry nite
:

19 _and could damage the vital electrical bus nearby or could

n 20. damage'the valves, or could create the potential flooding

21_ for that particular rooms. We had performed a number of

22 system walkdowns at the alto.
'

23- We used standard review plant 3.6.2 for
_

24 dotormining the indirect-offecta due to jet impingement of

25 fracturo in the system nearby.

-

.

E
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!

1 (Sliden.)
2 MR. VO This viewgraph basically addrenn the why |
3 do wo need the rupturo probabilition for our analysin, f

i
'

4 Danica11y, sinco the pipo rupture is generally excludod from

5 the PRA and they make a small contribution au compared to f
,

6 the risk -- compared to failure of the active componento. j

7 Por examplo, in PRA analyaic a lot of component rupture that

8 had boon included in the fault troo analysin -- however, at !

9 the final cutnet analysis in PHA they had dropped out

10 because at the PRA they had to kept up some cortain level,

11 for examplo, just anything loso than one to the minun nine

. 12 for example had dropped out from the PRA results. j
i

13 The consequence for rupture of pipe nogment had- .

|

14 been estimated from the PRA by conaldoring the failuro of ;'

i

15 the adjacent active components. For example, lack of flow :

16 due to tho' pumri or valve malfunctions failed to open or !
;

17' closo, that type of nature. 11ormally, the only rupture of
,

'

18 conaldoration for-a piping within PRA -- concidor for a caso-

therefore, again, wo used export19 of LOCA only for examplo --

,

,. 20 judgment clicitation.
|
' 21: This is the method we uned for our estimatop and

'22 rupture probability fc,r the system of interont to un.

23 Again, we basically should adapt the NUREG 1150 for export

24 judgment method developed for tiRC. Dacically there are eight

25 steps. Again, first the selection parameter for our

O
!

i,

!
_._._ ___.- __...__._._... _ ._ _._.. _._ ._.._ _ _ . - _ . _ _ . _ _ - - _ . . _ - - - ,
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1 I analyala, we are interonted in the rupturo probability of,

!-
2 the piping nogmentu or components depending on the systems -

I mean for example reactor pressuro vosnol we call the .3 -
_

s

I 4 componento wold or something like that. For other syntoma

| !
1 5 wo are interonted in the pipo nogmont. Again, pipo nogment

"

6 could include the pumps, the valvo, the T-olbows, flanges !
!

7 and other componento. |
|

8 on-the stop two basically in the selection of

9 experto, we had selected the -- we had chonen the export

10.- memborn from the utilition, the vendor, -the redoral
.

| 11 governments, employoos, and universities and no on and so

12 forth. Before the expert 011 citation really in conducted wo |
i

13 send the material to the export member ior their |

14 familiarization of the inuuos being addressed. |
t

-15 During the export workshop wo alno provide !

16 training. Again, the lant workshop had boon conducted last
|

~17 wook. Dr. Showmon was one of the memborn of our export j
i

10 panel.- We did not provido a training for our earlier |
r

19 workshop a couple of yearn ago but wo did for the lant |
i

20- workahop, and-it took place last week. !

21 Danically, for olicitation-did a face to taco
.

--

!

22 that clicitation'at the workuhop -- with the results, we :

!

-- 2 3 obtained we will combine and aggregate the resultu. Later, [

f24 we will-nond the material back to our export panel for_
!

2B potential review and revision. Finally, we document our |

:

,
f

{ }
-t

!

:

_ _ _ . _ _ _ _ . _ _ . _ _ _ . _ . . _ _ _ _ _ _ _ _ _ _ _
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1 results.

| 2 MR. KRESS: llow do you combino the probabilition
1

2 3 of failure that you get from a set of exports if you have
!
! 4 fivo exporta and have five difforont distributionn that aro

5 markedly different from each other, ordora of magnitude for
J

l 6 examplot how do you combine thoue?
I

! -- 7 MR. V0: Dr. Lee Abramnon had that and maybe 1

1 0 will refer to Lee for maybo explain it better.
f.

| 9 MR. SilEWMoll: Will this como later in the program?

10 MR. KRESS: If it will como lator, we can wait.

11 MR. ABRAMSoll An I understand it, thin

! 12 combination of the export opinion in going to como after

i 13- this project. It's what you do with it. 110 wever i t 's done,
f
j 14 it's very important to make sure that you don't that you--

l' 15 reflect the uncertaintion in the export opinion; that you

16 don't nocessarily try to got a consensun distribution.

| 17 3 think it's very important to do that. Ilow this

j 18 is unod, there are various ways of doing it, for examplo,

19 it was done in 1150 try to. reflect the uncertainty. 1
--

| 20 believe that is really beyond the scopo of this project, in
|. 21- what you are going to do with the export judgmenta. Right
)
! 22 now, all we are trying to do is to got the expert judgments
i

j 23 and to mahe sure that we are reflecting the__ full range of-
|
t 24 ocientific uncertaintion expresnod by them.
/

| 25 MR . - SilEWMOll: Tom, wan your question how you
!

i

I
|

!
il

.
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| 1 average thone things or what you do with the average after !

! 2 you have it?
! ,

|
3 MR. KRESS: llow you average them. |

: i

! 4 MR. SilEWMoll Avoraging, I think, you havo -- |
| t
1 5 MR. Vo: I think how you combino all the resulta, j
| 1

j 6 MR. Sill:WMoll s flow you combine ton exports, the .j
,

i 7 numbers.

.
8 MR. ADRAMSoll: What we are doing as far an this

|- '

[ 9 ' project is concerned is displaying the results in more or

10 loss standard box plotn. For-examplo, wo take their median f
I

! 11 or so-called boat estimaton and present those in terms of a !
!

12 box plot with the extremon shown and 25th and 75th !

( -13 percontilos shown,-as you n00 on the n11do thoro.
.

| 14 Thin in a description of what the exporta are i

it in not a combination in I15 coming up with. It doesn't --

:,

16 the senso that thin tollo un Wlutt we are going to do with !

i 17 them as far an' calculating in a PRA. You cortainly want to !
!

'

18 take account of the often very large uncertaintico that aro
,

,

!

19 demonstrated here when you try to actually put numborn in. ;''

!,

: 20 What that will do, of course, it will lead to largo rangos j
,

21 of uncertainty in your results. !
I i

122 MR. SIIEWMON: Okay, i
*

1-
3 23 MR. KRESS: I understand what they are doing now,

i. 24 I am not'nure I agroo that'n the right way to do it, but-I ]
:

.

.
;

25 understand it. !,
4

f

L i
i

i

8
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i 1 MR. SilEWMoll Let's go on then.
i
s 2 MR. MI CliELSoll: Did you uno export opinion ior

3 other than probability of pipo rupture?,

i'
; 4 MR. AliR AMS OH 1 We conalder that thoro are a lot of I
!

i 5 differont components that we asked some quantions about.
1 ,

[ 6 MR. MI CllELSON : Aukod quentionn about, relative to
'

,

a ,

7 their pipe prennuro boundary rupturo potential, or och other I

8 questions?
!

! 9 MR. ABRAMDON: I think maybe I would rather not --

10 1 am not that familiar with the specific quontions that
I

11 woro asked of the exportn.
i

| 12 MR. MI CilELSON : The chart he junt flached, of

13 .courso, was for prennuro boundary --

14 MR. .V0 : For our analynia, again, the paramotor of .

;

'-- 15 intorost in-the rupture probability of the component ;
,

i
.

only. Again, wo asked export what is .the; 16 interont
. ,

-

j
i

| 17- probability of rupture of that pipe segment por yonr. Wo
i

.

of tho optimates. In |

t

18 alao asked for providing the rationale
,

L ;

19 other words, why the member provido us that particular ;

i 20 results. f
I t

I

|
21 - To make that eight bullota, oight items.

22 Basically, at the expert mootjng export.olicitation workuhop |,

23 -- basically we provide the historical failuro data, what wo
[

24 could, and the data from other analysin including pRA j
i

| 25 results.- Also, additional information from the oito |

LO .
;
i

!

)
o
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!

I specific. Wo conducted an elicitation. Again, before actual

2 elicitation thoro will be a lot of discussion to ensure all !

3 the export member had the grasp of what we are looking for. !

!
4 Again, this viewgraph represents an earlier export }

5 workshop. That's not the laat one, j

6 [Sliden.)
7 MR. VOt This in the example of the renulta 1 put |

>

8 up earlier. 11a n i c a l l y , for the reactor prennuro vensol as

9 you soo basically, we provided as the box. This in extremo

'10 value of the export members provido un our results. The

11 lower end of-the 25 porcontile and the high end is tho 7S

12 porcontilo of entimation of combined results. The circle in ;

i
13 the middle, the median value of the estimaton. !

14 An Dr. Leo Abramson discupuod, we tried to combino

15 all export member into single value-tor our uso.

16 This in another examplo Again, you don't have

-17 this in your handout. This is the renulto. We had a plot
-

-

!

18 - quickly -- last export workshop last wook. 13a alca 11 y , it !

!
19 is aimilar type of the resulto. In thiu case wo looking for |

!
20 the-RilR the ronidual romoval nystem at the Surry site. ;

21 Again, this in the plot and the median in-the 95 porcentile

22 of the median cano. You do not have this in your handouts.

23 MR. MICill:LSON : Thoso export olicitation woro-for

24 .the several different syntoma of interact, including the

25 porvice water nystem.

O
p -

_ - - _ _ _ _ _ _ _ _ _
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1 MR. VO Yon, sir. !

2 MR. MILHELSON: In the cane of the nervice water i

i

3 syntom, did you clicit the probability of failure of large f

!

|. 4 metal bellows in those systemn, of which thero often aro? !

>
'

's MR. VO Could you repeat? I didn't hear laat

| 6 part.

7 MR. MICHELSON: Did you include in the prensure |
)

8 boundary for service water systems a posnibility that thero j
r

9 may be a large metal bellows that was to fall, and what its j

I'10 probability: might be?-

11 MR. V0: Yes. Wo includo from tho again, Surry--
;

l12 include fromothe suction aide of the canal through the
I

()13 dischargo side or other componenta --

14 MR. MICHELSON: Do you, by chance, recall tho
i

35 number that you got for probability of failure of a throo

16 foot metal bellown?

17 MR. VO: No, we had not done it yet. Basically wo

la did it last week .

|

19 MR. MICHELSON: You are going to do it? I

!
- 20- MR. VO: You. |

21 MR. MICHELSON: You haven't done that one yet. ,

!
'

22 MR. VO: No. Wo elicit l
--

I
23 MR. MICHELSON: Metal bollows will be included an ,

1
!24 pressure boundaries, even though they are not noconnarily

I

25 covered by the code. |

:
i

P

'

,

. . _ _ _ _ _ _ . ___.__ _. __
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!
| 1 MR. GO Ti t We have the raw data. We have not ,

i

'
.2. reduced or analyzed the results of the elicitation process.

| 3 It was finished laut Friday. We haven't nat down to analyze !

i !

| 4 the data. |
1 '

| 5 MR. MICHELSON: You understand, you are looking ;

I :

) 6 beyond ASME componento then? !
L '

[ 7 MR. GORE: Absolutely. This in a risk-based |
'

. . t

8 analysis, and we are_trying to follow the logical linen of i

9 inquiry.
i,

!
! 10. MR. MICHELSON: Thank you.
( !

[ 11 [S11 den.)
!

12 MR. VO: Again, this is with just plot for some. j
i

(
t13 components, that export clicitation we-conducted last week.

14 This 1, another one, as compared to our base case. This is

15 piping segment from the reactor coolant system through the ;

|16 first isolation valve to HHR, an compared to the first one.,

l ?

.

17 Again, you do not have this in your plots, j

18 Basically in the nummary, again for a system of ;

19 interested as I indicatad earlier,_they are reactor pressure f
20 vessel, reactor coolant nyntems, low pressure injection ;

f21 system and auxillary feedwater system. Based on this four

22 system the contribution of the component failures due to [

23 ' core damage ranging approximately one to the minus six to

p 24' one to the minus 14 per' plant yearn. Again, the median f
i

25 value. |

i

.

_ _ _ . _ _ _ - -
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1 The cumulative rink contribution wan estimated

2 about 2.1 to the minun nix, and we will show you thin in the

3 next iew ploto. The total entimated rink in dominated by

4 the tailure of the reactor prensure vennel. 13 a n i c a l l y , it

5 in 86 percent for the low prennure injection nyntem

6 componenta, ten percent auxillary feedwater nyutem, and

7 other componentn about iour percent.

8 This in the cumulative plot for all the componentn

9 within the four nelected nyutem. Again, an you nee here,

10 basically 1or come of them we detined that ior nome of them

for the reactor prennure vennel we defined the other11 --

12 components for other synten with the piping negment. An

13 example in for example nay the number nix in your handout.

14 13a n i c a l l y , you see low prennure injection nyntem accumulator

15 at the pipe segment between the accumulator dincharge header

16 through the RCS or reactor coolant nynten inolation valven.
-

17 That in including the valven and T'n and elbown and whatever

18 included in that piping negments.

19 MR. KRI'S S : Thone numbers correnpond to dotn going

20 from left to right?

2 .1 14 R . VO Yes.

22 MR. MI CliE LSoll : 11 umber one in the far left?

23 MR. SilEWMO!1 : 11umbe r orie 1o alno the 1 argent

24 increment, I think. 14 u m b e r two in the next largent, in

25 order that way.

_-__-_-__ - ___ - __
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1 MR. VO: Again, I'm not nu:e that the 37 in in

2 here. Danically there are 37 componentn. Again, pleane

3 keep in mind that there a:e more than 37 componentn. We

4 tried to group together the component at the nimilar

S charactorintics. Agala, we could extracted out to the levol

G of the pumpn and the valven and the welds.

7 MR. 141 Cill:LS O!J : In soliciting the expert opinion,

8 how did you handle nuch thinyn an the ponnibility of

9 eronion/ corrosion on the particular systemt wan that

10 included in their entimate of probability of fallure, that

11 they had to make nome kind of judgment an to the 1ikellhood

12 that could appear in that nyntem and no forth, and the

13 number of pointo at which it could occur?

14 MR. VO: Yen.

15 MR. M1 CllE LS O!J : That'n all in their exoert

16 opinion.

17 MR. VO: Danically in our expert elicitation --

18 MR. Sill:WMoll: The annwer in yen. Junt let it go

19 at that,
s

20 (sliden.)

21 MR. VO: Thin in another plot of our renulta.

we unnd thin22 Basically, later on I think Men and othern --

23 viewgraph to selected for component for further utudy to try

24 to develop no'o ntrategion for ISI. Thin in another plota -

again, I am not nure if that 10 37 in here or not.25 -

I _ - _ _ - _ _ _ _ _ - _ _ .. ___-



_

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

1-

i
t

i
j

|
,

! 74-

i
1 MR. WARD: It looku cloner.

2 MR. MI CilELS0!J : Apparently, nervice Wator vann't.

1.
; 3 in any of thoco --

! 4 MR. VO Wo have not those four cyntom of--

| 5 intorest, wo have not included corvice water system in here
;.

]. 6 yet. 11anically thin here again, not a block. Again, you j
.I

:I -
7- o00 that the reactor region in ranked first, followed by the |

1
'

8 other RPV componentn, low prosauro injection syntom, another j
i 1

9 RPV component. Lautly as you noe, accumulator auction lino, {
i I

10 that ranked last. ! Jot an entire block with the roaulta that |
!

11 we have. ;

;- ;

12 MR. SilEWM0!J : Go on. {
|- I

L 13 MR. V0: We alno performed a nennitivity and j

;- 14 uncertalnty analynis. Again, at thin time, very limited |
!

15 connitivity and uncertainty analynia han boon performod. !

j 16 Basically two--type of uncertaintion wo are addrenced. They

17 are the paramotor uncertaintion and the modeling !4

18' uncertainties.
_

19 We addroscod componont rupturo probability i

f20 uncertaintion. Romaining basically had been addressed in the
: ,

j_ 21 PRA. .Thorefore, wo have.not dono a lot ~of work in thin yet.- - |
$ 22 ~ Again, _ will be done, probably the Monto Carlo typo will be '

!

.23 addressed in our-future ntudy. !
*

;

;. 24 On the modeling uncertainties, basically at this i

! i

25 stage wo are also performed the indirect effact uncertainty- |
*

1
*

,

i

|- t

|

. .
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1 at this stage. Dasically, you do not have in the handout

2 basically the contribution to the coro damage. The indirect

3 offoct in ins i gni f: ican t .
|

4 MR. MI CliE LS ON : Are you going to look at human

5 error an wall as human recovery?

-6 MR. VO: That in included in here, and will be

7 addressed in the future udy,

i 8 MR. MICllE LSON : :!uman error includen also the

9 maintenance man who goon around and adjunta all the valvon

10 wrong and, therefore, none of them work?

11 .MR. V0: I bollove --

12 MR. MICllE LSoll: In there a umall but finito'

13 probability of that happening? I guean you didn't. I was

14 trying to find out where human error waa, and it was in that

15 human recovery action.
1

16 MR. Sil EWMON : - This includes maintenance orrorn
i 17 too. |

1

|18 MR. GORE: Human error in only included inasmuch

-19 an it was included in the PRA that did the initial analynia. !

|
20 It showo up in the conditional probability of coro molt, |

21 given-the rupture of the component,

i 22- MR. MICllELSON : If it wann't in the original PRA
!_ i

! 23 model,__thon_it won't be in your work.- I

b I
l' 24 MR._ GORE: Absolutely. We don't have funds to go i

|-
25 back and visit thoco --

([) |
:

! !

|

l
_.

.
I.
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1 MR. M1cilELSON: I just wanted to find out --

PI, A ' n . |2 MR. CORE: -- -

t

what was the neopo of the !3 MR. MI Cil E LSOH t --

i

4 study. Thank you.
|

5 [Sliden.)
6- MR. Vot This in another plot, the name type of

| 7 plot that you noo earlier, again with uncertaintjen bar. !
F

.
- - - |

8 Basically, uncertainty barn horo, and addronned using -|

9 differont rupturo probability estimator from export

10 .- judgment. In.other words, the circle in the median value

i 11 and this in the upper and lower valuou antimated from oxport '

!

12- workshop. In other words, 25 and 75 quartiloa. |

-13 lie ro la-another type of plot. Danica11y, tried to

14 -- Inter on we will be using this plot trying to addronn
.

|
L i

! 15 some of the targot risk probabilition. Again, you neo the !
I. \

f 16 mossage 10 all I can any in, this la basically the boltline )
:

17 regions in failure relatively high ruptura probabilitloa. .|j.
!e

| 18 Again, when that rupturo could mako big contribution to the j
i 1

| 19 core damage.

-20- MR. MICllELSON : The PRA'u that you unod, did they i
'

,

i !

21 all include the internal flooding offecta of'theno ruptures? |
:

22 It dependa on whether they did the PRA with or without I

!

| 23 oxternal eventa or with internal flooding. ~ Some do and somo -

i' ;

|- 24- don't. f
! !
| 25 MR. V0: In thin one they have. Again, for-our *

|O ,
,

I
;

1i
:_
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i
1 carlier analysis -- again, flooding in nome point of

| 2 internal events of internal plant, l'or our atudy wo did not

3 include external the flooding typo.--

| 4 MR. MICHELS0!J You didn't includo the connoquence
1

l

5 of the vator releano from the rupturo.

6 -MR. GORE: That's not quito true. As Truong

7 mentionod, we walked down the nyutems and identified the

.
8 potential offects of jet impingement on nearby activo

f 9 components, identified the location of motor control contorn

! - 10 - and other electrical components which would bo expected to

Il be impacted by~the ruptures. So, No did not totally ignoro

12 it.

()13 We did not try and go back and modify the pRA,

14 except for including this in our analynia.

15 MR. MICllELSON: When you did this then, you must

16 have taken nomo kind of credit for isolation of this. It
i

17- wasn't an indofinito event. It had to be' terminated, llow

18 did you decido at what point to terminato? Did you pick an

19 arbitrary number like 30 minuten or something?

20 MR. GORE We did not take credit for isolation,

21 and wo did not pursue this, probably to tho' extent to which

22 you wish we had.

23 _ MR .-_ MI CH ELSON : If_you didn't take credit for

24 isolation, you would be in very doop in water in como of

25 those instances.

O
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1 MR. GOliE t Cortainly, with the servico water
|

2 systems. !

3 MR. MI CllE LSoll t You. {
.

4 [Sliden.) !
>

-r
S MR. V0 With that, I would like to banically i

I
r

6 conclude the pronentationn. The methodology had boon !

7 developed and proponod. We have performed a number of pilot

8 studion for oconeo and.nomo representativo planta in tho
,

f

||
9 Surry_applicationn. _Again, much work will bo performed yet.

- 10: Again, the methodology had been included for ASME ;
;

11 rick-baned tank forco._ Later on, Kon will discuna morc !
I

12 about_the ISI and the otrategy of the ISI methods. That's ''

| '

13 all I have.
'

14 MR. SHEWMOlit Thank you very much. Wo will take a
:

- 15 break now, until ton minutou until the hour.
i

,

i 16' (Brief recono.) |
,

17' MR. SilEWMON: Fire, when ready, f
a

18 MR. GORE: I am Dryan Goro, from Pacific Northwest '

i

. remarks, I was
.

'

; 19 Laboratorion. Before I begin my prepared
!

- 20 moved by-a quontion rogarding-the difforence betwoon the-

21 offects of-activo component failures and the pannive

22 components which we are addrooning in this project. Tho- -

'

23 question was_put rather strongly to Mr. Donnak when_ho van [
q

2 '4 up horo. :

-!
25 I would like to roger that P!1L are currently- t

O ,

t.
t

b

%
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1 involved also with a renearch project with the probabilintic

2 rink applicationn l> ranch in which we are looking at the

3 i nnpect i on pr i or i t i;> at i on of active componento. We have

4 been involved in analyzing the Pl< A ' n for Ocanoe and Calvert

b Clifin and A !J o - 1 , to prepare rink-baned inspection guiden

6 addrenning nyntem and component importance.

7 in addition, we have been involved in preparation

8 of specific plant-npocific generic baned aux feedwater

9 system inspection gulden which have gone beyond the PHA

10 renults, and looked at upecific root cauneo of failuren

13 within the aux feodwater nyntem for a varloty of planto

12 looking at failuren of turbine driven pumpn and motor

13 operated valve failuren to tent under denign banin accident

14 conditions, the ettectn of condennate alugn in cold uteam

15 linen causing over npeed trip.

16 All of thene types of things are being addrenued

17 but under a very difforent project. We are not unaware of

18 them, it'n simply not the focun of our dincunnion thin

19 morning.

20 MR. MI Cil? 120!1: You won't find the right annwern

21 on that point by looking at the present date PRA'u. You are

22 going back and taking thone and given a new critical look at

23 whether the right numbern were used in the PRA: in that my

24 understanding?

25 MR. GO RI: : We are actually looking at, given the

_ _ _- - .___-_____ _ - -______ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ .. _
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1 identification of the probabilitien of failuren from the

2 PRA'n, what are the root caunen of thene failuren.

3 MR. MI Clll:LSoll: Maybe you minned --

4 MR. Golt E : The pump fallo to utart to run --

5 MR. M 1 CllE LSoll : -- my point completely then.

in not a real good indicator to a6 MR. CO RI: : --

7 renident innpoctor au to what he should be looking for.

8 MR. MI CllE LS oll : Excuse me. I think you minned my

thone9 point. The point in, if I look at the PRA --

10 inolation valven are no, never nind, becaune they are no

11 reliable. In raality, they may not be anywhere near an

12 rolinble an wo thought, baned on tent renu.tn thun Iar.

13 Therefore, you can't une the PRA to decide whether thone are

14 critical components from the viewpoint of risk or not.

15 The firnt thing you have to do in critically

16 quention whether the right numbern were even in the PRA.

17 M ll . G Ol< !: : I think we are talking about a proccan

18 here that we recognize, and we appreciate your comments, but

19 an 1 think was stated earller we are 1imited in the Delta'n

20 that we can une in the proconn. We recognize thin in a

- 2) mit,. We can take care of thene thingn in a later project.

2> 4 understand there are limitationn.

23 MR. SilEWMoll It'n better to do nomething than

24 nothing, maybe.

25 MR. M I CII E LM O!! : Or, better to do it wrong than



_ . . . . . _ ,

1 nothing.

2 MR.-SilEWMONt You may learn nomething to where you

3 .nhould look next. Let's go on.

4 MR. GORE Thank you very much. I wanted to alno

5 express my appreciation that you folku were curious enough

6 about what we are doing to invito un to present our thoughto

7 and idean to you. Wo welcomo your comments.

8 (Slidos.}-
9 MR. GORE: The question of target rink, target

30 ruptura probabilition is really a question of what in the

11 object of an inspection program. The Research Task Forco's

12 answer to that question is, to ensure that the plant risk is

()13 maintained at an acceptably low value that in npocifically

'14 the plant risk due to rupturen of prennure boundary

15 components, is maintained at an acceptably low value, namely

16 a small fraction of the rink which would be caunod by
-

17 failures oi the activo components in the human operating
18 orrors.

-19 In addrenning thin, we_are focusing on the rink

20 measure of core damage frequency due to internal events, ao

21 dotormined by analyn's in existing PRA's. It is the-namo

22 - measure which we uno for component rink prioritization, and

23- it allows the most direct comparinon with riska due to-

24 activo-failures. You can inspect the active and the passivo-

25 components and effect the failures of them.

O

__ - . -
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1 MR. WARD: fi ry a n , What 10 the bania of thin violon

2 for the program -- the firnt chart you want to maintain the i

3 risk due to. ruptures as a cmall fraction of the total riak. f
:

4 If I was looking at some nort of a grand strategy for

5 optimizing cost and bonofits, I guess I would say the

6 resources being cpont on this activity could botter be upont

7 on activities to reduce the risk from the highor |
'

8 contributors -- perhaps they don't need to be spent at all. j

9 HR. GORE: When you say cost and bonofits, you are

10 thinking cent and bonorits of renoarch program dollars I

11 guess I would_auggest that --

I- 12 MR. WARDt Not ju~t research program do11arn, but

,()13 oventually this is going to be tranolated into nome more

14' olaborate and more' expensive ISI requiremonta of plants, 1

15 guous.

16 MR. GOREt Thoro in more than panning hope that i

17 that may not be the caso. We don't know whether it is going
r

18 to require more elaborato and.more expennive ISI proceduros

19 or lens. What we are attempting to do is to purnue the :

20 logic of a risk-based program development so that we can i

-21 ovaluate whether or not it may result in either increase or

22- reduction of tho ISI requirements. It will also provido an |

23. opportunity to ovaluato oconomic rink right now, because we

24 are working for the PNL for the !!uclear Regulatory

25 Commianlon. Our work is focused on core damago frequency

O

,
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1 and the things that are nominally associated with the peblic

2 health and safety. i

3 The concept which we are developing in directly ,

I

4 applicable to economic rich an well au safoty risk. In j
!

5 ' fact, we have somo suspicions that a good economic analysin {

6 may indicate that the ISI rink important from a regulatory
i

7 basis may be less than the 181 needs that would be justified i

|
8 on the basis of improved economics of operation. In fact,

,

9 there are come articles in the literature which in fact j
- . !

10 indicate that. |

11 MR. WARD: I can coe that. I guous my quention in

12 probably really more addresned to Bob,-although your

13 statement of the objective of the program wao cleanly put.

14 It sort of olicited the question. Dob, you know, you guyn

15 and your part of the Agency have dono auch a terrific job ,

: :
'

16- .through the yearn that, when we look at the rich from plants

17 we can't blame hardly any of it on your discipline.
;

18 (Laughter.) j

19 MR. WARD: That's what it amounts to. You are '

20 asking that more of the Agency renources or some agency

21 resources be devoted to making sure that you stay in first -

22 place or down here in the noine where you aren't |

23 contributing to risk. Meanwhilo, the real-rink at planta in

24' from_how they are operated and how activo components
,

25 function.

p

! |

|
.

-l
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1 1 quenn 11 1 can kind of be a devil'u advocate

2 here and try to look at a big picture, I wonder why we don't

3 take the --

4 MR. ItOS!J AK : One annwer to your queation in that

thene are the pannive componento that we are5 an things --

they age and plantn get older; do we really6 talking about --

7 have a good method for maintaining the record that we had in

8 the past. I think Bryan annwered one of your quentionn

9 carlier with renpect to thene other arean.

10 The information comen fron pHA'n, and we recognize

11 the information in imperfect, an you have heard. But thin

12 in a procenn that we have tried to nettle on. The

f, 13 annumption that plant maintenance in alwayn 100 percent,

14 those are all the things that have gone into thin thing. We

15 Want to be annured that we ntarted out with 11Dl: rollability

it we can take that into account with16 back in the 1970'n --

17 respect to the plant rink, perhaps we are trying to make our

I do admit that we are trying to improve what wo18 program --

19 have and afford also -- thin i t, a renearch grant.

20 We are looking at not only in our own area but the

21 national interest an wel1. I think a procoon auch an thin

22 can be transferred to all of the other induntrien that you

23 have heard about and will nerve a tremendoun benetit. So,

24 it in not junt purely a limited renearch program. Thin .i n a

25 grant, but we think we are going to get a lot of out of it

_ _ _ _ _ ~ _ _ _ _ - _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ - _ - _ _ ____
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1 becauso wo started on this procoon about almost 20 yearn i

2 ago.

3 Maybe it'n not a perfect anuwor to your quontion,
i

4 but 1 think it'n the bout that I can givo. |

5 MR. MI CliELSolJ : But to mal;o thin thing work, wo

6 havo to moko nure that PRA's refloct aging offecto an well ?-

+

7 i
-

8 MR. DOS!JAKI And, they don't. <

i

9 MR. MI CH ELSo!J : or you will misa finding the right

10 -thing. j
I11 MR. DOS!!AK They don't.

-12 MR. MI CllE LSO!J What are wo doing to try to
'

13 improve the goodnoen of PRA in this regard? Unican wo do

14 improvo it, this procoun in very limited. |

15 MR. BOS!J AK This might be a--- this is a |
?

16 augger. tion that the Committoo makon. The shortcomings of [
;

17 PRA's, we have seen it in our procono. Since wo don't do
!

18 the PRA's, we are not ronponalble for then but we have to_

19 use them. !Jobody has really documented a lint of the

20 shortcomings. People havo talked about them. Thin could

21 'also be one of the renuits of our roccarch project hero.

22 .MR.. CllAPMAIJ: May I say something, Mr. Chairman?

23 Prom our point-of view, wo-havo-now just-put forward _ a

24 program to our safety reliability director. With regard to

25 tho amount of innpoetion, it increaned it by one porcent, f
i

t

I
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| 1 which is a very interenting job. With regard to the other
.

- 2' question, what hau boon very interonting in doing this work
i

I
L 3 la that where we have uhown where the probability of |
| i

! 4 f ailuron inay be concentrating in varioun aroan within tho [
!

j5 plant, that haa made our PHA people roaddroup much of the

I
6 work they have done.

7 There han boon quito a bonofit, cortainly from our ,

1

. t

| .8 point of view, from thin work. I van making the comment to

9 )<en a little while ago that for the first time over, we fool

10 that w are-just one stop in front of our PRA peoplo now

; 11 inntoad of four stopa behind them.
!

| 12 MR. MICHELSOll You real1y nhould bo bohind them. I

13 They should be leading and you are following through with --

'' 14 MR. Cll A PM All t I think I agree with that, but it's !
;

'1S quito-interosting that that has changed como of their j'

!

16 thinking. |
;

4

i 17 MR. . MI CilE LSOll: It's an iterativo process, I j
l I

| 18 _guosn.
i

19 MR. Cll A PM All It in.

! 20 MR. MICHELSOll think you are ahead.'

21 MR. SilEWMOli t Okay, onward.

; 22 MR. GORE: Moving right along. We suggest that an
| ;

-23- ISI program should bo-donigned-to hold the total risk of )

24 core damage due to componont rupturen below a value which in
| -' |
| 25 a small fraction of the risk, determined by the PRA_analynin ;

i

:
!

l

:[
,
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1 of internal events. We have postulated five percent an an

2 initial target risk value which seem reasonable and at least

3 worth considering but, in fact, which we may find is not

4 achievable as you will see when we talk about the Surry

5 results, which we have alreadv achieved.

6 MR. MICHELSON: A small clarification, 1sn't a

7 pipe rupture an internal event?

8 MR. CORE: Yes, it certainly ic. But what we are

9 looking at is the internal events analysis of the PRA, is

10 what we use in quantifying the conditional consequences of

11 that rupture.

12 [ Slides.)
13 MR. GORE: That's the target risk concept. The j

|

14 object of inspections of individual components is to hold

15 the likelitnod of rupture of that c o.np o n e n t below some
i

16 target value. So, to have a truly risk-based quantified [
'17 program, su have to tie that value back somehow to some sort

18 of a target risk. That's the little logical exercise which

19 I am going th" 9n ere.

20 In ordec *o tie it back, we have to determine a

21 target risk associated with each component. Once we have

22 that and the conditional risk given rupture of the

23 component, we can take the quotient and calculate a target

24 rupture probability for that component. How do we get a

25 target risk for each of these components that we have

|

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - .-
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| 1 addressed?

2 Somehow, we have to take our total risk which we {
i_ 3 have suggested shoulu be five percent of the total PRA >

'

p 4 value, and assign.it among the components which have been

!_ 5 evaluated. It seems eminently reasonable that this target ;

6 risk should be apportioned among the components in
. .

! 7 proportion to the estimated risk which each one represents.
'

, .

8 When we did this process-for Surry, we found the !!

! -

[ 9 somewhat interesting result that the total estimated rupture ;

- |;-
-

risk which was_shown on the slides that Truong put up j[ 10

11 earlier, is just about five percent of the total PRA risk'

12 that was calculated for the Surry plant. That's an
i

l' :nteresting fact because first of all, we only looked at i

I - ',ur systems and we had four more to do including high

l' icessure ~ injection and inservice water. Five percent may
*l' .

revisitL 16 tot-.in fact be an appropriate value. We may have to

17- what_seemed like a logical, although ad hoc, suggestion of- ;

18 five percent.

19 In any case, if we just-take the Surry results,

20 recognize _that the total estimated rupture risk is about

21 five percent of.the PRA risk, then that's our target risk

22_ which we need to define inspection programs to maintain. If

23 we-apportion that in proportion to the estimated risk, then

24 what that basically say is the inspection should hold-the - t

25 rupture probabilities of these risk important components to

C:) ;

,

r
'

- - - - . . = _ -_ _ - _.- _ _.. _ _ _ . _ _ . - . _ _ _ .-
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1 the values _which were estimated in the expert clicitation

-2 panel which-produced those results.
i

j.
_

3 When we started out the logic of developing this-

4 we didn't anticipate that we would find that one to one

5 overlap. We identified the methodology, and then were

6 somewhat surprised when we polled the recults in and found

'

7 -that~ result.-

8 MR. MI CllE LSON : liow do you handle the case wherein;

9 the total risk on a given plant-is extremely small to begin

10 with. You are still going to try to keep ruptures five*

11 percent of that extremely-small number and, therefore,

| 12' force-a lot of things to keep it that small?

| 13 MR. GORE: In the present situation, I suggest

14- that what we'are proposing is reasonable. If we manage to
,

15 stomp the_ estimated risk down by one and one-half orders of

- 16 magnitude, then it's quite reasonable that we-should revisit

17 this. _This is a policy decision that can be separated from
,

- 18 the methodology, the concept of risk-based inspections and
,

19 'so-forth, and can be wrestled with an appropriate number

. 20 determined.=

* z 21 It's just one piece of a much_ larger overall

- 22 puzzle. No, I am not presupposing that we'should

. 23 . i n o'rd ina te l y increase the inspection requirements if-we are.

i . 24- _able to further push down the risk associated with active-
!

'25 components.
1

)'
)
i

i

?
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1 MR.- MICHELSON: You haven't euggested any ceiling
;

j 2- though at this time?
|

| 3 MR. GORE: I don't think we are at a point at
a

| 4 which that's appropriate. We are still struggling to get
|

I 5 the first full application to the methodology and find out
I
i 6 what the logic tells us. Wo believe we found some things

! '7 that make eminent good sense.- They support the engineering
|
j. 8 analysis, they support a lot of the good senae that's in
i-

'

:9 ASME Section XI. We found some surprises, which suggest,

!

i 10 that maybe this isn't just a total waste of time also.

j 11 If this is the total risk associated with the

12 rupture of components, about two times ten to the minus six,

13 our five percent target risk is just about that value.

.14 Then, from a risk point of view, about two orders of

.15 magnitude in risk is where we ought to be concentrating our

i 16 inspections. These are the risk dominant components. If we
L

17- really focus on these risks, these components can move up

18' several' orders of magnitude. We probably want to do some
i-

| 19 sampling, to make sure that there is nothing untoward going
i

| 20 on.
|-

| L21 But it is these components from a basis'of risk,

| 22 that we ought to be focusing our inspections on. If we look
!-

-' 23 at-the Surry results, what does that te'1 us. The product-

i 24 of rupture frequency with conditional consequences of damage
i

25 is risk, and that's going-this way on the chart. Ten to the
,

L.

1
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1- minus sixth in risk is this'line here. Ten to the minus- j

12 seventh, eighth, ninth.

3 The reactor vessel beltline welds are the most

4 risk dominant components in the plant, by about a factor of

5 20. Below that, we have the beltline plate material, the

6 -lower and bottom shell welds, and the upper shell and nozzle i

7 Welds. This is not a legend. These are actual points on the

8 plot' associated with the conditional core damage frequency

9 of one. If you ha 'e a major rupture in any of these regions,

10 you have no longer a guaranteed ability to prevent core

11 damage.

'12 Right on the same risk line to the beltline plate,

13 we have the supply to the aux feedwater system, which also
!

14 at this plant is a single failure. It has a much higher

15- likelihood of rupture, but the probability of core melt is
.

16 basically the probability-of core melt given total loss of
-

17 the aux feedwater system.

18- In addition, we have several discharge lines-in

19 the low pressure injection system.and in the source and

20 supply forcit, and just for fun I included the core rod-

21 . drive mechanisms. There is really two points here, also the

22 instrument lines. You recall :the plot that Truong.put up,

. 2: 3 the-box and whisker plot from previous expert elicitation

24 which showed that the rupture probabilities of the beltline

25- welds were the-highest, there were a-variety of points, and

O
.
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1 then there were some outliers. That was the rupture

I 2' probabilities associated with the control rod drive

I 3 mechanisms and the instrument lines.
|

|: 4 They are up on the top of the vussel. So, we

| 5 assessed 1that they would lead to a large break LOCA, and the

6 conditional consequences of a large break LOCA are
I-
^

7 considerably-less because of the ECCS requirements for. low

8 . pressure injection and high pressure injection, the ability

9 to keep water over the fuel,
i

;. 10 These then, are the risk dominant components which
4

| 11 we have identified so far in our study of the Surry plant,
p

12 and to which we would suggest that a risk-based inspection'

13 program should focus primary inspection attention on.
,

14 We-acknowledge that a recommendation of

15 apportioning our target risk among all components in
:

16- proportion-to the estimated risk may not be best or most

17 workable in.all' cases. There are other alternatives, and we

18 are-going to have to look at them. For instance, you could
7-
i-

19 take the top ten risk dominant components and apportion the

20 target _ risk equally among them. I don't think that makes

-21 sense, but it's an option.

-22 'Likewise,-you mayffind-that there is some

j 23 component that is very : risk important or modestly risk

24 important, that you simply can't inspect adequately. -You

25 might allow that risk to rise and focus your attention on

l-

!
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1 other components such that you can push down the risk i

2 associated with those components. We will have to see how

3_ thing.i. shake out in further analysis.

4 In any case, right now we are sticking with our

5 recommendation of apportioning i t on the basis of estimated

G risk.
.

7 (Slides.)
.

8 MR. GORE: Here is what the Surry results would

9 look like if we took the basically two times ten to the

10 minus six' total risk, divided it by ten, and then assigned

11 that equally to each of the various components identified.

12 You.would have to inspect somehow very aggressively, such as

()13 to push the probability of rupture of the beltline welds way

14 down, but you could then allow i nspections of other

15 _ components to be relaxed if that turned out to be

16 Eppropriate or necessary.

17- MR. BOSNAK: I just want to-point out a typo on
.,

18 the abscissa on this one-and the other.one. The extreme

19- right --

-20 MR. GORE: Yes, that is meaningless. My apologies.
,
' 21' This type of an approach you see, comes back to the whole
|

I~ 22 concept,-is there a target risk.- What is the-objective of
-

23 inspection. If you can somehow say I am_ going to hold the

24- -total risk associated rupture'for this plant-to some value,

25 .then you have a rational method of approaching how you want

,

,,-n- ~ e - wm- -, +s, n y. - ,e m - -
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1 your inspection program to be designed and what it should

2 accomplish with regard to individual components.

3 In conclusion, I would suggest that this provides

4 a logical quantitative method for addressing the question of

5 how much inspection is enough, and whether it's more or less

6 as Dr. Ward asked in his question, I can't answer that. We

7 are trying real hard to find out.

8 Thank you very much for your attention.

9 MR. S H EWM014 : Thank you. I' r e d , are you next?

10 MR. D O S !1 A K : I just want to introduce Ray Art, who

11 arrived. If you have any questions about the Center, he in

12 a fulltime employee of the Center, and will be able to

13 answer those.

14 (Slides.]

15 MR. SI Mot 1011 : My name is l' r e d Simonen, and I work

16 at Pacific 11orthwest Laboratory. My presentation, I would

17 like to change directions a little bit and start focusing on

18 the aspect of inspection program development. So far, you

19 have heard how we have tried to identify the high risk or

20 important components in the system, how we looked at target

21 failure probabilities, and the question of how much risk in

22 enough,

23 This work is trying to relate those aspects to the

24 whole question of how do we achieve these reductions in risk

25 that we may want to du for these high risk components. I

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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1 think the important thing to always keep in mind, I think

:2 this program has always been looked at is that we are not

3. looked at to do more inspection but in many cases actually

4 doing less inspection or maybe no inspection at all on

5 certain things that are not really at all of concern from

6 the standpoint of risk but maybe they are inspected a lot by

7: ASME Section XI type code requirements.-

8 Other cases, there are things that aren't

9. ' inspected that are very high, like the reactor pressure

10 vessel. We have to maybe do.more effective inspections, is

11 what we are looking.for. There-are other things perhaps

121 like service water systems, where maybe there is no code

13 . inspection at all is being done. Maybe some kind of a more

14 minimum type of inspection is required.
,

.15 - I would like to say a little bit about the

16. objective-inspection program, how we tie in some of.the NDE

171 reliability data we have gotten out of our PNL program into

,
_ perform structural reliability assessment,18 this work; how we

' '

19' probabilistic fracture mechanics in this area, and finally

20 leading 1 1nto this question of how we end up with improved

21 -inspection in programs which Ken will talk to you a little'

h

L- 22 : bit about on using the decision risk analysis methods,
~

i

23 What do we mean by inspection program. I have

12 4 listed-the things-that really.what you need to answer if you
i

25 are going-to develop an inspection -- what are you going to
";

i

k

f
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-inspect, what vessels,.what welds, what pipe segments. Ilow1

4 2' many in the inspection, waat kind of a sample size do youi

3- need to get.the result you want. Even within the extent of
; .,

i
4 inspection, are you just.doing a surface examination, a

I
j 5 volumetric inspection. What kind of area you need to

! 6 inspect to find the degradation you expect _to find. ,

2 7 Inspection frequency, how often are you talking
i . )

8 about,.Once every ten years. Maybe some method that i r donci'

9 on an annual basis-that -- method of inspection, maybe somej'
10 cases just-a purely visual inspection will be adequate where

.11 in other cases you need to go to more methods like UT/ET,'~

12- perhaps even coccustic emission in some cases. ;
,

( ) -13 Finally, what is the reliability of che inspection

14 method.- What kind of probability of detection is needed. ;

I15 Before-_ going on, I would like to raise two points that Vic

16 Chapman has emphasized to our ASME group very-forcefully and I

17 I guess very often, the_ benefits of ISI really come|in two
i

18 areas.
'

i19 In-many cases where you have to look at ISI,-you
i

20 are not-really reducing the failure probability of the.

21 system but.what.you are really doing is, you think the
,

;

22: probability.isLlow and you are doing an inspection to get.
.

23- confidence that it is low. This would be considered just

! 24 something like1a defense in depth. In other cases you may

| 25 have situations where you don't feel your risk is where you

[ _ _ _ ,

, ,

;-
,

ki +e'wwe w w ._ ____-.ar-._ --,mmm._. ,,,.m, .,.m_.
.
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1 think it should be, and you are doing sufficiently rigorous

2 inspections to actually. reduce risk.

3 However, I always look at this in terms of, if you

.4 are-going to get either of these benefits you have to have

5 an effective NDE reliability program. If you have a method

6 of inspection, you are not going to find cracks. In any

7 case, you are not buying anything for either of these

8 aspects. You need a good NDE reliability-and you need an

9 overall program 11. terms of inspection-frequency in sampling

10 that.will get you there.

11 A'few years back in our program we had a. session

12 with some of'the NRC staff on just where we should be going

( 13 in inspection programs. Tney said maybe.the first thing wo

14- ought to look at is some of the data that has come out of

15 the inspections that have been done on plants over the

16 years, ILguess both to get information on where are the

17 problems.actually occurring in plants and where should we be

18 (doing an inspection, and alsonthe question of have these

19 inspections;we'have been doing to date have been discovering---

20 the problems that are occurring out in the field.g

-21- This viewgraph is a quick look at some data we

:22 pulled out of the NPRDS database. What we looked at was we

23 pulled out some data from what 1 call front line systems,

24 RCS/HPI type systems. We only looked at things like pipe-

|- |25 thinning and cracking, things that Section XI type program

I O

|
c - . .. .. - .. . - -. .-.. _ - . _ - -
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I would_ hope'to detect.- We have excluded things like ,

2 vibrational fatigue that might occur _in things like small
'

3. diameter lines.

4 We are looking at how well has been the current

-5 inspection program has been doing in discovering defects in-

6. piping. What we found is amongst the reported incidents in

7 this database, about 50 percent of them were coming out of

8- what I would call UT type examinations, Section XI type

9 examinations. There is a lot of them where cracks were ,

10 detected as incidental observations, which was leakage

11 observations.

12 -- If you look at the much larger set of data like

()13 Class 2 systems, we actually find _that the inspection

14 pcograms to date were maybe discovering something like 20

15- percent of the incidents, whereas things like incidental

16 plant walkdowns, finding leakage were the primary things. I

17 think'the message that came out of this was that perhaps the

18_ inspections that are being done on plants now --1

19- MR. MICHELSON: . Excuse me, before you' leave that

20 - slide.- The NPRDS syst'em, of-course, is purely voluntary,

i: 21 There-are various degrees of goodness in the quality _and

22 ' quantity of reports given-to NPRDS. Do you have any feel

-23 for how representative this particular sample is in terms of
~

24_ what i's going on out there? Is this an item that is

25 routinely reported-very well and in great detail, or is this

O

im _A__sw *w me-mium pu' N's w--t- *>-Pin-sew-r---+m-rrm -%ir-> e- agwanum y-sun-r T -p-ie-m 7 rm -+m -,7 1 y--,



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

)
,

1-

99=-
1

'

4

j l' an item-that is only occasionally even reported?
i

i- 2 MR. S1MONEN: We asked.that question, and the .j
.

t

I guess some plants may be reporting f>0[ 3 answer we got was --

4 percent'or more of their data and some maybe less than ten
l'
F 5 percent. |

,

6 MR. MICHELSON: Just in this area though I am t

i
~ 7 thinking.of, not their total. Some plants do very well j;

i ,

j 8 reporting ~some ' things and. very poorly reporting others. I ;
'

f.
9 was thinking of justithis area, which is---

.

! 10 MR. SIMONEN: I could only say somewhere between t

>

L 11 maybe ten to- 50 percent, the information. There are other [
!

12 ~ things we knew about already. j
( 13 MR. MICHELSON: You mean, ten to 50 percent of

14 these failures are being reported to NPRDS; is that what you

,: -- 15 are saying? :
,

,

16 MR. SIMONEN: .Yes. Our other question is, is this -

17 maybe a-good _ random. representative sample-of what could be
:

18: _ reported. -My;feelingfis that it.is probably a fairly.

19 reusonable sample. Some plants were fairly consistent --

20 _MR. MICHELSON: That's not a very large sample, in
,

21 terms of the_ tens of thousands of reports to NPRDS.
,

.22 MR.-SIMONEN: No,-this is_a very small -

23 LMR. MICHELSON: Extremely small.

24 MR. SIMONEN: hight.

.

25 MR. MICHELSON: But, I don't have a feel for all

'

,

|
!

r

1
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1 of the~ things that could have been reported in this area of.

f 2 what this sample size means -- I don't know the answer. I
- u

-3 thought you-had some intuitive feeling.

4 MR._SIMONEN: The total number was something like |
,

5 there was 400 reports on piping cracks, leaks, structural

6 -type failures in'these pressure boundary systems.,

7 MR._BOSNAK: Leside the numbers, the other thing

8- is the root cause often can't be depended on.

9 MR. MICHELSON: The key question that I had in,

,

10 mind was, are three percent of these events even being

11 reported or'are 90: percent; where are we? If only three

12 percent were reported then this wouldn't mean much.

13 MR. SIMONEN: We did leak at the there are--

14 things that we already knew araut that, that had been fairly

15 highly visible, and we did find a number of these things in

16- there.

17 MR. MICllE LSON : INEL has been monitoring that
i

18: system for a number: of years,_of course, and knew the

19 : shortcomings ofLit. I just didn't appreciate the

|I 20 shortcomings in this area, and I still don't.

I .- - 21' [ Slides.)
22 fMR._.SIMONEN:- NDE reliability. Recognizing maybe

i

L. 23 - the~ reliability isn't where we think we'would like it:to be,

'

24 what have;been_the recent trends. -I think there is, through-

25- our-PNL program and programs in Europe, there has been a lot
.

1
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1 more data available of just how reliable UT systems are,

2 current systems. We have comething now that we can start

3 working into our structural reliability models.

4 The other trend is the codes and standards have

5 been working to improve the reliability as practiced in the

6 field. This is the Appendix 8 type introduction into

7 Section XI. Given that this NDE reliability appears to be

the important thing from our standpoint is that8 improving --

9 if we are going to have an impact on plant safety, these

10 better NDE methods are going to have to be applied at proper

11 locations and frequencies.

12 Finally, we are looking at risk-based methods that

13 will use these NDE reliability data as input into structural

14 reliability models. To just give you an example of what

15 type of data we have to work with, this is some work out of

16 our PNL Round Robin inspection program, an inspection of
.

17 different types of piping. We see a big range of detection

18 probabilities. We see like the clad ferritic materials

19 where you get a crack about 40 percent of the wa" through

20 the wall, we have essentially -- this is a case wherc every

21 inspection team detccted cracks of this size.

22 We are talking something maybe 90 to 100 percent

23 POD in that range, where there is other cases, Cast

24 Austenitic is a well known -- I think you are probably well

25 aware that here is a material that you have a very, very low

__ __- ______________ - ____-__ _ _ _ _ _ -..
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1 detection-probability. What we want to do with this work

2 is,'given theso kind of detection probability curven, what

-3 can we actually do with that kind of_ instrumentation to

4 result-in-actually finding-cracks in operating systems in
~

5 : plants.

6 MR. MI CllE LSON : Before you go on to that one,-let

7L n.c ask,.these are-usually looking at heat affected zones ;

8 around welds and.so forth, this previous slide.

9- MR. SIMONEN: - That's right.

10 MR. MI CilE LSON : Some of our problems, of course,
-

11 have been with_such things as chemistry problemn, wherein

12 _you get erosion / corrosion. These are not necessarily just

-13 atsthe heat affected zone of a wold. We don't even do any

14 inspection in-these other areas necessarily.,

15 MR. SIMONEN: Exactly.

16' MR. MI CllE LS ON : That's all missed in terms of this

- '17 kind of an' examination. It-further increases the

- 18 - _ probability-you are going--to get a rupture by some amount,-

19 and I don't-know-by how much.

20 - MR . ._ SilEWMON :- There has been,_in the last couple

. 21 o f -- y e a rs , an_ active inspection program for-

122. erosion / corrosion, as you know. So, I don't quite

.23 Lunderstand why you say i nspections are never.done there.

24 - :M R . MI CllE LSON : llave not in the past but not-

25 traditional to do it, yes. First of all, you go do a

O
,

I
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$ 1 calculation to decide whether to look in that area or not. !

4 2 This certainly is helpful. This has all been going on just

'
3 in the last couple of years.n

r
i4 MR. SHEWMON: I nuspect these numbers were just

j- 5 obtained in.the last couple years too, though. |

| r

6 MR. SIMONEN: Right. The other curves for ;

i |

7 detection of erosion / corrosion, that would -- -
;

1

8 MR. SHEWMON: Let's go on.-

9 MR. SIMONEN: Yes, let's go on. 2

10 (Slides.)
,

-11 MR. SIMONEN: I don't propose to-give you a
i

l- 32 lecture on probabilistic fracture mechanics. It would take

13 maybe an hour to work through this flow chart. What I do
,

14 want to emphasize is what goes into one of these pipingi.

i- .

i 15 reliability analysis. Things that are important is the
'

16 initial quality of the weld, what kind of defects are
:

L 17 present in.a weld'or pipe segment to begin with. ,

18 There are-things of non-detection probability-for

4 19 the inspection methods, both pre-service and inservice
.

1-

20 -inspections. -Then we go on to factors that relate the

21 fracture mechanics. You need things like stress history, ,

22 ~ cyclic stresses, various operating transients,. pressurized-
,

23 thermal shock-for example. The fracture mechanics brings-in
,

~ hings -- this relates this to' fracture mechanics[ 24 t
-

25 parameters, material property data, crack growth rate*

:
;

,

|
'

I o

i
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l' information. The reliability is related to how well can we

L 2 detect-leaks in these systems.

{/ 3_ rinally, the bottom line is trying to detect what

- 4 the rupture probabilities and leak probabilities, and more
|

|- 5 importantly from our aspect, how-does the inspection program
|
'

6 have-an impact on these. We have done a number of studies

7 to get a feel for just how effective an inspection can be,

8. and I will show you just very quickly some examples of what

9 type of results and trends come from these works.

10 Here is a case where we are looking at components

11 of very.high leak probability over the course of an

12 operating cycle. This was actually a thermal fatigue

13. ~ example. We-looked at the situation of a given inspection

14- that occurs at-a ten year interval. One case, Case A, where

i 15 the failures are due to some initial problem with the
|

| _16 initial quality _of the weld itself. We f ii.d here that an

'nspection program-is not very_offective in detecting and(- 17 i

---18 preventing these_fallures. What would have been needed is a

19 Imuch=better inspection would have done the job.
;~

20 Here's a Case B, where we have looked at where the

21 failure rate is actually going up with time _due to an.-aging

L 22 = type effect, where the cracks maybe weren't even there-to-

23- begin with. We find the improvement in risk here. Here is

24 where_'we would expect to have a big payoff,_whereas we are

25 getting some age-related degradation.

O
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1 We have looked, for example, the high risk

2 component in our risk _prioritization appears _to be.like the

3 reactor vessel beltline. We can look at what kind of impact

4 different types of inspection might have on reducing the

5 failure rate of a reactor vessel due to a pressurized,-

|

6 thermal shock transient. Here, we see a case where we call

7 a' baseline case called no inspection. Here is a case, ASME j

|

8 code-minimum requirements going back maybe ten years ago |

9 would have done to the failure probabilities, and see |
g

10 there's a very little difference-in the probability of |

|11 failure for these two cases. i

:

12 Essentially, an inspection was doing -- having no

13 benefit.at all, as far as structure reliability. Here, we

14 go to a case where we are looking at what kind of inspection

15 probabilities we can get from a good quality near surface

16 examination-using ultrasonic inspection under ideal

17 conditions with-a' smooth cladding on the-vessel. What wo

18' see is, we are getting where we can expect to_ find maybe

19- nine'out-of ten-defects in this critical near surface

20- examination. We are talking about potentially reducing

21 failure probabilities here, maybe by an order of magnitude

22 by-aggressive high quality inspection program,
i

23 MR. WARD: The failure probability is reduced,

24 .because when you find-it you shut the plant down.

25 MR. SIMONEN: You shut the plant down, perhaps you

| ,

,
,

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

_



h 106
v

-1 do a vessel anneal. You have to do something.

2 MR.-WARD: Yes, okay.

3 MR. SIMONEN: Grind the crack out, maybe repair

4 it. We have looked also at a scenario of stress corrosion

5 cracking in stainless steel piping. What we have taken is

6 what we call her, a probability of non-detection, Three

7 curves that kind of represent where we think we are in this

a inspection area based on Round Robin results from our work

9 done on our NRC program at PNL. The poor inspection is

-10 basically what we found was done maybe ten years ago when

11 this stress corrosion cracking was really coming to light.

12 What we find here is people, even the crack half way.through

! 13 the wall, they had less than a 50 percent chance ofg

14 detecting that crack.

15 Good is what we feel is what the-better teams are

.16 doing, and the performance demonstration we feel is

17 .something that will ensure that the field inspections are

18 being done at this type of level, whereas you-are talking-

19 about a crack of about 20 percent--of the way-through the

20 wall you are detecting maybe only 20 percent chance ofo

|
L 21 missing that crack. Advanced, I guess, is maybe -a

22 projection into the future, advanced-technology where maybe

23 .something like SAFT -- if that's something that in the

24 future is-put in as part of the improved inspection

L 25 programs.- There, you get a ten percent a way through the

O

:
L
L
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1 crack and you only have one chance in ten of missing that

2 defect.

3 Now, how does this relate then to an impact on

4 actually the inspection. In stress corrosion cracking the

5 difficulty is that if you don't inspect and often enough,

6 you have a small crack and one inspection it is too small to

7 detect before you do the next inspection. The crack growth --

8 rate has accelerated, so the failure occurs between the ten

9 year inspection interval.

10 We used those POD curves there on the previous

11 slide and did a probabilistic type fracture mechanica

12 analysis to see what this does to component reliability. We

inspections which type13 looked at the poor inspection ----

14 of inspections that are going to be ruled out from the

15 current code requirements. We see that this extreme case of

16 doing 40 inspections over once a year, you are getting less

17 than a factor of one. So, this is really cost benefit-wise,

18 this -- you might as well not be doing any inspection at

19 all. It's not doing any good at all.

20 If you are talking like the current type of

21 inspection like four inspections per year, you are maybe

22 improving the reliability by a factor of two or more. If

23 you get an annual inspection interval, you are maybe proving

24 reliability by a factor of perhaps ten or up in that range.

25 If you look at the projected advanced techniques, then maybe

- - _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ __ _
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1 like four inspections over the life of the plant, the

2 current standardized 1S1 interval, then maybe you are

3 getting a factor of ten improvement in reliability.

4 MR. MICHELSON: Do those numbers assume that you

5 have a certain threshold of detection and everything

6 detected at that thresho_d in repaired?

7 MR. SIMONEN: Right. That's exactly it.

8 MR. MICHELSON: Then you move on to a few more --

9 MR. SIMONEN: Right.

10 MR. MICHELSON: -- cycle again,

11 MR. SIMONEN: In this case you are inspecting all

12 those welds that are susceptible to stress corrosion

13 cracking.

14 MR. MICHELSON: You have repaired everything that

15 exceeds your threshold of detection, there are some

16 arbitrarily small threshold. ;

17 MR. SIMONEN: That's right. That gives kind of an

18 example of what the structural reliability and risk

19 assessment models will do. This is a point in this work

20 where we are just kind of beginning. Now that we know what

21 some of the high risk contributing components are, we feel

22 now we know kind of what we need to address with these

23 models. They are not easy, inexpensive models to exercise.

24 We have limited resources, so we -- what we want

25 to do is address some of the high priority components and

_ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ - ____-___--_- - ____ _-__
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1 failure mechanisms as identified by the expert clicitation.

2 We are going to develop and apply these models to evaluate

3 what the impacts of alternative inspecticn scenarios are and

4 perform some parametric studies using codes such as the

5 PRAISE code which was developed by NRC research.

6 I will try to generalize the results, do some case

7 studies and try to generalize the results. The whole

8 outcome of this is to try to quantify the benefits of

9 inservice inspection. Unless we get some factor of

10 improvement from inspection, there is really no reason to

11 perform an inspection. The numbers from this quantified

12 benefits then will go into a decision risk analysis which

13 Ken Balkey will discuss, which is basically a kind of cost

14 benefit trade off type analysiu.

15 MR. SHEWMON: Thank you.

16 [ Slides.)
_

17 MR. BALKEY: Just to refresh everyone's memory

18 where we are in this whole process, you have heard from

19 Truong Vo on the risk-based ranking, you have heard from

20 Bryan on the target failure selection, and Fred just began

21 to talk about the quantifying the effects of inspection on

22 meeting target failure probabilities in inspection programs.

23 Notice that our process is iterative. We realize

24 that the first time through there may be things that aren't

25 right, and the concerns that have been raised are brought

_ _ _ - _ _ _ _ __ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ ____ _ _ - _ _ _ -__
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1 back in. The whole process is that this should be a
L- - -

| 2 continuing living process as times goon on. That's actually
|

[ 3 the process that Vic Chapman is implementing in his.UK
i-
|- 4 Submarine program.' What I would like to do is -- I am now
!:

L 5 down in'that bottom box. What I have here is another flow
|-
|- 6 chart that kind of expands on that bottom chart.
,

7 When you think about inspection program, what you

8 are dealing with are some very serious decisions that have
|
| 9 to be made. These decisions affect the safety of that
I

.10 - component'and also impacts the economic viability of
i

-11 - -operation of1that -plant. An example that I am going to

12 discuss now .in using decision analysis to integrate the

()13 models that Fred Simonen just discussed as well as PRA

_14 models-again that Truong Vo and Bryan Gore discussed, and

-15' ' fold that into an entire cost benefit assessment that

16 1provides failure probabilities to meet the safety goals and

17 to do an! economic evaluation to determine'the value of doing

18. .those inspections.-

-- 19 = 'The example that I am-going-to discuss _gets into

20 evaluating.how to evaluate an, inspection strategy, and I am

21 hoping I can save some time because'I would-like to have --

22 if it's okay with the Chairman -- Vic Chapman speak about,-

23 once_you do an inspection how do you factor that back into

-24 decisions.

25 When we put our Volume 1 document out for review

l'
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11 back in 1990,Tn) -spoke very little about the economic

2 impact. We received some very otrong criticism from
'

3 steering = committee as_well as independent reviewers, that

4 said that they felt if we just_ focused on the aspect of

5 meeting the safety criterion -- they thought we were remiss-
,

6 in not talking the economics. The economics of inspection

7_ are-expensive,-and the impact of not finding degritdation

8 resulting in unplanned outages is also very expens've. *

9 So, that's what we got Dr. Perdue from

;10 Westinghouse invo]ved, and asked him if he would help us in
,

11 ' integrating using these decision analysis modeln,
,

;

12 integrating the technical risks for safety risks with the

13 economic risks. The aspect of decision analysis actually

14 has been around for about 20 years in the financial :

*

15 ' community and business community,- but the aspect of

16 -integrating this with the tools that you have been seeing-

17' today that's now. That is where our research effort is

18 headed. In' fact, that's exactly the research-Dr. Perduo's

19 research group is_doing for ASME.

20 There is a collaborative effort between the two

21 research programs. In fact, a couple of the members, Dr.

-22 Abramson.and-Truong=Vo are members of Dr. Perdue's group.

2 3'- There's a little tutorial example that-is in the Volume-1 ,

.24 Lgeneral_ document, just to say how you choose an inspection

25 strategy. Essentially, wherever you see a square that means

_ _ - . . _ . - - _ _- , __
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1 that there is a decision that has to be made, and that you

| 2 have a control over that decision.

3 Where you see an oval or circle is a chance node.

4 That means you do not have control over that; it's up to

5 nature what will happen in that case. The decisions you

6 make clearly influence those chance nodes, and that's how

7 the decision analysis relates it together. In this simple "

8 example we have just picked a representative pipeline. In

9 fact, it didn't matter whether it was a nuclear plant or a

10 fossil plant or whatever.

11 There may be a current way that you are doing your

12 inspection. However, somebody may have come up with a new

- 13 technique to do inspection which maybe is more reliable;

14 however, it is more costly at the same time. Finally, maybe

15 because of inspections carried out there's a lot of push to

16 say that we are not seeing anything so let's stop the [
17 inspection all together. By not doing inspection there is a

18 cost associated with that also.

19 The way that gets folded in is, when you go to

20 each case of -- you choose your inspection technique, you

21 get into the questions Dr. Simonen raised. With that

22 technique, how reliable is my technique in finding that

23 degradation. With the current technique it may be 50/50,

24 With this new technique that is being promoted, we find the

25 degradation with an 85 percent chance rather than a 50/50.

O

|

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ '
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1 Obviously, if you don't inspect at all, you have no chance

2 of finding any damage.

3 What carries out is, if you do find some damage,

4 some repair replacement w l "J 1 be done to try restoring that

5 component to an adequate level of safety. In the case where

6 the inspection does not find the damage of concern, then you

7 reach the other chance node of what is the chance that

8 component will rupture or leak or whatever, with remaining

9 life over time. That is exactly where the structure

10 reliability models that Dr. Simonen discussed come into

11 play. In other words, these numbers are not achieved from

12 expert opinion, they are achieved by running through these

13 calculations. So, one can get a feel of the impact of

14 inspection on the probability of failure of that component.

15 Finally, if the component does fail then one gets

16 into a range of consequences. Here, we fold back into the

with that consequence something that is17 PRA to determine --

38 a minor consequence or something quite major. Given that

19 there is a tremendous uncertainty in that, we have reflected

20 it here in terms of cost, in series of range of cost of $3

21 million to $20 million, and we have assigned uncertainties

22 on the branches of that chance node. That helps to address

21 the question -- when I am on this particular component what

24 happens if my PRA in wrong. Dr. Perdue recommends that

25 actually you should try to in this evaluation -- we come

_ _ _ - _ _ _ - _ - - ___ - _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ - _ _ _ .___ _-
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| 1 back nto it -- as you try to span the range of uncertainty !i

I

--2 in that PRA1model-to-determine that maybe I am not
i

.3 calculating it-exactly right, it may be-higher or may be j

L 4- even-less than what I have in the evaluation.
|-

|
5- At any rate, at the end of these branch nodes.--

6 at the end-of each of these scenario paths there is cost
i

7 associated with it. You have the cost-of inspection, you i

|
8 have the cost of repair, and you have.the cost of having j

9 some accident occur within a given facility. Those of you

[ 10 who are familiar with probabilistic risk assessment, this is j
.

-
-

)
[

11 essentially ~an event-tree. You take the probability along
.

;

{12 each scenario path and then multiply it by the total cost

13. with that path, and.you get an expected value for that i

14. particular path.

15 What is of interest here with the decision
,

L

| 16 analysis, you also get the safety information out-when one
3

!
.

-

[ 17 . combines-the probabilities through the path where failure
,

|- .

does' occur and you have a range of consequence, you can look
.

[ 1 48 -
-

~;
: .

| 19 at the scenario failure probability and-determine how well '

-

L '

[ 20 does-that' probability match the targets that Dr. Gore talked -)
t- '

:21 about. !

.22 You can see'with this' hypothetical example that-

|; 23 'the. current technique -- we have a failure probability of p

l' L24 five and 100 with, when;we add up all the costs associated
i

25 with it, S532,000.00 per year. When-you go to the new j
,

f' I
!

- :

!
!

L
3

!-
_ _ _ _ _ _ . _ _ _ _ _ _ _ ~ . _ _ . , --- _ _ _ _.-. - . _
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I technique we get a lower failuro probability, and because it
'

2 holpa to lower also thingn that may affect leakn that--

3 might hoop a plant down but are not'ronult in any throat to

4 the public -- that actually you have a cout navingn in t ho

S long run by going to that more advanced technique. You will

6 find the damage and koop yourself in a more rollable nodo. |,

.. i

7 Finally, the anpoet of not doing any inopoetich

8' resulta .i n, the highest failuro probability but also tho j

9 highest coat. This in junt a aimplo examplo. What I would I
.

10 like to do-now in go in through an actual example where wo |

|

11- choso low--pronouro safety injection line which in one of the

12 high rink nogments identified in the Surry work and try to

13 work through this process, kooping in mind that we havo

14 Section XI atd all the costs folded into a nucinar examplo.
!

15 The first thing that is dono, before the decision

16 tree is put together, a bluoprint has to be made up to i

'otormino how all the uncertaintics both tochnical and .d17
t

18 oconomic, influence one another. The tool chat is used for,

r

19 that 10 called an influence diagram. It actually begina-

20 from the right and working back to the loft.
.

21 The first thing in the bottom lino in terms of the

22 ovaluation from coat bonofit in, what in the present value (

23 of each_particular inspection strategy that we want to !

24 ovaluato.. First of all, this chart here la not a f. low

25 chart, it's not a, port chart. It's an influence diagram.

O ;

<

- . - _ _._, _ ..-__.~._.__..-.---,_m-- _ . _ _ _ _ . . . - . _ _ , , - - - . , - _ . , . . _ . _ . . _.,_,,m,m.-._.,.. ,,_---r-
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1 So, wherever you neo an oval, that in an uncertainty. When

2 you see an arrow going from one oval to another oval, that

3 meann thnt the uncertainty about that particular variable

4 influencen thin varlable.

5 1:nnentially, it workn back here. You noe working

6 back through the prenent value of ctrategy conto, you nee

7 the impact ' innpection cout itnolf. There in replacement

8 power conto, not only for carrying out the innpection but if

9 you do get into finding indicationn or damage, you have the

10 whole range of impact on outage for evaluationn, repairn,

11 replacemento in that economic model.

12 Where the technical part comen in, in in the

1f wo do have an accident connequential13 iniluence of --

14 cauned, and the ancertaintion that influence it are in our

15 cane core damage. The uncertaintien that affeet core

16 damage, of courne, get into nituationn in piping where you

17 do get breaku before a leak. 110 w , you can work all the way

18 back to how that in affected by the ability to detect a

19 degradation that may be going on.

20 Finally, you work back that the inopoetion

21 ntrategy which in a decinion node influencen the ability to

22 detect, and it alno iniluencen the cont of innpection. It

23 also influencen how much outage will be impacted an a renult

24 of the strategies that are looked at.

25 from thin blueprint, in fact, in doing thin

_ . _ _ _ - _ ____-______ -_____ _ _ _ - _ .__-_
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the effort in just getting .I-1 evaluation more than one-half

2 this bluoprint to be correct. Decause if the influencen

3 aren't correct, then you will have orrors through the rent !

4 of the evaluation.

5 MR. MICHELSON: Excuse me. The consequential cont

6 is the cost to the public?

7 MR. BALKEY: It's the i
--

!

8 MR. MICHELSON: Damage to the public. !
!

9 MR. BALKEY: It ranges, yes. On that particular ;

I

10 one, yen. It-in-damage to the public. -

1
,

| {
11 MR. MICHELSON: Where in the damage to t.'.e plant -

12 -itself in your own economic investment? !

()13 MR. BALKEY: It should work back, ;

'14 MR- MICHEhSON: It sayn Price Anderson boaldo it,p .

f. 15 which is not
:|

--

16 MR. BALKEY: That's a public cost there. i

|

17 MR. MICHELSON: -- identifyir.y the owner, I don't j

,f18 believe, or his loss of_ capital equipment.
t

-|19 MR. BALKEY: Replacement of power cost --

.i
20 MR. MICHELSON: That's not the only coat. j

L21 MR. BALKEY: That's right. It's folded in here,

22 Your accident can impact -- there is a. consequence to the f

23 public, but it also is in thin uncertainty here of f
f

24 replacement-power costn-if you have an accident occur. The -|
t

25 question that is being asked is, if I have coro damage there t

,

i

f

i

l .i'
b_--__...__.__,...

. ..

-

.
-
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1 probably nhould be en arrow drawing up to here.

2 MR. M I CilE LSON ! Roplacement of power goon on for a

3 porlod of time, perhapa, until you build another plant. You

4 have lont that capital value of the plant that wan involved.

5 Somewho.'o, it han to be in the accounting.

6 MR. WARD: I would have thought that was your ono

7 down there meant --

8 MR. MICllELSON It says Prico Andornen.

it says given Prico Anderson. !9 MR. WARD: --

10 MR. M1 Cll L LSON t- That inforred to ma that maybe

they were only consiloring the Price11 that was only the --

; 12 Andernen in aspects.
,

13 MR. WARDt I thought it uvant they only had to pay

14 for what Prico Anderson docan't pay for -- I mean abaorb.

|15 That's not the --
i

; I

16_ MR. MI CllELSON : Including their own loss of |
i

| 17 capital equipment. i
. -

18 MR. WARD: So, the public -- '

' 19 - MR. M1CllELSON: It could be. That'n why 1

20' wondered where it wan, i

!

21 MR. WARDt The coat to the public is something :

!

22 separato from thin. j

23- .MR. MI CilE LSON That's'Why I wondered.- It la in

24 there though. !

'

25 MR. BALKEY: Lot me go through the examplo and we

O !

:

--e-.-.-_ _ _ _e--___ _ _ _ _ _ _ _ _ _ _ _
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i

j 1_ will soo if it in. Now, you can 900 the decision troe for |
I f

2 this example la much larger of courue than the simplo
'

3 tutorial troo that was in the Volume 1 document. Of cource,

4 those chanco noden, they -- of courno, thin tree explodos |
|

5 out an you como across the troo.

6 You can 900 your choice of inspection impactu the
i i

j 7 chanco -- what's the chance there in a crack to bo pronent. |

|- 8 What is the chanco that crack may bo larger than the current

|
9 ASME acceptance standard. Then, you got into the chanco

|
10 that the inopoetion-will actually detect it, what in the

11 chance we are going to get into repairs, of courso, heop |
i- !
'

12 working across the path until wo do got-into the major j
t

13 radiation release. In each case there's an outcomo |

14 oconomically acrons each of that whole expansive troo. ,

t

I
! 15 The input that goon into thoso chance noden, we
i

| 16 had for our example the technical uncertainties that one has
i- :

[ 17 to address. I should any we choso the low pressuro nafety ;

!
}
p 18 injection but even in our Volumo 2 document this 10 otill l

i

19 for illustrativo purposen. The group in our next phase in

20 going to be going back and actually going back onhancing the {
f21 numborn. We aro just trying to go through to demonstrato i

- - i

|- 22 how the technology ~ links the tools together. !

I I
23 Essentially,-you can work 1down each of tho ;

,

. 24 probabilities that have to go into the tree. But what I f
1-

! 25 wanted to note was that to got those probabilities, the !

,

i

! !
L t

V -t
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a large leak or a large b re ,); before l e a );1 probability of

2 that, that comen from the ntructure reliability model. The

3 other thing that comen from the structure reliability model

4 in the anpoet that the decinion analynin needs a chance

5 node. Yen, I will find it or no, I won't.

6 We know that there can be an entire range of flaw

7 nizen that may exict. Or, i! we are talking about wall

8 thinning, there in %+ < . ''nca of flaw n i .t e n that may

9 impact the integrity ; f t ,' i UC ronont. What in done in, wo

10 une the ntructure reliabilLty model that, if I do the

11 current AS Ml: inopoetion wi.h the current UT, the ten year

12 interval with the pertornance qualifleationn that are done

13 for the people who do that innpoetion, we take that

14 probability of non-detection curve into what Fred Simonen

15 discunned and calculate out a fallure probability and end of

16 life.

17 But then, we back calculate through the

18 distribution of detection to get a ningle value that can go

19 into the decision tree, So, it'n a procenn where you une

20 the tool to work it forward and back out, and average

21 detection probability that goen into the decinion analynin.

22 You can see that with the current technique we are sayit'.9

23 over the life of thin example, the life of the plant, there

24 in a 67 percent chance of detection.

25 You can noe that it I double the frequency, if I

_ _ _ _ - _ - _ _ - .. -_
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1 would go-in overy five yearc inntend of every ten, it

2 greatly enhahces the inspection -- the probability of
:

3 detection. Finally, if 1 inopect every 20 years it drops

4 down in reliability. Then, if we look to the future to ,

5 improve the 110E techniques, you can utart looking at nome

!6 very high rollability numbern in detecting degradation.
;

'l MR. MI Clli:LSoll Excuse me. I am a little puzzled. ;

f8 If I have a given net of flDE equipment, it will dotect a

9 certain 10ak size with high probability of nuccosa. But, if
I

10 I double the frequency with which I do thin, why does that !

!

11 change thin conditional probability?

!12 MR. BALKEY: Becauno --

13 MR. MI CllE LS oll t I still have the namo equipment !

14 and name threshold of succosa. I am junt going to find !

I 15 whatever new one is generated betwoon the last time I looked
,

L

16 and the next timo I look. {

17 MR. DALKEYt- I am going to borrow one of Dr.,

18 Simonen's viewgraphn here. Ennentially what happena in,
_

19 degradation in occurring over timo. 11 you are going in at'

.

.

20- ton years the degradation will have had a-chance to advance
J

21 to a cortain level. If one goes in at five years -- we are
'

22 -saying-_here, if I don't do any inopoction the degradation is

23 going to continuo, and it will result-in some failure
. -

L 24 probability,

25 I see what your point is --

C:) .

t :

:

;

'
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| 1 MR. MICilE LSON : You are going to double the
|

2 frequency, that's all.

3 HR. BA LKLY : You are doubling the frequency. You
;

4 haven't changed the accuracy of it.
i r

i- 5 MR. MICllELFON : That's right. *

I

h 6 MR. BALKEY: But, I need a single number to go
|
'

7 into the decision analynis. As I said, what I am doing is, '

[ 8 I fold in-the entire' probability distribution of cracku that
I

'
9 may be present, and I go over the entiro distribution of |

| [
lo- probability-of finding thoco different flaw nizes. For no

'

11 inspection, I have an end of life probability here. If I do {

| - 12 an inspection overy ton yearn my probability may bo here.

()13 Five years, here. Ton years, here.

14 In other words, you will affect the failure

15 probability with the frequency. 11ow , I back calculate out

16 and affect a detection of finding that degradation over

17 time. It's just a manipulation of the model in order to get

f18 ~~

19 MR. MICHELSON: I guess it all ccmes out.
5

20 MR. GORE: I think it's relatively ;

21 straightforward. Basically, you are assuming that the

22 initial crack distribution grows. When you look at timo i

!

23 zero or time ton-years, you will get maybe nome of thoso .!
>

24 scracks. You have a cortain probability of detecting -- f
i

|25 MR. MI Cl!E LS ON : Finding them at --
,

1
_ ___ _. _ ______-_ __---__--
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1 Mit . Golti: : If you wait another ten years beiore

2 you look again, thone crachn may grow to critical size and

3 you may get rupture. It you look after five yearn, the

4 crackn may have grown to where you can det ect them uuch more

5 reliably, no that you can intercept the crack growth and

6 make a repair.

7 14 11 . MI CllE LSO!1 : The annumption in, you intercept

8 thone at five yearn that you can detect.

9 tilt . G0)(1: : Yen.

10 MIt . M 1 Cill:LS oil : Waiting ior ten yearb nomehow

13 changen the --

12 M it . S il E W M O !1 : Ten yearn, nome of' them may have

13 ruptured.

14 M it . MI CllE LS O!1 I gueno that'n okay. Thank you.

15 MR. II A LK E Y : Dome of the cont !actorn that come in

16 in the cent of the innpectlon, and you can read through the

17 viewgraph. In termn of innpection contu -- what goon into

18 direct cont here in, of courne, the pernonnel, the t ra i n i nct

19 of pornonnel and buying the equipment. But the man-ITEM

20 exponure cont alno gets folded into that an well. Want to.

21 make that point clear, that that han to be involved.

22 of cource, if you !ind indicationn, you now can

23 start impacting outage timen and there in outage timen for

24 doing repairn. If you get into leahn or breaks, thin in

25 where the impact on the plant comen in; that, if you get
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!
1 into nomo type of largo break, then thoro could be a very

2 nignificant tino that the plant may bo out of nervice whilo

! 3 the repair in being carried out.
A

1
'

4 MR. MI Cit E LSON : The assumptica alwayn in that you

| 5 had to chut down for nome other roanon anyway, and 90
i

; 6 thoro'n no coat of nhutdown in your inspection.
i
'

? MR. DALKEY: It in in thoro. Ily the outago timo,

i

j 8 the cost of shutting down, the utility is out of nervice ior
: !

9 a significant amount of timo at a replacement |
--

10 MR. MI CllE LS oll : You didn't annumo it wont out just |
:

11 for this purpono,-out of nervice for thlo purpose.

12 MR. ITA LK EY : It in annumed that it in going out of

| f13 --in other wordo, if I have a leak --~if there lo a leak

14 occurring in a ple.nt and it in discovered, you are g'olng to f

15 bring the plant down. |
t
+

16 MR. . MI CliE LS ON : Then you are obviounly out, but I
'

!

17 am talking about routino five year, ten year interval. You i

18 do it, whether thoro's a leak or not. ;

!- 19 MR. WARD: 2nopection. f
!

20 MR. MI CllE LSOll Yes.
!

21 MR. WARD: Inspection time. -

2 -2 'MR. MI CllE LS oll t Doon the coat of innpoetion

23 include the down time,-or how do you factor- in down time,
i

24 sinco you probably are doing a lot of other things and that
1

25 wasn't the reason you came down oven. ,

9 :
i

,

'
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1 14 R . BALKEY: I will give an example, and I will

2
look to my colleague Chuck T c> m e n who in an ISI engineer at

3 Winconcin Public Service. Ennentially, you make your

4 inupection plan, no you try not to iripact.

S liR . til CllE LS oll : That #n right.

6 14 R . BALKEY: Let'n naying employing the ability of

7 a new technique, a new technique that may require a longer
in fact, we have it in the

a time to portarm the inspection --

9 model for example that thin in an incremental outage for an

10 improved 11DE technique. In other words, we are now going to

11 impact critical path. We can't iit it in. The plan junt

12 doen not permit un to put thin technique in, and it in going

13 to keep the plant out one more day. That'n a cont that

14 becomen very important.

15 14 R . 141 CilE LSO!1 :
A day of down time in attributed

16 to the coat then.

17 14R . BALKEY: That'n right.

18 14 R . 141 CllE LSO!1 : Thank you.

19 14 R . B ALKl:Y : Then, of cource, the economic

20 analynin in done over the life of the plant and all the

21 financial numbers have to be brought back to p re ra e n t value.

22 We have annumed a discount factor of four percent.
In fact,

23 the numbern we have here are not fictitioun.
We have talked

24 to utility engineern that give uc come numbern to ntart with

25 for cake of example.

. _ - _ .
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1 Horo, if you got into those largo releanos, the

2 only examplos wo were going by were nomething Ilko Throo

3 Mile Island. You are trying to say here's the impact on

4 industry of that type of reloauo. Of course, a major

5 accident would be beyond that.

6 (Slidos.)
7 MR. BALKEY: How, that all gets folded together.

8 There ends up being the numborn of importanco, and that's

9 What I am going to pronent here in thin table. What I want

10 to-focus on right now-are the first two columns.
-

11 For anke of examplo, wo looked at the caso of

12- Section XI, what would that mean for our example if we have

( ) 13- here; what would be the case of not doing any inspection;

14 going to a frequency of inspoeting overy five years,

15 inspecting overy 20 years, or let's look to the future. If

16 we just stay with the current ASME plan and we are now going
-

17 to go much more advanced technique, we are looking out to

18 the future, what may be the potential bonofit of that.

19 What we have shown here are largo leak

20 probabilition. The break probability la a factor of ton to

21 the minus throo lona than that. This largo leak probability

22 can be translated to two times ton to the minus noven'as the

23 break probability'and no forth down. We havo=a footnote to

24- that matter, to got the rupture reliability and multiply by

25 .001.

O

. _ .
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1 The reason we have largo leak probability, from

2 examples we have done what drives the nood for inspection or

3 the importance of inspection, is more than just mooting the
4 targot risk numbers that Bryan Gore discussed. Many times

5 proventing the first degradation before you reach that can

6 be a big economic bonorit.

7 Lot me just go through, for sake of oxamplo.

8 First of-all, the current techniquo by the way, this no--

--

9 ISI caso that targoted that Dr. Goro showed in his graph--

-

10_ -was-about two-times-ten-to the minun seven.- We are saying-

11 if you don't do any inspection you are right there at the

12 targot. Whether that target is exact, that would not be an

()13 acceptable strategy. The failure probability is too high

14 for this particular application.

15 The code inspection though, does bring it down by

16 a factor of three. If I go to a more frequent innpoction I

17 may be getting another factor of five, and you can soo

18 similar results consistent with what Fred Simonon had
19 presented. If I go all the way to a real advanced

20 technique, I may-be able to drop that number by another
21 factor of two.

22 When we fold through the decision treo you start

23 to see that the expected _ costs results that-the cheapest
24 thing to do is not to-inspect, and that actually improved

25 tide is not~ very cost offective if you are dealing with

O
|
|

. . .
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1 expected -- if you aro just dealing with expected value. I

i
2 Actually, expected value is not a very good way to mako'

3 decisions. You have to bring in another factor. I

4 Tho reason this number is higher, the improved 11DE ;

5 is that the improvement in lowering leak probability and

6 -those costs associated with it, the benefit doon not offset
4

7 the increment as a renult of thin extra day of outage in

8 ordor;to perform the inspection. I will como back to the i

9 fact of eXpocted valucc, ao not being the right way to

10 evaluate this-problom. Expected values i n saying I am going

11 to.tako my chance over the long run averages. In uomo
,

12 business docinions that's fino, liu t when you got to the i

()13 caso here where a pipo rupturo can have a very significant

14 offect on the businnsa of the utility or the insurors.who |

|- 15 are - on all the atakcholdoro involved i n the problem, you-

16 have to bring in another very important variable and it's

17 called risk attitude.,

|.

| - 18 The decision tree focuses on uncertaintion and
i

19 probabilition, and the economic and technical factors. It
,

'

20 does not incorporate the aspect of risk tolerance. Rick

21 tolerance is a concept.that economists use, and in fact wo

L 22~ all experience in our daily life hero. If wo didn't havo --

23 if we-woro not rink tolerant, none of us would carry
|-

24 insurance.p

the utility.wants to25 You want to protect the --

"O
T
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1 protect the businoon they have thero of that plant. Thore

2 la a factor that economints have developed, what they call a
.

3 risk adjusted cost. A risk adjusted cost in anying I am ~~

4 I do have this facility with potential for a very ourious
i

5 accident. I am willing to pay above the expect cost in order ;

!

6 to indemnify myself against that accident. |
.

7 What_the concept sayn in that knowing the

8 periousness of a serious radiation releano, that you would
:

9 bo-willing to pay more. That's the insuranco factor. I

10 -- would be willing to pay more to protect my plant in that
,

11 particular case. The rink toleranco calculation is shown

12 hero by this equation. The value of risk toleranco 10 a
7

()13 function of the size of the organization. Utilities, for

14 sake of an example, the average utility is capitalized

; 15 betwoon $1 to $1.5 billion. A rough rule of thumb of rink

16 tolerance to an organization in about 15 porcent of that

17 number.

18 In other words, a real largo corporation or

19 businens has the ability to self-insure itpolf. The R i

20 factor, this rink tolerance, in really the ability of an

21 organization to solf-insure against cortain typon of ,

22 accidents. Anyhow, the risk tolerance factor is brought in,

23 and now we have gono back through the docision analyalo ;

24 again with those factors. We are taking the outcomo of the
;

25 decision analysis, working them through the equations. You

_ _ - _ _ _ _ _ _ _ _ _ _ ,
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1 calculate a rink adjunted cont for each of thone ntrategleu.

2 With thin example it works out it actually--

3 comen out pretty on the high nide; that, ii I choone a

4 utrategy of no innpection that the utility would be willing

5 to pay up to $600 million above that in order to protect the

6 fact of not having to perfectly indemnify themnolven--

7 againnt having a nerioun accident of rupture of thin line.

8 The thing we want to keep in mind in that thin in

9 a hypothetical conotruct, thin equation. Wnat in more

10 important in not the number, what in morn important in the

11 ratio that comen out of it. When you bring thin rink

12 adjusted cont in and the anpect that a utility or buoinonn

13 wants 'o protect t h ti i r inventment, now you get a different.

14 look at the choice of nt rategy. !Jow you find out that no

15 innpection in absolutely not the thing you want to do. In

16 fact, you work down to the two bent choicen end up being--

17 the improved !JDE or inspecting more often. That's junt the

18 way this cane came out for thin hypothetical example.

19 MR. M I CllE LS O!J : llow do I make sure that if I am

20 concerned about economic rink that I make nure that all the

21 nystemn that might lead to an economic rink are included in4

22 your net to look at? Your !irnt not Wan developed more on

23 the basin of plant nafety and not on economica. lio w , when

24 you throw economic in perhapn there in a larger not to worry

25 about than those purely nafety related.
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1 I will give you a good exarnple. A boiling wator
'

2- reactor, reactor water clean up nyntom. It in a syntom that !

!

3 han quito largo piping, nix to oight i nchou, containn '

!

4 reactor water at full prennure, full temperature at all (
;

9 timos except when the ayutem is nhut down for nome reason. ;

6 A rupturo of that syntem, even if the inolation valvoa were

7 to work, would bo a pretty significant economic impact

a depending on where the break la in that nyntom, you might |
f

|9 flush tho ion exchange ronina out into the building and

10 things-like thin. It can got very uticky from a cost !

11 viewpoint. ;
i
!12 That nyntem wouldn't appear in your analysia hero,

13 because it got lost way on early in the cut sets. It,

,

14 shouldn't have, because the valvos aren't as good an wo

15 think they are. Even if they were, it ntill in nomething |

16 you want to think about from an economic viewpoint.
. -i

17 MR. DALKEY: What we are doing with thin wholo- |
|

18 proccuo is, we are not junt looking at high risk. We are

19 also choosing systema that have-a moderato rink, and wo aro i

20 going to pick some of those at the bottom and run through

21 this samo procosa again. It's not just we are picking out a

22 couple of componenta.and running through it. We are going |

'

23 to be looking at the entire range.

24 MR, GORCt I guoco my comment with regard'to the

25 previous question has to do with the failuro modos and '

O
,

1
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[ 1 offecto analysia approach which we would uno. The PRA

2 focupou on core damage frequoney. That in not rolovant rink
|

J 3 measure at thin point.
,

'
4 MR. M I CilE LS0!I t It'n not in the PRA. I

i

5 MR. GORE: Wo would go back and do a different ;.

;
i

6 type.of rink analyuls. We would look at the connoquence of

{- 7 such a rupture. That's a fairly ntraightforward onr. llo ro , j

!

O wo-are not Gotting into nituations where we havo redundant

| 9 systems and wo havo multiple failuren that wo have to deal
;

.

with. Wo break that pipo, the consequenco can be roanonably -|j 10
. t

! I

i -11 straightforwardly antimated in terms lonn and radioactivity j
! i

| .12 and clean up of the containment. |

11 It's a completely different problem, I guoso in

14 the point that 1 am trying to make. The rink measure in |
:

15 fundamentally different. |
!

16 MR. SilEWMoll: We are ntarting to run over timo, {
I 17 Kon. f

!
la MR. BALKEY: I am going to just quickly wrap up i

-!
19 then. {

20 MR. WARD: Could I just ank a quick quantion. |
)

21 Thin risk tolerance factor in really kind of a

-22 subjectivo 1
--

23 MR. EALKEY: 'That'n exactly right. I

24 MR. WARD: Does each owner -- are you going to ,

!
25 have a methodology here whero each-owner can plug in his own

O :
4

!
t

i

k
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I number or something? |

2 MR. HALKEY: You don't need to. What wo did hore,

3 in the very next viewgraph adjunts it. In other words, what

4 happens if our rink tolerance is off. What happens if tho |
5 utility 10 smallor or the utility la larger, would it change I

!

-0 our docinion. Wo did a nennitivity study just on that

7 particular factor. (

i
8 You can noo that if you are capitalized at one to |

1

=9 one-and ono half billion, you are somowhero in this rango |
)

10 horo for-the average utility. You can 800 that the choico, j

'
11 the improved NDE, the ASME frequoney still rack up in the

12 name ordor. The order does not chango until you would got
,

13 way out until you have nomebody of a very largo businous.
'

| 14 In other worda, we plan to do-nonsitivity studloo ;

i- -

recommendation should be appropriato
_ ,

; 15 to make sure that the j
;.,

16 across the difforent sized organizations. i

i

j. 17 MR. WARD: What in the abacinna thoro? j

!
'

L 18
_

MR. DALKEY: Thin la that risk tolerance. That la -

k

I
'

19 R. That's exactly the factor you-rained the quention on.

20 It's R. i
!

|
'

21 MR. WARD 1 .Okay.
i

22- MR._BALKEY: I:'s a subjectivo number. Wo want to i

! 23! make pure.that theratrataglon' don't nwitch around. Tho- I

:

I am just *

24 other factor that'I want to make montion 10 --

' 25 presenting a otraightforward result. Just like any type of
_

,

O i
;

I
r

i .

'
|

I
_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ . , _ . . _ . _ , . _ _ . , _ . _ _ _ , _ _ _ , _ _ _ _ _ . _ . . _ , _ _ . . _ _-_,,-%



__. _ _ _ . _ _ _ _ _ - . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -____ - ___ - _

a

!O "*

1 ansessment that in carried out whether it'n PRA or structure

2 rollability, tho~ decision analynia, a major ploco of this in

3 to do consitivity studien to make uuro that the variabloa

4 that you have .in which could vary, how much it would affect,

5 the decision.

6 I have just shown one examplo here. You alwaya go

7 back and say if some of those probi,.Silition I may not.have
!

8 _the best information and what happens if it in-different.

9 Would it affect my recommendation for an inspection

lo strategy.

11 In the intoront of time, the only laat point I wan

|- -12 going to mako was that the techniquo can be used to help !

13 defino if I don't know something about a particular ntrategy

14 in this particulsr caso in-fact, what we have done hero ;--

;

!15 is said that the 11DE, the improved 14DE la too hypothetical

16 and is really not a good recommendation. Let's nay that out-
. _ _ _

17 of the work that Bryan Gore does, that the no ISI-caso doen

! 18 not achieve the target failure probability. You see that wo
'

19 are left with only two choicon.

20 The two choices are present codo, or maybo.
i

21 inspecting a 1ittle more often for this particular caso. Wo
'

I
22 can go back and dotormino it on como of the uncertainties.

23 I-may not-havo-good information-on for instance the one-of--
|

,

24 the key uncertaintion the chance of-a crack actually being ;

25 present l'n tha pipe. The only thing that I am trying to

O

1

.
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| 1 save from this c''o is that you can go back and determino
i

i 2 the value of goin, out and getting good information, trying-
!

! 3 to achiovo perfect information.
1

4 Ensentially, this example goes through and nayo

5 it's worth about $1.6 million to go back out and have a

6 research program to take care of that particular chanco node
4

7 and try to got bottor information. With that, the offect of

8 inspection when inopoctions are carried out, the things

| 9 change.- This now gets into the-living process,

10 Mr. Chairman, is there a few minuten for-Mr.

11 Chapman to speak, and that would ond the entiro nuclear --

! 12 MR. S!!EWMON : After lunch.

()13 MR. BALKEY: Aftor lunch, okay.

I 14 MR. SilEWMON : We will como back in ono hour then,
!.

15 at 25 after one.

j 16 (Whereupon, at 12:25 p.m., the mooting reconned,

17 to reconveno at 1:25 p.m., this namo day.)
!' i

i .in i

i

19

20
'

;

!21
,

22
a

1-

23 |
,

24

| 25 {

; ($)
..

;

i

| !
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1 Al'T EltliOOli SESSIOli

2 (1825 p.m.)

3 M it . S H EWMoll t Let'n get utarted. Pleaue proceed.

4 Mll . CllAPMAllt Good afternonn, gentlemen. I am Vic

5 Chapman, from Itolls-Itoyce and Ascociaten. I am very proud

6 to be hero in your country to be able to talk to you. I

7 rJia l l move along as quickly an I can. I am going to pick up

8 the point that Dr. Simonen made about the inspections

9 relative both to a probability of failure and to confidence.

10 Much of what I say will be obvioun at the end of the day,

11 but it's surpricing how many people don't go through the

12 logic to end up with the conclusion.

13 What I want to do is take an examp;a to novo

14 through quickly, and I am going to cort of consider a simple

15 weld. I am going to talk about inspecting that weld to

16 start off with. If I inspect that weid, then I will effect

17 of the probability of failure of that weld. As Dr. Simonon

18 showed, if the inspection in at 95 percent or 90 percent

19 chance of finding a defect that will lead to failure, then I

20 can say that whatever the baselino probability of that

21 failure in -- let us say ten to the minua four -- can be

22 reduced by a decade to ten to the minus five.

23 That's very self-evident. But if that one wold in

24 part of a sample of several welds, lot un say 10 welda, then

25 inspecting the one weld does not offoct the probability of

O
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1 failure of any of the other welds, only that wold that is

2 being inspected. If we believe that our object of the

3 innpection in to reduce the probability of failure of thin

4 nystem, then we are going to be somewhat mistaken, because

5 we are only inspecting ten percent of it. Even if wo

6 reduced that ton porcent to 7.oro the other 90 porcent would

7 still be there. The overall effect would be very low.

8 Therefore, we cannot be doing sample inspections

9 in order to reduce the probability of failure. Thorofore,

10 you can ank, why are you doing the inspections. The only

11 thing that can be left is to gain confidence. Then the

12 question comes as to confidence in what. I spoke about ten

13 to the minus four as failure, and there was an inference

14 there somehow or another that that was the true probability

15 of failure. But I think the one thing that is for absolute

16 certain is, we do not know what the true probabiliti of

17 failure is of any one of our welds or components.

18 We may evaluate the probability to be ton to the

19 minus fcur. Again, Dr. Simonen said that the kind of models

20 that we uso to model those probabilities, but wo don't know

21 that that is the true probability of failure. We only know

22 that it is our calculated. If we talk about confidenco, we

23 might say that what we want is confidence that that value

24 that we calculato is, in fact, true.

25 I would say that even that is probably not what wo

O

_
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1 vant. Again, Dr. Gore talkod about a targot. It might be

2 that what we want to say is what wo want to be as confident

3 is that the probability of failure is loss than the targot

4 probability of failure. We might evaluato the probability

5 of failure for it to be five timos ton to the minus five.

6 Very wonderful analysis. Targot wo want is ton to the minus

7 four, and we thereforo say we are happy, wo havo mot our

8 targot and overything is fine.

9 But then, you could look at the kind of input that

10 you saw Dr. Simonon put up -- he didn't explain much quite

11 right you said -- just apprecisto that there is a lot of

12 input with this. We could say, how do wo know that that

13 input is'true. How do we know the defect density is right.

-14 How do.Wo know that_we have taken account of all of the

15 types of transients that we are likely to 800. How do wo

16 know that the stresses that we put in are right and the

17- crack growth is right.

18 What vni can do is to_run those_models with the
19 un~ "tainty in them, and we can-do what we might callEa

20 sensitivity analysis. .It's not-surprising that I can move

21 that sensitivity such that the probability of failuro

22 becomes unacceptable. In other words, comes above my-

23 ' target. Just doing that doesn't toll mo anything in-its own

24 right. All it to31s me is that if I' change the inputs I can

25 change tho probability of failure, and it tells me how
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1 pennitive it in to it. It doenn't tell me whether or not I

2 am actually meeting the target. It in coniidence in that

3 which we want to gain.

4 The thing to remember here in that we are only

5 innpoeting a sample of this group, juut perhaps ton percent

6 or 20 t reent. Now, when we were talking about the

7 probability of failure and how inspection affected the

8 probability of failure, the thing that we were interented in

9 was that defect which would lead to failure which la,

10 itself, quito a raro event, ten to the minun four. If wo

11 have a period lot'u say of timo and this in this point--

there in a12 that led to the inspection -- if we have --

13 critical sizo AC which will load to failure, if thero'n a

14 crack growth Delta Ray over fivo yearn, then we need to be

15 able to show that we can find a defect which in lean than

16 that critical size so that it won't fail. We might have

17 quito good inspection officiency of that,

la But since what we are doing now la looking at a

19 sample, we know that that rare event la extremely unlikely

20 to occur in any of them. We hope that it won't occur in any

21 of them. It is certainly extremely unlikely to occur in

22 just one that we are looking at. So, it la not very

23 important now for us to be able to say that we can find

24 that.

What we really want to be looking at in what we
O 25
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1 would expect to find if the nyctem were true. So now, I can

2 go back to my original analyuin which cald the probability

3 was five timen ten to the minus five, and I can any if that

4 were true and I did an inspection on this component which

5 would affect this probability of failure but 1 could also--

6 uny what would I expect to 1ind from that innpection.

7 If I now look at my nennitivity analynia, come of

8 those sensitivition may right go well up to a totally

9 unacceptable probability of failure of nay ten to the minun

10 two, and I could still ask the question what would I expect

11 to find if I inspected ten or 20 percent of this unnple

12 given that were true.

13 Once we have done that, we can then say if I carry

34 out this cample procedure, when 1 get the resultn what can I

15 do with those resulto. The answer is, we can now une a

16 Bayealan logic to compare the results that we antually get

17 with those that we would expect from all of the different

18 ocenarion that we put forward that could possibly be true.

19 Effectively what we have done is nay here is our best

20 estimate which given un a probability which is below the

21 target, we do a sensitivity, we expand the uncertaintica

22 about defect distribution, crack growth or whatever -- you

23 throw whatever you like at it basically -- and you expand

24 that to cover a much wider range which includes a large

number which are unacceptable.

O 25

.. . . . .
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1 Sanco you have a model, with that model and with

2- the inspection that you are doing and with the inspection

3 routino and with the officienclos of thoso inspections, you

4 say what would 1 expect to find. The hoy there, remember is,

5 what you expect to find and not the raro event. You have to

6 be careful about that in your futuro logic.

7 Then what you do is, you comparo your actual

8 results with those of this set in a Hayesian way to say

9 which is most likely to be truo of all of those possible

10 contendors. Lot me givo-you an actual examplo.

11 (Slidos.)
12 MR. CHAPMAN: This is a pressure vossol which has

13 a very large number of nozzles and a very large number of'

14 wolds, therefore, What we woro concerned about in the

15 probability of failure of one of those wolds. What I would

16- like to have done is to have a' flip-over to here, but I

17- haven't got one. What I want you to concentrate on is this

18 dotted distribution. I will now try.to explain what that '

19 is.

20 What we have'done horo is structural rollability

21 risk assessment. Wo have dono our best estimato, but --

-22 MR. SHEWMON: If you explain it against the acroon

23 you aro-_moro visible.

.24 MR.-CHAPMAN I am going to'try to talk about this

25 dotted' thing here and explain what it is. What we have dono
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fI here in run structuro rollability risk assosoment, and we

2 have run our bos'i estimato. That gavo un one probability of

3 failuro which, if my momory servos mo right, was down about

4 hero. ,

!

5 Then what we have done is, expanded that to do 100 |

}
G difforent type systems. It is many solutions. Of courso, |

c

7 thoro-aro many ways you got to the same probability of |
f

8 . failure. - what you find is that with those 100 differentSo,

9 onos you get different probability of failuro. You can see

i10- we have dono some improvements, but we have also dono some

11 bad'onos. We have concentrated mainly on the bad ones, so
.

12 you can soo the: distribution in this way. ;

13 ~ What we have dono is 100 difforont possibilition !,

-!
14 that could be true. What we are saying is, we do not know |

15 which is true becauno the one thing wo don't know is the

-16- - truth.- -All-we know'is-what we can-calculato and what could

17 be true. This is the histogram then of thoso 100 casos, i

18 What you thon have to say to yourself is, what

19 would I expect from my inspection samplo, given each one of

20 those were true. So, you now got 100 inspection sort of !
!

21 results,. if you111ko, from your analysis. Thon.what-you are j

22 going--to do-is, look at your real results and compare them j-

23 to-soo which is-more likely to be true. To show you some of

24 those results those are them, t
:

! 25 llore we soo -- here you have dato, here-you have ;

I :

- - . . - . -
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1 the san.ple size that wcs inspocted and what was found. You

2 can see here, we have cleared us non-crack like, cleared as

3 non-crack like. Here we oae our first crack-like defect.

4 Wo have done an inspection here. That was then cut out and

5 repaired, so the probability of failure of that one weld was

6 of course affected because it was removed. But the

7 probability of failure of all the rest were not. So, the

8 rest of them in the sample were not. We have nil, nil --

9 now we see two not very good. Now we start to see three,

10 two, one, none, none, none.

11'- What weado then is to compare this set of results

. 12 with what would expect to be true from each of our given

13 samples. That's where the distribution changes to the

14- shaded region. What we are saying now is that had this been

15 'true, had any one of these sets which give us this had only

16 been true, we would have expected to have seen much more

17 than we did see. Because we didn't say it, the Bayesian
|

18 logic says I am now going to update my belief in that

19 particular net. That is dropped down, and that is dropped

20 down. '

' 21 Note here-that a couple here that haven't dropped

-22 -down. Here, we can see it is sitting back normal. We can
|"

23- see these are starting to come up now. In fact, what we are

24 saying is that we do believe that probability of failure

~s 25 seems to be quite large.

.. ~)
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1 What you can do is study this really against your

2 target. Let me cheat and look at the next sliin because it

3 tells you what the target is on the next slic a.

4 (Slides.)
5 MR. CilAPMAN: What we are now talking about is

[ 6 this value here, roughly one times ten to the minus four.
-

7 That was the target. The value we calculated for our--

8 best estimate is lower than that, but we are not really

9 Worried about that. We .) aid how confident are we that we
L
~

10 are meeting this target. What you see here is our starting

11 position was just that initial distribution, which really

12 doesn't mean a great deal. We start off with it giving us a

13 very low cor.iidence of being true.

g 14 As the results come in our confidence begins to

15 climb, and what that is doing of course is, it is shunting

16 that distribution over to lower values. You see here where -

17 we start to find the defect, it drops down a bit and climbs

la up, something found and it climbs up, something found and it

19 climbs up. What you can see here is that this is beginning
-

20 to level out at about 75 percent confidence. In other

21 words, there are still cases that are coming up where the

22 Bayesian logic is suggesting that the probability of failure

23 could be lower than the target.

24 The question is, how far can you take this. Well,

25 that's a difficult question to answer. When are you

9

_ . . .
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1 satisfied that you-have enough confidence. Appreciate that

2 by the time you try to get_up to 95 or 99, you could be here

3 a very long time and this could be a very flat distribution,

4- However, if you drop down to 50 or 60 -- and we have had

5 cases-where that is true, where it has failed to get above

6 here -- then you_Wouldn't feel very happy at all about the

7 situation.

8 The key-thing that I want to get over is that this

9 ' is gaining confidence in a set rather than trying to affect

10 the probability of failure of the individual one here. We

11 are not trying to take account of how the inspection affects

12- the probability of failure because it's only a_ sample, and

13 we know it's not very significant. What we want to discover

14 is where we have confidence that this component is coming up '

15 to scratch.

16~ MR. SHEWMON: Your five to ton minute talk has

17 gone a little over 15 now.

18 MR.-_ CHAPMAN: Okay. Let me just conclude then,

19 - and sayfthat the important thing that comes out of this is

20= to really ask yourself what is your inspection for. I think

21 these may raise some of the questions that you were asking a

22 few minutes ago. If you believe it has affected the

23 probability'of failure then it is only affecting that which

24 you are inspecting.

|- 25 There,_you are concerned about finding that which

,

L
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1 will lead to failure, and you might be able to get quite-a

2 good inspection efficiency of that. If you are-looking at a

3 sample,-then you are unlikely to affect the overall
.

4 probability of failure of the whole set, because you are

5 only inspecting a small part of it. If you then orientate

6 that inspection such that you are really thinking about it

7 as affecting the probability of failure, you are only

8 looking for the larger defects, you may find that the

9 inspection is unable to tell you anything about what would

10 be expected to go on.

-11 Therefore, it actually doesn't give you any

12 confidence. You may end up in a situation where you are

13 doing an inspection on a cample which isn't a very good

14 inspection efficiency, is very unlikely to find anything-

15 other than gross errors which you don't expect to-have;

16 therefore, you can conclude what tun I ever going to get out

17 of that_ inspection. You can also, from ones where you are '

iP :affecting the probability of failure, get confidence as

19 Well. You can say here is the thing-that I am inspecting,

20 it has the probability of failure and my_ inspection is

- 21- affecting it.

22 If the probability of-failure is low enough then I

23 don't need the inspection.- So, I can now ask myself how

24 confident am I from the inspections that the probability of

25 failure is in fact lower or as low as I want it to be, and

-. .- . .. . . .
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-1. don't need to do the inspections. Now, you can end up in a

2 situation where I have done a-series of inspections-on y

3 something, I have reached a point where I am very confident

4 that a probability of failure of this is below my target, do

~5 I need to carry-on-inspecting.

6 You can address questions of, is my inspection

7 worthwhile. I like to_think you can address the question

8 of, can-I stop doing my inspections. The last point, if you-

9 think of the way now we have orientated to bring into what-

10 we inspect, those are the biggest contributors toward the

11 risk. We now concentrate our inspections which can still be

12 seen an a sample from everything, to the highest probability

13 of failure elements and highest risk elements. We actually

14 affect those, so we pull their probability of failure down

15 by the inspection.

16 We can also gain confidence in them, that they are

17 as low as we-want them to; i.e., below Dr. Gore's target and

18 that,--therefore, other things are. This question of taking

19'- a-few samples'from outside is.the same thing.
_

20 'I think this-is-what is referred to as a living

21 process. It-is a process that we use to try_to feed back

22 the results to build up this confidence. I hope that will

23 -guide you in decisions about what is this inspection for and !

24- is it worthwhile.-

25 MR. SHEWMON: Thank you very much.
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1 MR. BALKEY: I want to introduce Lloyd Smith,

2 because this is no longer nuclear application. We just
-

3 thought there would be value to the Committee to see how
-

4 people are applying these probabilistic methods in a non-

5 regulatory environment, and showing the value to their

6 application.

7 MR. SHEWMON: Thank you.

8 (Slides.)
9 MR. SMITH: These techniques you will see affect

10 what the Committee does and has a little bit of insight.

11- Please ask any questions as I go along. Otherwise, I will

12 - talk for one-half hour and won't answer your questions. I

- 13 would much rather respond to questions.

- 14 I will focus basically on three or four points:

15 Why we did analysis; methodology we used; results and the

16 benefits; also on our approach to the analysis. Generally,

17 we use supportive approach. We try to respond to what the

18 needs of the various departments and the plants were- and,

19 helped them solve their' solution. This way we ensured they

20 buy-in. We circumvented when the major problems of the RCM

. 21- or the reliability analysis, and that is implementation. We

22 _just give the appearance of giving them the -tools and take: -

i 23 and apply the tools and produce a good solution.-

24 -You will notice that I did not say that we address

. 25 risk directly. However, we implicitly address risk. We'
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1 reduce the number of plant transients and we diminish the -

2 time-our plant is not under normal condition, which is when

3 we are most at risk. We tend to focus on making maintenance

4 the most effective and overall -- making maintenance

5 effective.

6- Since the mid-1980's we-have had dedicated

7 reliability groups concerned with supporting the fossil

8 portion of the company. We have looked at both active

9 components and passive components. Various projects which

10 we have been involved in are turbine generator protection
'

- 11 schemes, limestone injection systema, control upgrade and so

12 on. This covers a whole spectrum of various disciplines.

13 The turbine generator protection scheme was using'

14 fault trees and to do unavailability of various protection

15 schemes to protect the turbine generator. I was determined

16 in the mid-1980's that the turbine generator was.not-

- 17 protected very adequately. It came to the attention of our

' 18 engineers. Our eng:neers, being good engineers, came up

19' with a multitude of protection schemes to protect them from

20 everything. The problem was, they could not quantify how

21 effective protection schemes were, where they were cost

22 beneficial.
,

23 We went in and'used fault trees to find the

24 unavailability due to failures of the protection relays. Wej

25 used event trees to model the event scenarios which could

- _ .-. - . - . -. .- - -- _ -- . .. _ - -
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1/ lead to damage generation and electrical bus work. We then-

2: used.-- determined the contribution of the various relays to
-

3 the protection. We found that yes, there were some

4 protection. schemes which protected the reactor and turbine

5- generator better, other ones were marginal, and a large

6 number -- especially a couple that were pets of the PUC

7 which not only did not protect the turbine generator but

8 actually produced negative results.

9 MR. MICHELSON: In looking at turbo generator

10 protection, did you look at off-normal operations like

11 testing similar to what happened at Salem?

12 MR. SMITH: We were looking at various electrical

13 faults which could occur on all occasions, yes.

14 MR. MICHELSON: That event developed from being in

15. 'a particular test mode and then having another failure or-so i

16 along with it, not even realizing it. I just wondered, do

17- you do-that kind of an analysis.

18 MR. SMITH: That is what was done there, yes. We
-

19- went through and basically just said for each protection

20 scheme what-could have failed, what could not have failed -

21 -

22 MR. MICHELSON: You did include the test modes.

- 2 3' MR. SMITH: Yes.

24 MR. MICHELSON: Okay, thank you.

MR. SMITH: They are all the same. We also looked

O 25

-.
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1 at a system to put limestone injection into coal burning, to

2 allow us to burn lower grado coal, a different grade of

3 coal. The system was very complicated. We tended to focus

4 on which of the portion of the system was less reliable,

5 which one produced the highest impact on maintenance

6 requirements. We used computer programs like Uniram which

7 is a software program to quantify the fault treess We used

8 diagrams to represent all major subsystems. We did

9 determine that a number of the portions of the system were

10 unre. liable and did require a lot of maintenance.

11 The third instance we looked at was control system

12 for this -- the control system could be 30 years old,

13 starting to fail. It could be replacement of parts. We
,

14 looked at the failure data for it, and the failure data was

15 rubber band breaking, paper clip falling off. They didn't

16 have parts an/more, they were creating parts and creating an -

17 operating system as they could,

18 The control system upgrade claimed that they were

19 going to improve availability. The problem was that we had

20 done a similar control system two years earlier, and the

21 availability of the plant went down and not up. So, we

22 wanted to concentrate on where it could have improved

23 availability.

24 Our objectives were to impact the control system

25 upgrades on availability, discuss the impact of operational

O

_ _ _ _ _ _ . _ _ _ . _ . _ _ _ . . _ _ .
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l' oconomy, to identify major contributors to unavailability

2 of the plants, and then to transfer technology. We;

3 initially assessed the present utility's conditions and

4 identified the major contributors on availability, and'

!5- subsequently used root cause analysis to become proactive

: 6 and correct the problem.

7' Through model trending we are able to predict
.

8 components that were going to affect unavailability in the

| 9 future and address them before_that happened, producing a i

d

10 proactive program. We looked extensively at operator

11 action, all the steps necessary to start the plant up to
,

12 operate the plant and to shut it down, and then did some
,

! .13 analysis as far as the optimum number and size of operators.

; 14 Life extension program, of course, with fossil units, we
n
'- 15 looked at all the major components that were pressure

-16 boundaries that had-big impact items.

17- The project of interest which relates mostly to

g- 1 10 system analysis _is the Huntley rollability project. We did
_

19 ' failure data analysis, plant modeling, human task analysis,

L2 0 recommendations, evaluation and implementation. The failure
,

-21 data development was review of system, equipment and problem,

22 experience, assess the data, determine what data was

23 necessary. Fossil units were different from nuclear, in

24 effect, that we have quite a dense database. We have lots
,

j
i 25 of failures to look at.

,

-- .. - -. . . -, . - , . . . . . , . - - - , -. . , - ,-
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1 On nuclear you are very sparse. You haven't had

2 enough failures in the whole program to really produce a

3 good database. We have lots of failures. Some are strange,

4 but lots of failures anyway. We took the raw data,

5 developed a database and put it on a computer, analyzed it,

6 is it adequate to support the model. If it's adequate okay,

7 but if it's not, we either get more data to a generic basis

8 or we change the model to produce the detail necessary to -

9 the data to support it.

10 We looked at as .much data as possible, again,

11 reviewed documents; one 1. i n e s , operating, interviewing plant

12 personnel. A lot of times the plant personnel reviews are

13 more important than anything else. That's how the plant is

14 really operated, not how it is designed. We will find that

15 the design and design engineers and the operations even--

16 management thinks there is a big disparity. _

17 We have to take this failure data, and to make it

18 useful we have to have a model of the plant. Once again, we

19 review system and equipment, talk to the operators, find out

20 how the plant is really designed, develop block diagrams

21 which are just those systems necessary for the plant to

22 produce its mission, 100 percent power, one or two feedwater

23 pump trains, one condenser and so on. Develop fault trees

24 to quantify the block diagrams, refine the fault trees, use

25 failure data to quantify the fault trees.

O

-___-__________ _____-_- _ _ _ _ _ -
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1 Likewise, we did a human task analysis in great

2 detail. We interviewed operators and asked them what they

3 did. They came up with a list of 500 actions that they used

4 to do to operate the plant. We wanted them, and they had

5 about 1,400 actions. We did one thing -- two more things,

L 6 and they didn't realize what they were doing, looking at

7 instruments and making phone calls. There's a lot of things

8 happening on a fossil plant.

9 Likewise, their procedures are two pages long to

i

10 start the plant up. All it says is start feedwater train,

11 shut down this, start that -- how they do it, they have

12 little black books which they, from history, have learned

13 from the previous operator. We took the raw data and

14 determined what function they really do, and specifically

15 what tasks and manpower analysis.

16 On a fossil unit we found that this is operated on -

17 a manpower basis. In other words, they have four or five

18 levels of operators or men to do the same thing, The shift

19 sup, the assistant shift sup, the boiler floor operator, the

20 two control room operators. During the transient they are

21 all walking around checking things. So that, if one person

22 doesn't do one thing the next person does. On different

23 shifts, different people do different tasks, depending upon

24 how their personality works out. This is where a difference

25 between that and the nuclear is.

-- --- _ _ -
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1 If we just reduce it down to having a number of

2 men to operate the plant as such, the availability and

3 reliability of the plant just decreased based upon this

4 depth theory. To summarize on a broad level, we look at the

5 data, collect data, do model, human factors. Likewise, they

3 6 all have the same steps and use the srao people at the same

7 time to do the analysis rather than .ing them individually. 5

8 That way, we have a cross-pollination of experience.

9 The data development was a major part of our

10 problem and is a major part of a problem on nuclear also,

11 getting a good data. We would like to get a s it'a ch

12 similarity between the data and our plant as possible. We

13 look for the same industry, same type of failures, same

14 environment, same company perhaps, location, age. As I

15 noted earlier, actually, an environment affects the failure

16 quite a bit. It may be off environment. -

17 Maybe different trains fail. Train A fails

18 differently than train B and different than train C.

19 Failure data is different in each train for the same

20 component and the same theoretical operating conditions.

21 You look at maintenance records, you use operator logs,

22 interviews, and walkdowns. We check for duplication.

23 The failure data looks like this -- where we have

24 a system, failure date, record number to get back to it,

25 component identifier -- this is a major problem at fossil
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1 units. The pump is the third pump in the second level, or

2- the Northwest pump or the valve that is above some piece of

3 equipment, or it has two or three identifier numbers,

4 neither of which situation the computer likes very well.

5 It's not a happy computer. You have to go through and

6 reidentify all the components.

7. Then, the component itself is a pump, severity,

8 catastrophic, degraded, incipient,-failure mode, does it

9 fail when running or does it fail to start and failure

10 cause, is the shaft broken, is the motor burned out or

11 whatever. We used the DBASE3 and Symphony to give us

12- control of these. This is a typical sheet of failures.

| 13 Once again, the system, the fuel, the boiler, the date

14 record, type of equipment, copper pipe, severity, mode,

15 cause. Was it a leak, did it fail, was it a shaft broken.

_16. At this point, this is when most databases -- a

17 lot of databases stop. They tell you the failures and you

18 can tell how many there are, but you have no idea what the

19 denominator is for a rate; how-long were they operating, how

20 many times did they start. This is NPRDS with their --

21 their problem.in NPRDS is that they just don't know the

-22 denominator.

-23 No matter how good you know the enumerator, unless

24 you know a denominator you haven't got much. Your fuzzy

. 25- feeling, once again, is not very useful in a computer and

i
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1 analysis. We spent a lot of time looking at exposure, and

2 determining exposure: time and start up. We went through all
i

!
I

3 the-operator logs for-this' case, looking ten years worth

.4 hour by hour, and determined how long each system ran. The

5- Mils ran for how long, the fans, feedwater pumps. Notice

6 that the feedwater pumps are not evenly distributed. They

7 are two out of three necessary, 15 hours for this one and

8 7,000-for this. They were equally here. Here is seven

9 hours.

10 This could represent the fact that there is a

11 standby system ready to operate, ready to come on, ready.

11 2 However, we found that there is equally good change that

:13 when the train failed they haven't repaired it. Another
1,

'

J 14 train failed down here -- we looked at which train had
|

15- failed and easiest to repair, and used the other-train for

16. spare parts. Instead of having an installed spare train we

:17 had installed spare parts.

18 [ Slides.]
19- MR. SMITH: It was difficult to put a repair rate.

20 on-a component which had been broken for two years, just

21 because it was an installed-spare part. There is a. problem

22. there. We also looked at a number of starts, and this

23 produced some interesting _results which probably would be

24 . interesting on a nuclear plant also. Once again, feedwater

-

- 25 train, notice starts were 20 a year, 20 a year, 20 a_ year,

- - _ _ _ - _ . . .. .. . -
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1 200, 200, What is happening was management at the plant

2 was getting very upset that the valves on the feedwater

3 pumps were breaking and failing. They were sure the

4 operation people were buying cheap equipment, they were not

] 5 doing their job right, they were sloughing off.

6 What happened though was, these plants are low

7 faulting plants. Every evening they drop the load and you

8 just had a lot of the pumps go back on their curve, no

9 problem. About 1985 the operators decided they wanted to

10 save some power and shut off the spare pump. Every night

11 they shut off the spare pump and every morning they turn it

12 on again. They didn't tell anybody about that. Suddenly,

13 the valves upstream and downstream, instead of operating 12

14 times a year were operating 200 times a year, wearing out,

15 failing and management problems.

16 Just by looking at this management decided they -

17 weren't saving enough power to justify as many failures and

18 as much maintenance loss of availability and went back to

19 the old system of just coming back on the curve, and the

20 problem went away.

21 (Slides.)
22 MR. SMITH: We take this data then, and we can

23 identify component unavailability. This is a list of the

24 main contributors for one of our fossil units. You notice

25 here, coal burner number four is 12 percent, coal burner

-
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1 number two is one percent. It's a factor of ten. Same

2 component, different parts in the system, different trains.

3 Boiler tubes, down here to attemperators, high pressure

4 feedwater banks and so on. This unavailability of these

5 components.

6 We then put this through the plant model

7 quantifying it, using a computer -- this is KAFTA. We have

8 contributors to plant availability, 1r) percent power. Once

9 again, here is the tubes, attemperators, boiler burner

10 number four, burner number two, combinations. Failure rate,

11 mean time to repair, percentage of unavailability. Notice

12 once again, they are very train dependent.

13 We did this for a number of years. Each year we

14 updated our data, we made this a living program. We found

15 that the plant took this data and said here's where our

16 problems were. They went in and addressed the maintenance -

17 programs, and dropped down from 86 down to 90. Tubes, pumps,

18 feedwater pump, turbine, mils. They had a number of

19 projects that they wanted to get done but no justification

20 for a number of changes in the design.

21 We did this analysis, identified the problems and

22 they got seven approved within three months to get the work

23 done with the resources. We also identified another plant.

24 The precipitator, whenever they went in and did any

25 maintenance in the boiler of the attemperators, they always

-- - - - - - - - - - - - -- -- _
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1- sent1a crew up and worked on the preciptators. The same i

2 thing happened sometimes on nuclear plants. You have these

:3 - hidden agendas.

4. We knew that once you got the boilers taken care

the precipitator were bound to produce a5 of,-all the rest --

6 problem. We notified the plant of the problem a couple of

7 years ago, when it appeared they were already starting to

8 address them.

9 MR. WARD: Lloyd, us nuclear types are puzzling

10 over what a attemperators are.

-11 MR. SMITH: I am a nuclear type too, so 1 have a

12 problem here. They are basically a temperature mixing unit,

13 I believe. They are a preheater, aren't they?

14 -MR. MICHELSON: I don't know.

15 MR. SMITH: I believe they are a preheater.

16 MR. MICHELSON: That would have been my guess,

17 EM R . SMITH: I believe.

18 MR. SHEWMON: The comment back here says they are

19 aired preheaters too, so that must be right.

20 MR. MICHELSON: -At least we all agree, so it must

121 be right.

22 - MR. SMITH: We have now taken this data from 1985

.23 and each year we update it and produce a new list of major

24 contributors on availability. The operations -- the new

list addresses those, and we are getting everything

O 25
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1 produced. The database covers about-30 years of plant data.

2 We-have 15,000 failures in it, and over 500 components,

3 which makes the nuclear group people just drool for that

4 type of database.
.

5 MR. MICHELSON: Is this an industry-wide database?

6 MR. SMITH: This is strictly unique to four-

7 . plants.

8 MR. MICHELSON: Four different utilities, or four

9 plants --

10 MR. SMITH: Four of our plants.
,

11 MR. MICHELSON: Okay.

12 MR. SMITH: It is commercialized though. We have

13 commercialized it.,

-14 MR. MICHELSON: By that, you mean it's available

15 to others for a price?

16- MR. SMITH: That's right. Basically, it's Huntley

17 65 and 66 for ten years, 67 through 69 for five years. Once

-18 again, it's over 11,000 legitimate failures. Those aren't
,

19 .the failures -- for example we had level one, two and three

20 in the-control room--- in the failures,-and we have'one

21 failure the intake structure was level three. A week later

22 many rats and intake structure level one. Those type we

23 don't count.

24 MR. MICHELSON: -There must have been some number

.25 -of valve failures in the feedwater system _and_so forth over
,

.. --
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1
'l the years.

2 MR. SMITH: Oh, yes.

3. MR. MICHELSON: 'Were they not just not on this

4- group for some reason?-

5 MR. SMITH: They weren't major contributors to f
6 unavailability.-

,

7 MR. MICHELSON: They were not major. *

8 MR. SMITH: No.
'

9 MR. MICHELSON: I thought they were --

10 MR. SMITH: They were a major problem in

11 maintenance though.

12 MR. MICHELSON: I thought those feedwater control

13 valves were kind of a frequent --

14 MR. SMITH: They were, but they were always hidden

15 someplace else. We worked on them while we were working on

16 the boiler -- <

17- MR.- MICHELSON: Hidden somewhere else, do you mean

18 that they weren't the-reason for-shutting down?

19 MR. SMITH: Right. Also, we have three trains on-

20 these, so we have one down and-fixing and two operating.

21 They never-show up as-the loss of unavailability.

22 MR. MICHELSON: It's not'really a reliability

23 database, in the sense I would'go to it and know how

24 reliable the feedwater control valves were.

25- - MR. SMITH: You could.

A.)

+ -+r * W
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-1 MR. MICHELSON: If-I went back into it somehow.

2 MR. SMITH: Two steps, yes. Before you put it
,

3 through the computer you would have this -- ;

4 MR. MICHELSON: You would have the-raw data.

5 MR. SMITH: That one, there, Just.the component

6 with unavailability.

7 MR. MICHELSON: They were tracked as being

8 unavailable even though it didn't interfere with the plant

9 availability necessarily.

10 MR. SMITH: That's right,

11 MR. SHEWMON: Or they didn't come above his one

12 percent threshold requirements.

13 MR. SMITH: That's right. If you go back to here

14 you- find the feedwater heater bank for example.

-15 MR. MICHELSON: Is that the valves?

16 MR. SMITH: I honestly don't know.

17 (Slides.)
18 MR. SMITH: In conclusion, I would like to say

19 that we have incorporated a lot of the techniques that the

20 ASME Committee is using. We applied-it to diesel

c21 generators, control systems, limestone injection, process-

-22 models, control models and so on. For the' Huntley 65 and 68
,

; 23 we did the-analysis in 1987. At that time the

24 unavailability was 70.5 percent. That was before we used

the database. In 1989, after we applied the database, we

0 25
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1 have unavailability now of 84.5 percent, which is a

2 substantial increase in unavailability.

3 We used it for long term and short term decision

4 analysis too. We have been asked, for example, to make one

5 of the plants a co-generation plant. We are also applying

6 and installing a coal gasification at one of the facilities.

7 Both of those, we have looked back at the life extension, at

8 the projected failures on the large turbine and large steam

9 pipes, and have used that as part of the basis for deciding

10 yes or no.

11 MR. MICHELSON: You do a similar thing for your

12 nuclear unit?

13 MR. SMITH: We are doing a IPE PRA on it.

14 MR. MICHELSON: Yes, but this is not quite that.

15 MR. SMITH: No. We have not done this --

16 MR. MICHELSON: This sounds good. From your

17 financial viewpoint it sounds good. But I just wondered why

18 it wouldn't be applied to the nuclear unit on your utility.

19 MR. SMITH: Our nuclear unit the last five years

20 have been on the watch list. They have a very different

21 perspective of --

22 MR. MICHELSON: You still like to make money with

23 it.

24 MR. SMITH: Yes, right.

25 MR. BOSNAK: I think in this case we were -- and

-- - - - - - - - - - - -
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1 the next one that follows -- we were trying to show the

2 applicability to other and how the process really --

3 MR. MICHELSON: I was just curious though, as to

4 why he didn't apply it to his nuclear unit as well, since it

5 - - -

6 MR. SMITH: The fossil were very, very receptive.
_

7 The only question was, why didn't he come in six months ago.

8 MR. SHEWMON: Thank you very much.

9 [ Slides.)
10 MR. WENDLAND: I am Bill Wendland, from American

11 Nuclear Insurers. We have a substantial sum of money at
9

12 stake at virtually every nuclear power plant in this country

13 and most of them in the world, and most of them in this

14 country it's well over $1 billion per plant. Probably our

15 biggest losses are Three Mile Island the reliability side,

16 and Price Andersen kind of Act, we are still paying lawyers. -

17 Lawyer fees, class action suits. On the property side, we

18 paid for the entire plant.

19 What I would like to talk about is why this

20 technology is of interest to we, as nuclear insurers. What

21 I prepared is just a summary, and I will touch on each one

22 of these points briefly. I think most all of this was

23 discussed in great detail today. I think the first question

24 that comes to mind is, why is it important to us, as nuclear

25 insurers.
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1 -As I said, we cover the entire facility, well over

2 $1 billion in most plants in the United States and a minimum

3 of $200 million on the liability side at every plant in the

4 United States. Our interest extends beyond the public

5 health and safety that you all are primarily concerned

6 about. Our insurance covers the entire nuclear plant; all

7 the buildings, all the structures, all the switchyards,

8 often times buildings a'id structures outside the protected

9 area. It depends upon the site itself.

10 The point is, we cover virtually everything on the

11 site'with a few exclusions. In our mind, the integrity of

12 the components at nuclear facilities is essential in

13 reducing insurance exposure -- economic driven -- and plant

14 outages. It has been our experience, pnrticularly in recent

15 years and was recently highlighted with the IGScc days,

-16 where the usefulness and reliability of many of the

-17 - inservice inspection philosophies and technologies that we

la use tods; could be enhanced a bit. They have been in some
-

19 cases with regulatory guides or with NUREG's and with some

20 bulletins.

21 As plants-get older, we believe -- and there is

22 some experience to show -- that the effect of age-related

23. degradations are going to start to take on much more

24 -significance. In that regard, inservice inspection will

-- 2 5 -become even more important and more paramount, in terms of

- - - . -. -. _. _ . _ . .
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1 benchmarking where the plant is today and where it might'be

2 'in the future.

3 It is a proven technology, as we have come to

4~ know. Vic Chapman, while we can't know the details of his

5 work, we do know that it does work and it has been very

6 successful in the United Kingdom in their submarine program.

7 It is also being used-by utilities, owners groups, and other.

8 national laboratories and other organizations within the

9 United States and outside the United States in some form.

10 Most recently, the insurers in the United States are

11 starting to use the technology so that we can get a handle

12 on wheretour exposure lies.in areas where there is really no

13 actuarial data from which we can work with.

14 In our opinion, the process complements existing
.

15 technologies. It is really a refinement to ASME Section XI.

16. We recognize that there is a substantial amount of inertia

17. to change, and that's true in our society. We believe that ;

18 this particular process is merely a refinement of the

19 . existing deterministic based fundamentals that are in

.

20 Section XI.
!

21 MR..MICHELSON: Excuse me. Can your

22 organization, as the insurer, require that certain of these

23 processes be carried out as a provision of your pelicy?

24 MR. WENDLAND: Yes, we can, and that --

- 25 MR. MICHELSON: You have-your own enforcement
|

|
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1 capabilities, irrespective of what NRC might do.

2 MR. WENDLAND: It's a matter of negotiation with

3 us and the insurer -- it's a business relationship kind of

4 thing.

5 MR. MICHELSON: If they don't want to do it, then

6 you have to charge them a larger premium, I guess.
_

7 MR. WENDLAND: Right. The pilot work at Surry and

$8 some of the other work that the PNL people have done and

9 also at Westinghouse and EPRI, demonstrates that the

10 propensity of this particular technology could be used to

11 enhance existing inspection purposes.

12 It facilitaten in the incorporation of code,
'

13 regulatory and economic factors -- a bunch of buzz words.

14 What it really says is there's a lot of requirements that

15 come to utilities. Chuck highlighted a few of those.

16 NUREG's for IGSCC, erosion / corrosion kinds of things, -

17 bulletins that would address even some other things related

18 to cracking and some kind of corrosion phenomena that we do.

19 That all has to get factored into a utility, and they have

20 to figure out how to address all of those needs with a

21 finite level of resources.

22 In addition, this particular technology can be

23 used for location kinds of welds; things like thermal
'

24 fatigue cracking, some of the higher bending moment failures

25 that we are seeing now in industry that we didn't anticipate

O
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1 before, and erosion / corrosion, something that we have talked

2 about today,'it would be used there. Those things all

3 presently do not come under the auspices of ASME Section XI.

4 It also has the ability to factor in active

5- components, which we have talked about briefly. Was it a

.6 conscious decision of the task force early on, after a lot

7 of debate -- and we were actually pushing a lot of the

8- inclusion of active components -- active components can very

9 well be included in this entire approach, It's actually not

10 very difficult, and it's being done on a minor scale in many

11 . areas today. It was not consciously done here at this point

12- so'that we could get the product and get the product on the

13 ' street and available to the public as we have done thus far.

14 MR. MICHELSON: Do you include fire hazard as a

15 part of your insurance?

16 MR. WENDLAND: Sure do.

17 MR, MICHELSON: So, you are quite interested-in

18 that aspect.

19 MR. WENDLAND: We are insuring the. entire

20 facility. Virtually, any' kind ~of hazard and accident you.

-21 could-imagine, we are on the hook for. It also has this

22- cost benefit. The cost benefit can be factored into this

23 thing too. That's the economic part that I wanted to

24 highlight. Dick touched on it briefly, but probably didn't

25 go on in-great detail.

:
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1 If you have a lower probability of detection, for

2 example, if you increase the number of inspections you

3 actually now reduce the risk of-some exposure. - There is a '

4 cost there. On the other hand, if you have people that have

5 a very high degree or high probability of detection, _then

6 maybe you can decrease the sample size. That all was part

7 of'the weighing-game.

8 An example that I would like to point out in this

9 particular bullet item is the thermal shield example. The

10 reactor vessel internal is an example of which a thermal

11 shield is a part. We have paid for a couple of thermal

12 shields already, very expensive. Utilities have paid

13 indirectly too, because of down time,-outage time. If you

14 go through a probabilistic risk analysis and assume failure

15 of all the various components inside a reactor vessel

16 internals, you will find that failure of all of those

17- components, no matter what they are including the thermal

18 shield, really don't change the core melt risk frequency

19- very much.

20 However, if you look at those same components from

21 an economic point of view, you find that there are two

-22 -components; the thermal shield and some bolts -- and I have

23 forgotten which ones those were. Those have a very high

24 likelihood of failure. In addition, they can also result in

25 some very large consequences. The thermal shield case, well

. ~- . -
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1 over $100 million. That's a combination of insuranco plun

2 their outage insuranco, plus out of their own pocket.

3 In that kind of caso, thone things aren't covered

4 by ASME Codeo, but it allown the utillt" executive

5 opportunity to make a conscious rich decision baned on his

6 toleranco, of where he wanto to devote some of hiu

7 inspection dollars.

8 MR. MICIIE LS oll t Sinco many of thene processos that

9 are being proposed are highly dependent upon the goodness of

10 the PRA that is used as a starting point, to what extent do

11 you look at PRA's independently of others to see if they are

12 a good basin for their real risk that you people will be

13 experiencing?

14 MR. WENDLA11D We look at them in great detail.

15 Acto ally, we rely on much of the work of 14 R C . As I said, wo

16 cover the entire facility.

I 17 MR. MICilE LSON : So, you are aware of the motor

18 operated valve reliability questions then, because that

19 could significantly effect the risk in rome cases.

20 MR. WENDLAND: Right. I' rom our perspectivo, the

21 way we would look at that, we have a finite resources pool

22 as well. We would prefer that the utility take the

23 initiative to address that whole thing. If they do that,

24 then that's something that we don't have to look at. If it

is something that they don't do, then we might want to

O 25

__ . .



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

172

1 stimulate them to take a look at some of thouc kinds of

2 things. We do une the PRA's, where those are available. In

3 sono canen, those are the more reliable we would uno.

4 MR. M I CllE LSOll : Do you have in-house expertino to

S nit down and reformulate a PRA?

6 MR. W E!J DL AllD : I would say no. In-house, no.

7 What wo would do is, we would hire a --

8 MR. MI CllELS Oll : Consultant or something to do

9 that. If you have questioned the outcome, then you might

10 get somebody to check it.

11 MR. W E!J DL Al4 D : Right. 'i n e n , probably hiro another

12 one to get --

13 MR. MICilELSoli: To check him.

14 MR. W EllDL A!J D : An independent review, to see

15 whether he was right. That was an example back in the days

16 of IGSCC, which was of great concern to us. We hired a

17 follow that you all might know, Roger Staley to work with

38 us, and then we hired some other people to kind of look over ,

19 his shoulder to guido us through that whole thing.

20 This particular process, in our mind, is a majcr

21 refinement in risk-making ability by utilities. If you

22 think back to the graphs that Ken showed earlier where he

23 showed the intluence diagram and the decision tree, those

24 things are very complex and difficult to understand. I am a

25 layman to thin whole thing, and I look at them and

O
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1 understand probably a lot more than others. It in utill a

2 bit boggling to me.

3 One thing it doen do that I have come to know in,

4 as you participate in developing those particular thingo,

5 you becomo much more knowledgeable about the uncertaintion

6 associated with what you are doing and the significance of

7 the input to the people that are making the decisions. What

8 you gain in, you gain a substantial amount of buy-in

9 throughout the whole utility. At 1 cast that's our

10 experience in the kind of work that we have been involved

11 with.

12 MR. Ml CllE LS011 : What is your accociation with

13 Factory Mutual?

14 MR. W E14 DL A14 D They are a part of us.

15 MR. MI Cl!E LSON : They are actually are a part of

16 your corporation?

17 MR. WEllDLAllD: They are a part of us. We are a

American liuclear Insurers is just banically two18 pool --

19 United States potis. There is about 200 companien worldwide

20 that contribute anneta to us, that we kind of manage the

21 money and also manage the engineering resources and risk

22 that they have. Allendale is a piece of us, liartf ord Steam

23 Boiler is a piece of us, most insurance companica that you

24 know of in the United States and many of them in the world.

|

O
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1 MR. MICHELSON: Factory Mutual was the people that

2 you gv ' you have more detailed questions on certain*-

3 -hazarda

4 MR. WENDLAND: Actually not. Factory Mutual has

5 some npocialties in areas that we would tap in sono arcan.
I

6 MR. MICHELSON: I was thinking of fire protection, |
t

'
-7 for~instanco.

8 MR. WENDLAND: Actually, wo would uso peoplo from
,

9 IRI. We have a fire protection staff. Most all of those

10 people wore trained at industrial risk insurors, their i

11 mainstay being fire protection in the country. It's kind of :
'

12 a rivalry betwoon Factory Mutual. Wo utilize that exportiso
'

13 that is available to us, Factory Mutual being a picco of it. >

,

14 In fact, Factory Mutual, we are involved with this whole

15 process for-severni reasons. One is the nuclear part,_ and f
16 that's the obvious one. The other one is not so obvious, is

'
17 .the fossil part.-

18 Wo soo most of our risk. shifting as the nuclear
r

19 industry is kind of shifting, shipping most of its focus to i

| 20 the operational aspects of the nuclear onvolope. We soo y

21 loss of our exposure there because somebody is already

22 looking at it. We soo more of our exposure shifting over to ;

23 What we broadly defino as a balance of plant, things like

24 turbino, transformers, crosion/ corrosion, structuros.
>

25 The work that Dimitri is kind of focusing in that

O
L
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1 area is -- we want to tap into that to gain a better
,

2- perspoetive on where we can focus our resources to look at

.3 . risk. This particular tool also is in my mind, is a major

4 bonofit in terms of communicating not only to the utility

5 management about where it is you want to inspect -- somebody |
6 like chuck, whero he wants to spend his timo, where ho .

7 recommands his timo. Also, when you talk to the PUC.
,

8 Instead of having some things that they -- issues that they

9 consider to be abstract because they are coming from

10- technocrats -- you havo now this decision making model which

11 is really bona fido and accepted by the business community
i

-12 and has boon for years. Say hoy, look, this is the reason j

l '3 why wo are doing what we are doing. !

14 You have now an offective tool from which to |

15 debate. You have a quantitativo and a pictorial process for

16 that-wholo thing. It's.a living process. That is something

17 that we sometimes don't talk about very much when we got in l
la our group. The living process is something that Vic chapman

19 is a champion of, where you factor in results of what you

20 found. If you found some faults or you didn't find somo

21 results, you factor that back in the original analysis-and i

22 fine tune it where you are going to look next time. ;

23' You might find -- if you think about it, thoro's a

24 graph in your handout that kind of illustrates this -- whero'

1
! 25 you have a' constant risk line. The objective i~s to find out

_ . _ , _ . _ - _ , . . . _ . , . . _ . . . . _ . _ _ _ _ _ . _ _ _ _ . _ . _ _ _ _ . _ . _ _ _ _ . . _ _ _ _ . _ _ _ . . _ _ _ _
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1 where your risk tolerance is, and those things are about

2 your risk tolerance. You increase the inspections to reduce

3 the probability or likelihood of occurrence. The more

4 knowledge you have about that, the more confidence you have

5 that you can reduce it. That's the living part of the whole

6 process, as far as we are concerneu.

7 Enhances strategic inspection focus. This was

a graphically exemplified in Truong Vo's slide, where he had a

9 curve where he had the bullets that went from one to 37 1

10 think they were, and you had the plateau up here. If you

11 think about it, I think it was item 18. Those items and

12 beyond, you don't get a lot of return on your investment in

13 doing inspections. Those items below -- yet those items

14 above are required by codes and by various regulatory

15 requirements or jurisdictional requirements, meaning state

16 boiler. You don't get a lot of bank for it, so why spend

17 your time doing it. You don't really get much feedback.

18 If, on the other hand, you spend your time on the

19 lower end you get much more return on your investment. That

20 was shown in his slide. The bottom line is --

21 MR. WARD: Are any of those required by American

22 Nuclear Insurers?

23 MR. WENDLAND: They are, indirectly. Every state

24 has boiler jurisdictional inspections of Pressure retaining

25 components. Some of those things are actually required by

_ _
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I the local jurisdiction as well. That inspection is either

2 done by one of our people at a plant or somebody that they

3 hire by themselves. It would be an authorized inspector

4 under the definition of the code.

5 There are also other things that are required to

6 bo inspected --

7 MR. WAPD: Is your company reacting to this new

8 technology?

9 MR. W EllDLAllD : As a matter of fact, yes. We have

10 taken a derivative of this process more in a qualitative

11 senso right now. We have now implemented that within our

as I mentioned, the12 own organization. Wo have our staff --

13 firo inspectors, and we also have a staff of pressure

14 systems machinery inspectors. It's an extension of the

15 boiler inspectors and authorized inspectors that you are

16 familiar with.

17 Those people, we subcontract from llartford Steam

18 Boiler and from Factory Mutual to do our inspections of our

19 insurers. This particular process is being utilized to

20 focus thoco people and tell them where to go and look.

21 Instead of walking into the plant and saying where do I go

22 and look, I look at a turbine today or go and look at a

23 transformer. If you go and look at reactor pressure vessel

24 integrity -- only because today is Thursday and this is

25 where I ought to look.

O
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1 We now have a tool from which we can focus where i
!

2 wo want to look. Wo have to have that, because wo don't

3 havo -- as I said, wo don't have any actuarial data. Thei

4 business has actually been good to us. But when it's been

5 bad, i t's boon real bad. That is actually with peoplo in f
!6 IRI and Factory Mutual -- you don't have data from which you
:

7 can really be like an automobile insurer for examplo.

8 MR. MICHELSON: Lot me.be sure that I understood

9 what you just said. Are you saying for instance in the case |

10 of fire protection inspections, that you are approaching it

'
il from a risk-based vietpoint?

12 MR. WENDLAND: That's correct.

13 MR. MICHELSON: Have you developed that concept i n

14 some kind of written documents-that one might read?

15 MR. WENDLAND: Yes, I have. I am not sure that I

16 am at.11borty to give you one. I am presenting a paper at ,

17 an upcoming ANS conference that talks of it. I can check

18 with my people and if that's available, I will forward a

19 copy.

20 MR. MICHELSON: If we'could get a copy, that would

21 be interesting to road about. I have a particular interest

22 in risk-based inspection for fire hazard purposes. |

23 MR. WENDLANDt Again, it in interesting to noto --

; 24 I talked of change earlier. IRI has been around for 50 or

25 60 years, Hartford Steam Boiler 100 years. The insurance

O
i
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1 company has been around for a long time. I am not from the

2 insurance industry, I am from an NSSS vendor prior. Change

3 doesn't come oaoy in the insurance business. They are used

4 to doing it the way they are used to doing it.

5 As times goes on, we are finding that you just

6 can't afford to do it that way anymore, it costs too much

7 money. More than that, it's how effectivo is it. Many

8 inspections that you do you do because you have boon doing

9 them for a long time, but you don't really see anything.

10 Much like the ISI people, they have been doing inspections

11 for a long time because it's required. Ilow come you do it,

12 because the code says it.

13 Do I get nr.fthing from it? Sometimes I do, and

14 sometimes I don't. We believe that --

15 MR. MI CilELSON : It's looking in the right places.

16 MR. WENDLAND: That's right. This technology, in

17 our mind, allows you to focus into those areas. When I talk

18 about the insurance industry adopting this, they are

19 adopting it but a bit slow, I guess is a fair way to say it.

20 Even my colleagues, it takes a bit of time.

21 In our mind, this is also -- this is very readily

22 adapted to non-ASME Section XI areas, something that Chuck

23 touched on.

24 MR. MI Cl!E LSON : Excuse me. Could I follow up on

2S my other question, just one more step. To your knowledge,

O
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1 is there any part of the fire business that is working

2 actively on risk-based inspections for fire protection

3 purposes.

4 MR. WENDLAND: I have to be careful. There was an

5- organization that does fire protection inspections and

6 specializes in that. An individual who is very well versed

7 in this technology had developed some models and wanted to

8 introduce thoso, that concept into his inspection from a

9 research --

10 MR. MICHELSON: Which organization is that?

11 MR. WENDLAND: It's one of our member companies.

12 I am not sure that I could roa31y tell you.

13 MR. SilEWMON: lie didn't say.

14 MR. MICHELSON: I know he didn't. We are having a

15 meeting on fire tomorrow, and some people from Factory

16 Mutual will be.here.

17 MR. WENDLAND: It has to do with the issue of

18 change. That organization-has been around for years and

19 years, and that's the way they do business, and they_ don't

20 know how'to do it any other way. As the economic times come

21 about.-- and they_are all starting to soo that as we are, wo

22 are laying off people as are they ~~ the economic pressures

23 come about you have to be more thoughtful and more strategic

24 on how you do business.

O 25
MR. MICHELSON: That's what --

,
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1 14R. W EllDLA!1D : That's what this is doing. This

2 allows you to be that way.

3 14R. 14 I C il E I S 0 11 : Thank you.

4 14R. W EllDLAllD : This particular technology, in our

5 mind, could be used very well for things like -- I didn't
6 put then up there surveillance requirements, technical--

7 specifications, electrical components, balance of plant
8 areas, erosion / corrosion, turbines, transformers, very
9 readily used.

10 Again, you can factor in -- we, as engineers and

11 scientists like to think of numbers, ten to the minus fifth,
12 for example. We will spend all afternoon arguing bout ten
13 to the minus fifth. Think about ten to the minus fifth with
14 a couple of whiskers on it that Truong is famous for where
15 it has a large amount of uncertainty, and let's deal with
16 that. Let's see where that band is, and let's go after the
27 inspection based on the uncertainty that we know and build
18 up the confidence as we continue to inspect.
19 Finally, it can be used in management of age-
20 related degradations. Fred Simonen's slide I think
21 illustrated that most graphically, where he talked about the
22 laroe benefit from inspections; where he had the two curves.
23 lie had one talking about the benefit of doing inspections
24 where you had a crack that would grow early in life and it
25 wasn't very much benefit where you did the inspection. But

-
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1 then, he had another curvo whora you had the effect of ago-

2 related degradation starting to manifest, where inspections

3 played a very largo component in reducing the risk.

4 I guess that is very important to us. As I said,

5 we as insurers aren't quite sure where wo are in tho bathtub

6 curvo, or if t horo is a bathtub curve. But the cha11onge of

7 the business community worldwide has boon to us, are we

8 going to start to see an increaso in insuranco loss as

9 plants continue to ago. We will be damned if we can answer

10 that question. We can generate a few histograms, but wo

11 can't answer the question.

12 We do know this; wo do know, based on the

13 technology hand based on the things that I have seen these

14 follows do, that this is a very strong tool that will help

15 us and help the industry in total, to be able to gage and to
-

16 benchmark where they are in terms of age-related degradation

17 mechanisms before they begin to manifest and before they

18 becomo catastrophic.

19 With that, that's the business community or at

20 least part of the insurance community.

21 liR . SHEWMON: Thank you very much.

| - 22 (Slides.)
23 MR. BALKEY: I am just going to very quickly

L 24 ' summarize where we are going from here on our resonrch. I

|

-25 think you havo heard that the work is already well underway
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1 to complete Surry, the structure reliability and the

2 decision analysis calculations. Then, there'n the intent to

3 take a look at other PWR's and go into a BWR in the name

4 level of detail that has boon done at Surry for a good

5 recommendation to be made for both the PWR and BWR designs.

6 Uc have an action plan that the team developed. I

7 am not going to read through this. I think the most

8 important development is number eight. As we continue to

9 work with this, we feel that a recommendation was made to

10 Section XI and was accepted quite well on Monday afternoon,

11 that they consider forming a group within the actual code

12 body that would work with the subgroup here; so that, as wo

13 do our research work they know it's coming, they can see how

14 it would be very beneficial of use in actual revision or

1S addition to codes itself.

16 I think the last slide I have summarized our

17 efforts and has been said by many already. Some large

18 benefits, of course, are the insights you gain in going

19 through these processes that you don't get any other way. I

20 think we do have a very unique team here, where we have

21 people who are representative of private industry,

22 government and academic institutions and across many

23 industries. This is just not a nuclear project. There have

24 been many things of great value Icarned from folks like Dr.

25 Ayyub from the University of Maryland on civil engineering

O

1
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1 applications and Herb Smith on Aircraft applications that wo

2 have considorod and folded back in the work and is

3 considered even in the nuclear caso. I

4 We fool that's a very strong caso. The other ;

$ thing, too, are the disciplines. Wo havo ovorybody fron tho |

6 ' NDE ongineers through the pHA, all communicating together
,

7 which doesn't happen right now. |
,

8 Volume 1 is out and you folks have a copy of it.

-9 Volumo 2 will be out very shortly. We are already starting

10 work on the additional volumes, and the interest in the

11 technology is growing very fast. With that, I would like to

12 speak on everybody's behalf, that we are very approciative <

13 of the opportunity to be with you today. We hope you found
!

14 value in our presentations and have a good fool for where wo

15 are' going in the future. Thank you.

16 MR. SHEWMON: Thank you:very much. Are there any

17 other comments?

' 18 MR. MICHELSON: I, for one, would like to say that. |

19 I thought-this was a very interesting and beneficial, ,

20 particularly 2 rom the viewpoint of where else it might

21 ultimately, the same approach might ultimately be.--

22 MR. BOSNAKt We hope the_ Committee would~ find it

23 very-valuable. Speaking fr m wearing my NRC hat, wo are i

24 looking at this as a leverage group contributing timo,

O
- resources. It is being multiplied, and we think we are25

a

i
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1 .getting good value for the resourcos spont. It's a status !

2 report to the committoo, and we would like to know what you

3 would like to do with respect to the Full Committoo. Aro

4 you going to make a report, or would you like us to |
'

5 participato? !

r

6 MR. SilEWMON: I thought I would give a

7 Subcommittoo report, and just toll them of the work. I

8 think wo look forward to the second volumo. When it gets ,

9 down to whero -- it will bo interesting so talk to you again

10 when the second volumo is out and you ravo started to uso it

il some, I think.

12 We are adjourned.

13 (Whereupon, at 2:55 p.m., the Subcommittoo t'

14 adjourned.)

15

16

17
,
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1 REPORTER'S CERTIFICATE

This is to certify that the attached proceed-
ings before the United States Nuclear
Regulatory Commission

in the matter of1

NAME OF PROCEEDINGt A tt Joint tta t e r i a l, ?te t a l l u r gy /
Maintenance PractIc 6 Procedures

D0CKET NUMBER

P1, ACE OF PROCEEDING: Hethesda, Maryland

were held as herein appears, and that this is
the original transcript thereof for the file of
the United States Nuclear Regulatory Commission
taken by me and thereafter reduced to typewriting
by me or under the direction of the court report-
ing company, and that the transcript is a true
and accurate record of the foregoing proceedings.

- w/

YM-c.; (7 ;./{n + L"~"
.,

I , ,

v

Official Reporter
Ann Riley & Associates, Ltd.
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BRIEFING
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

SUBCOMMITTEE ON METAL COMPONENTS

O
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AGENDA

U. S. NUCLEAR REGULATORY COMMISSION

Q ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
SUBCOMMITTEE ON METAL COMPONENTS

Phillips Building
Bethesda, Maryland
February 13, 1992

BRIEflNG: ASME RISK-BASED INSPECTION GUIDELINES RESEARCH PROJECT

10E1C lilif. EPlMG

o CHAIRMAN'S OPENING REMARKS 8:30 - 8:40 AM Dr. Paul Shewmon

o IN1RODUCil0N

-ASME/Research Project 8:40 - 9:00 AM Mr. Ray Art /
Mr. Robert Bosnak

-Overview of NRC Research Efforts 9:00 - 9:15 AM Dr. Joseph Huscara

o OVERVIEW Of TASK TORCE AND OVERALL 9:15 - 9:30 AM Mr. Ken Balkey
RISK-BASED INSPECTION PROCESS

p o APPLICAil0N Of PROCESS TO LWR
NUCLEAR POWER PLANT COMPONENTS

- Risk-Based Priorities for 9:30 -10:30 AM Mr. Truong Vo
inservice inspection

BREAK 10:30 -10:45 AM

- Target failure Probabilities 10:45 -11:10 AM Dr. Bryan Gore

- Inspection Program Development

+ NDE Reliability / Structural 11:10 -11:40 AH Or. Fred Simonen
Reliability Assessment

+ Oecision-Risk Analysis 11:40 -12:15 PM Mr. Ken Balkey

LUNCH 12:15 - 1:15 PM

o APPLICATION Of REllABILITY METHODS 1:15 1:45 PM Hr. Lloyd Smith
TO FOSSIL FUEL-f! RED POWER PLANTS

o INDUSTRY PERSPECTIVES

- Nuclear Utility 1:45 - 2:0* PM Mr. Charles Tomes

- Nuclear Insurer 2:00 - 2:15 PM Mr. Bill Wendland

o FUTURE WORK PLAN AND SUMMARY 2:15 - 2:30 PM All

. _ _ . .
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ASME CENTER FOR RESEARCH AND
TECHNOLOGY DEVELOPMENT

- - - - - - ~ ~ ~ ~ ~ -........................ . : :~~~~"' *

: TECHNICAL : BOARD ON RESEARCH :..... CODES & STANDARDS
~

............................: :
3 DIVISIONS !....... AND TECHNOLOGY , . . . . .i. EDUCATION

i.-
-

5 AND 3 | DEVELOPMENT MEMBER AFFAIRS
3

- *

* *

: PUBLIC AFFAIRS -

i GROUPS i VICE PRESIDENT: RESEARCH i
-

P U BLICATION S .b .* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - :
:
:

DIRECTOR: RESEARCH :*

:
:
:
.

I | :
*
.

TECHNOLOGY CODES & STANDARDS *

OPPORTUNITIES *

RESEARCH PLANNING -----------------------------------

AND PLANNING
COMMITTEECOMMITTEE

,.

i I l' '

COMMITTEES FOR
RESEARCH AND/OR RESEARCH TECHNOLOGY

EXPERT PANELS TASK FORCES- GROUPSTECHNOLOGY
DEVELOPMENT

,

-Research task forces may be established by any permanent unit within the Center.

-
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ASME RESEARCH PROJECT

RISK BASED INSPECTION GUIDELINES
NEED FOR PROJECT

COMPLEX STRUCTURES, SYSTEMS, AND COMPONENTS REQUIRE PERIODICo

INSPECTION TO DETERMINE THEIR CONTINUING ABILITY TO FUNCTION AND TO

ASSESS REMAINING LIFE.

CODES AND STANDARDS TO COVER PERIODIC INSPECTION PRACTICALLYo

NONEXISTENT EXCEPT FOR SECTION XI 0F THE ASME CODE WHICH IMPLICITLY

RECOGNIZED RISK THROUGH ENGINEERING JUDGMENT AND QUALITATIVE
(

METHODS.

ASME CODES AND STANDARDS RESEARCH PLANNING COMMITTEE, THE BOARD ON |
o

RESEARCH AND TECHNOLOGY DEVELOPMENT, AND THE COUNCIL CODES AND

STANDARDS ENDORSED A PROJECT TO DEVELOP A METHODOLOGY FOR INSPECTION

WHICH EXPLICITLY AND QUANTITATIVELY CONSIDERS THE LIKELIHOOD OF
4

i

COMP 0NENT FAILURE UNDER SPECIFIED CONDITIONS AND THE CONSEQUENCES OF
SUCH FAILURE.

c : . n..., . ,.
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ASME RESEARCH PROJECT

RISK BASED INSPECTION GUIDELINES

PROJECT HISTORY

1985-86 RISK ANALYSIS TASK FORCE

CODES AND STANDARDS RESEARCH PLANNING COMMITTEE

RECOMMENDED A RESEARCH PROGRAM TO DETERMINE HOW

PROBABILISTIC METHODS (PRA AND PSM) COULD BE USED

TO ESTABLISH INSPECTION REQUIREMENTS OF INTEREST !

TO ENGINEERING COMMUNITY.

1986-87 CRTD FORMS RESEARCH TASK FORCE.

MANAGES DEVELOPMENT OF RESEARCH PLAN.
;

LATE 1987 APPROVAL BY ASME BOARD ON RESEARCH AND COUNCIL

CODES AND STANDARDS

1988 RESEARCH TASK FORCE MEMBERS DEVELOP DETAILED WORK PLAN

LATE 1988-89 FUNDING BY SPONSORS COMMENCES, WORK BEGINS

LATE 1990 VOLUME I GENERAL HETH000 LOGY DOCUMENT COMPLETE

LATE 1991 VOLUME 2 PART 1 ON NUCLEAR POWER FACILITIES TO PRINTER
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RISK BASED INSPECTION GUIDELINES
COMPLETION OF PHASE ONE t

DOCUMENTS:

VOLUME 1 - GENERAL METHODOLOGY

VOLUME 2, PART 1 - LIGHT WATER REACTOR NUCLEAR POWER P. TANT COMPONENTS-

o THE TASK FORCE DEVELOPED GENERAL METHODOLOGY DOCUMENT (VOL.1) IS

APPLICABLE TO ANY INDUSTRY. IT DESCRIBES GENERAL RISK-BASED METHODS

THAT CAN BE USED TO DEVELOP APPROPRIATE INSPECTION PROGRAMS.

VOLUME 1 IS AVAILABLE. DOCUMENT (V0L. 2, PART 1) FOR SPECIFIC

APPLICATION TO NUCLEAR POWER PLANTS BEING PUBLISHED.

o THE GENERAL METHODOLOGY USES APPROPRIATE EVALUATIONS FOR RANKING i

STRUCTURES, SYSTEMS AND COMP 0NENTS WITH RESPECT TO SAFETY AND
.

ECONOMIC IMPACT, AND A STRUCTURED DECISION-TYPE PROCESS TO EVALUATE |
ALTERNATIVE INSPECTION PROGRAMS FOR METHOD, FREQUENCY, SAMPLING (H0W

MUCH AND WHERE), AND CRITERIA FOR CORRECTIVE ACTION APPROPP.IATE TO

MAINTAIN AN ACCEPTABLE LEVEL OF RISK.

c : . , s...m .,.
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RISK BASED INSPECTION GUIDELINES
COMPLETION OF PHASE ONE (CONT.)

,

VOLUME 2, PART 1 APPLIES THE GENERAL METHODOLOGY TO THE SPECIFIC |o

APPLICATION OF LIGHT WATER NUCLEAR REACTOR POWER PLANT COMPONENTS TO
CONSIDER COMPONENT RANKING, COMPONENT PROBABILITIES OF FAILURE, THE

CONSEQUENCES ASSOCIATED WITH AN ASSUMED COMPONENT FAILURE, AND THE

SELECTION OF A SUITABLE COMPONENT INSPECTION STRATEGY TO ACCEPTABLY
MANAGE RISK, INCLUDING COST-BENEFIT CONSIDERATIONS.

~

t c : . ,s. ..so,.
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| RISK BASED INSPECTION GUIDELINES-COMMENCING PHASE TWO l

|

PHASE TWO WILL APPLY THE GENERAL METHODOLOGY TO OTHER APPLICATIONS,0
I

| INCLUDING POWER AND PROCESS FACILITIES.
SPONSORSHIP FOR PHASE TW0, CURRENTLY 10 ORGANIZATIONS INCLUDINGo
FEDERAL GOVERNMENT BODIES, INSURERS, TRADE AND INDUSTRY

ORGANIZATIONS. ADDITIONAL SPONSORS BEING SOUGHT.
i

o DOCUMENTS TO BE DEVELOPED:

VOLUME 3 - FOSSIL FUEL-FIRED ELECTRIC GENERATING STATION

|
APPLICATIONS

VOLUME 4 - PETROLEUM REFINERY PROCESSING AND STORAGE

| APPLICATIONS'

VOLUME 5 - NON-COMMERICAL NUCLEAR FACILITY APPLICATIONS

VOLUME 2 - PART 2 - RECOMMENDED INSPECTION PROGRAM FOR LWR

NUCLEAR POWER PLANT COMPONENTS FOR ASME SECTION XI

CONSIDERATION.

FUTURE PHASES UNDER CONSIDERATION:o
CHEMICAL PROCESS FACILITIES, GAS PIPELINES, PETROLEUM INDUSTRY

TANKERS AND OFFSH0RE FACILITIES, AIRCP, AFT, BRIDGES AND DAMS.

c . n - .,.
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RISK-BASED INSPECTION GUIDELINES PROJECT STATUS OF SPONSORSHIP

O DIRECT SPONSORS- US. NUCLEAR REGULATORY COMMISSION

NATIONAL BOARD OF BOILER & PRESSURE VESSEL
INSPECTORS

NATIONAL RURAL ELECTRIC COOPERATIVE
ASSOCIATION

INDUSTRIAL RISK INSURERS

AMERICAN NUCLEAR INSURERS

IIARTFORl> STEAM BOILER INSPECTION & INSURANCE
CO.

AMERICAN PETROLEUM INSlTrUTE '

US. DEPAR'IMENT OF ENERGY

OIL INSURANCE LTD.

EDISON ELECTRIC INSTITUTE
.

O O O .

- - -
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0 INDIRECT SPONSORS - WESTINGIIOUSE ELECTRIC CORPORATION
.

,

FAILURE ANALYSIS ASSOCIATES

BATTELLE PACIFIC NORTHWEST LABORATORIES ?

UNIVERSITY OF MARYLA.ND
:

;

MCDONNELL AIRCRAFT COMPANY i

!
r

FACTORY MUTUAL RESEARCil CORPORATION i

i

L ROLISROYCE AND ASSOCIATES LTD. UNITED
| KINGDOM

!
'

EXXON RESEARCII AND ENGINEERING CO. [

$
NIAGARA MOIIAWK POWER CORP. !

WISCONSIN PUBLIC SERVICE CORP.
i
;

- -
. _ _ _ _ _ - _ _ _ - - - _ _ _ _ _ - _ - _ _ - _ _
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|
|
|

| 0 PO'l ENTIAL SPONSORS - ALLENDALE GROUP

AMERICAN GAS ASSOCIATION

AMERICAN PUBLIC POWER ASSOCIATION

EMPIRE STATE ELECTRIC ENERGY RESEARCH CORP.

FEDERAL AVIATION ADMINISTRATION

GAS RESEARCII INSTITUTE

GENERAL DYNAMICS, ELECFRIC BOAT DIVISION

JAPAN POWER ENGR. & INSPECTION CORP.

US DEPARTMENT OF INTERIOR

US DEPARTMENT OF TRANSPORTATION

.

O O O -
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INITIATION OF A NEW ASME RELIABILITY METHODS
| FEASIBILITY STUDY PROJECT

THIS IS AN INTERNAL ASME FEASIBILITY STUDY UNDERTAKEN TO EXAMINE THE| o

USEFULNESS OF DECISION-ANALYTIC RELIABILITY METHODS IN ASME CODES

AND STANDARDS WORK AND IN THE SOCIETY ACTIVITIES. MANAGED BY CODES

AND STANDARDS RESEARCH PLANNING COMMITTEE.
L

THREE MEETINGS HAVE BEEN HELD SINCE JULY 1991 AND A FINAL REPORT ISo

SCHEDULED FOR COMPETION BY DECEMBER 31, 1992.

DECISION ANAYSIS PROVIDES A STRUCTURED APPROACH FOR INTRODUCING
'

o
RELIABILITY METHODS, INCLUDING COST-BENEFIT INTO AN ACTIVITY.

DECISION ANALYSIS METHODS PERMIT COMPARING SPECIFIC OBJECTIVES WHICH
MAY CONFLICT, SUCH AS SAFETY VERSUS COST.

FOR THE CODES AND STANDARDS ACTIVITY, IF FOUND FEASIBLE, THISo

METHODOLOGY MIGHT BE USED TO DETERMINE WHETHER TO INITIATE A NEW
STANDARD, OR WHETHER A SPECIFIC REVISION SHOULD BE MADE.

c : .n. ..s >.
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' NRC RESEARCH EFFORTS g

PROGRAM TITLE: Evaluation and improvements in
Nondestructive Examination
(NDE) Reliability for Inservice
Inspection of Light Water
Reactors

Program initiated in Fiscal Year 1977

Program Objectives:

Determine the effectiveness and reliability of*

ultrasonic inservice inspections (ISI) performed
on commercial, light water reactor pressure g
vessels and piping

Recommend Code changes to the inspectione

procedures to improve the reliability of ISI

Based on the importance of components to safety,e

material properties, service conditions and NDE
uncertainties, formulate improved inservice
inspection criteria (including sampling plan,
location, frequency and reliability of inspection) to
achieve suitably low failure probabilities for the
inspected components

O

I,

_ _ _ _ _ _ _ _ . - - - - - - -- - - - ' - ~ - - ~ - ~ ^ ^ '
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:---

O BACKGROUND lNFORMATION

EVALUATION OF NDE RELIABILITY

Conducted extensive parametric studies one

important inspection variables - 6000
,

measurements

ee Developed-recommendations for-

improvements in procedures
,

Ril- #113 in 1981-

g ASME Code Case N-335 in 1982--

Conducted two round robin tests to quantify PODe

as a function-of crack size; false call rate, and
-

sizing accuracy

se Piping inspection Round Robin in 1982
--- 6 ISI teams that conducted 1500

- inspections

ee Mini Round Robin in 1985
-- -12 individuals and 3 automated inspection ,

-

teams

O.

.-- . - __
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1 BACKGROUND INFORMATION e
IMPROVEMENTS IN NDE RELIABILITY
e Results of these studies showed that the ASME Code

prescriptive UT procedures were unreliable

Performance demonstration would provide thee

solution to achieving improvement in NDE reliability

PNL and NRC staff began working in 1981 on*

developing the basis for NDE system qualification

criteria. Several documents were developed including

the drafting of a Regulatory Guide.

Two industry meetings were held in 1983-84 to ge

discuss concepts, discuss the documents developed,

and obtain input on NDE qualification criteria

Consensus from the 1984 meeting was that ASMEe

Code should develop requirements using the PNL

document as the basis

ASME set up 3 special task groups with participatione

from industry, PNL, and the NRC to develop the

requirements and resulted in Section XI Appendices

Vil and Vill (pub. In 1988 and 1989 Addenda,

respectively).
'

g

_ - _ _ - - - --- -- ----- -- - --- _ - - - - _- - - - - - - - - - - - - - -
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O IMPROVEMENTS IN INSPECTION
.

PROGRAM
Having addressed the reliability problem, nowe

addressing improved criteria for the scope of the

inspection program of what to inspect, the extent,

frequency and how reliably to inspect

The objective of such an inspection program is to*

i maintain / achieve a suitably low component failure

probability for systems and components
'

in 1986-87 the PNL work began to explore a risk*

O based methodology as the best means to develop

improved inspection programs

** Selection based on existence of Information
l (good PRAs) and direct means for including

safety (economic) goals as basis of the
|

Inspection program
* Methodology provides a structured means for

generically ranking reactor systems, selecting

components to be inspected, the frequency

| required and the inspection reliability required.

o :
'

_ _ - - - _ _ . - - _ - - _ - _ ..
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IMPROVEMENTS IN INSPECTION O
3

PROGRAM (contd)
NRC reviewed a proposal in 1988 from the ASMEe

Center for Research and Technology Development on -

risk-based inspection guidelines that closely matched
the goals of PNL's risk-based task. ~

Membership of the ASME task force represented ae

recognized broad based expertise for continuing peer

review of the PNL risk-based work.

Cooperation with the ASME Center for Research ande

Technology Development would facilitate the transfer O

of the methodology and results to ASME code groups

for updating requirements for ISI programs.
_

NRC decided to support the ASME Task Forcee

through a research grant, and to promote close

cooperation between the two efforts.

The methodology has been jointly developed ande

research results and evaluations from PNL work are

being used by the task force.

O

_ -- -- -- -
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O CONCLUDING REMARKS

The NRC is supporting the research work at PNLe

and by.the ASME Research Task Force on Risk-

Based Inspection Guidelines. PNL's work has ,

been used directly by the ASME Research Task '

Force.
,

A methodology for developing risk-basede

inspection programs has been jointly developed
by PNL and-the ASME Task Force

'

g PNL.has performed pilot studies to demonstratee

the feasibility of various aspects of this
.

methodology
,

The methodology has been published in ASMEe
!

and NUREG/CR reports

in the future, the above methodology will be usede

-to develop recommendations for risk-based ISI

. programs to improve code requirements. These

recommendations will ensure that risks due to

structural failures are maintained at acceptable
'

levels.

- . - . _ . . ._ .. - - .
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O
OVERVIEW OF TASK FORCE AND

OVERALL RISK-BASED INSPECTION PROCESS

f

ASME RISK-BASED INSPECTION GUIDELINES RESEARCH PROJECT

U. S. NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

SUBCOMMITTEE ON METAL COMPONENTSi

l ()

KEN BALKEY

|

BETHESDA, MARYLAND

L FEBRUARY 13, 1992

O
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Dr. Dimitrios Karydas - Factory Mutual Research Corporation
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FIGURE- 2-1 RISK - BASED INSPECTION PROCESS

O LWR NUCLEAR POWER PLANT COMPONENTS

e

SYSTEM DEFINITION

e DEFINE SYSTEM BOUNDARY: :
% $UCCESS CRITERIA

e ASSEmoLE INFORWTION

(o

QUALITATIVE hl8K ASSESSMENT

* DEriNE FAILURE W3 DES
e DEFINE FAILURE CAUSES
e IDENTIFY CONSEQUENCES
e RANK SUBSYSTEMS

e RANK COMPONENTS / ELEMENTS

$

4 l'
'

FAILURE MODES, EFFECTS, AND CRITICAUTY ANALYSIS
'

o REDEFINE FAILURE MODE 5,

i e REDEFINE FAILURE CAUSES
8

e REDEFINE FAILURE CONSEQUENCES
|

:

ASSESS FAILURE PROBABILITIESee

O- i
.* ASSESS CONSCOVENCES'
e e RISK EVALUATION

,'
. e R!SK-BASED RANKING

.
s

.

1
it

. TARGET FAILURE PROBAtluTY SELECTION

Risk , o SELECT TARGET VALUE FOR TOTAL RISK
ANALYSIS '

e DEFINE STRATEGY FOR APPORTIONING
;

TOTAL R!$K AMONG COMPONENTS
,

,' - e DETERMINE COMPONENT TARGET FAILURE PROBAB UTY
I

il

| ** JNSPECTION PROGRAW DEVELOPMENT CONSIDERING
SAFETY AND ECONOMIC FACTORS,

i

CHOOSE CANDIDATE INSPECTION STRATEGIES
t e
'

FREQUENCY, METHODS, $AMPLING PROCEDURESI

* DEFINE POTENTIAL FOR DA*GE STATES
8

e DEFINE POTENTIAL FORINSPECTION DAMAGE'
e DEFINE RELMDIUTY OF INSFECTION METHODS

o ESTIMATE EFFECT OF INSPECTION ON FAILURE PROBABILITIES
,

'-
e CHOOSE STRATEGY AND PERFORM 1NSPECTION

| e PERFORM SENSITMTY STUOtES
* CHOOSE APPROPRIATE ACTICri.

'
_ _ _

%

V * WITH AND WTHOUT UNCERTAINTY UPDATE STATE Of KNOWLEDGE

'

|-
+ * U$tNG DEttSION-R!$K ANALYS15 AND STRUCTURAL REUAB UTY/Ri$K ASSESSMENT METHODS

-
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II
ASME SECTION XI ISI REQUIREMENTS

IMPLICITLY INVOLVE RISK-RELATED CONCEPTS -

o CLASS 1, 2, AND 3 CATEGORIES

o EXEMPTION FROM EXAMINATION OF SMALL LINES

o DECISION PROCESS WHEN FLAW INDICATIONS ARE FOUND

o EXEMPTION FOR CLASS 3 COMPONENTS WITN

PRESSURE < 275 PSIG AND TEMPERATURES < 200 F (Bl

9

- .- -
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FIGURE 2-4 INTEGRATION OF TECHNICAL INFORMATION INTO FMECA FOR-
RISK-BASED:lNSPECTION OF NUCLEAR POWER PLANT COMPONENTS i

;.
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Risk-Based Priorities for Inservice ;
Inspection of Nuclear Power Plant

|
| Components ij
l
.

Briefing: ASME Risk-Based Inspection Guidelines Research Project !
U.S. Nuclear Regulatory Commission,

Advisory Committee on Reactor Safeguards
Subcommittee on Metal Components !

i

!
; <

iT.V. Vo !

i
Bethesda, Maryland !
February 13,1992

i
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Highlights

* Overall Methodology
- System Prioritization
- Component Prioritization

* Pilot Applications
-- Oconee-3 Pilot Study ;

- Representative LWR Study'

- Surry-1 Study :

|

* Concluding Remarks |
|

S9201045.2
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Overall Methodology |
q

!

; * Two-step approach: !

1. System Prioritization !

2. Component Prioritization f
'

:

; * PRA information in combination with FMEA |
techniques are used to identify and prioritize
the most risk-important systems and !
components i

|

!

smus.3
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.

System Prioritization'

* Core damage frequency is used as the risk
measure

* Two criteria method for setting prioritization

1. Birnbaum importance - conditional
probability for core damage given system
failure

2. Inspection Importance - defined by PNL
to rank systems for inspection

~

** S9201045.4
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|

Inspection Importance

Inspection importance, l* is defined as the risk. j*

measurement of the accident sequences involving !

s'ystem failures due to pipe break ;

Calculation of inspection importance :
*

; l* = 17* P, !

where 17= Birnbaum importance of system i; |
; it is the change in core damage risk -

'

that is associated with a failure
system i |

:

R = estimated rupture probability of system i ;

:

ss20 tors.s
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!
'

Component Prioritization |
;

* Core damage frequency is used as the risk !
measure j

:

; * Failure Modes and Effects Analysis (FMEA) |

technique is used to identify and prioritize the ;
most risk-important components within the

|identified systems
!

'

* FMEA results are used to calculate the !
-

,
'

ImDortance Index or Relative ImDortance I~

for each component within the sys'tems |
* FMEA results represent core damage i

frequency due to component failures j
|

:1. . ,
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Component Prioritization (cont'd)
:

in mathematical terms, the core damage frequency due to [,

component failure is j

?cd = P, * Z P ,j,,* P,,ip,*R jc i

i
where P,, = hequency of core damage resultir.g from t

the component failure !t

P, = failure (rupture) probability of the component [
of interest j

Pedis, = conditional probability of core damage . i,
,

given the failure of system i :
!

P,,ip = conditional probability of system i failing !
,

| given the component failure ;

:-

R, = probability that the operator fails to recover :4

given a system failure

. ,

S9201045.7
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Component Prioritization (cont'd?

* Need probability of failure for each component

* Because of lack of an adequate data base on l

failure probabilities for components, Expert |

Judgment Elicitation Workshops were
conducted

|

|

S92010455 7
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Oconee-3 Results.

! 1.0 E-02

1 -inside Containment
'

;

2-TDP Discharge Unas '

1.0E-03 - 3 - Discharge to Containments
g 4 - UST Supply Unes
E 5- MDP Discharge Unos
3 1.0E-04 -

3 2 1
6 - TDP Suction Unes5g 7- MDP Suction Unes0u.

E 1.0E-05
2
E f I -yO,

5 1.0E-06 - 4
i>.
1

5 6 I -gO
j 1.0 E-07 - [ 19 |
S 0'

' Constant Risk Lines
1.0E-08 -

D7 0'70

1.0E-09 I I I I

1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00
Consequence (Conditional Probab!!ity of Core Damage)
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Plants Selected for Study
|

Plant Name Vendor / Type /A-E/ Containment

Surry-1 W/HP/S&W/Subatmospheric

Zion-1 W/HP/S&L/Large, Dry

Sequoyah-1 W/HP/ Utility /lce Condenser

Oconee-3* B&W/-/Bech-Utility /Large, Dry

Crystal River-3 B&W/-/ Gilbert /Large, Dry

Calvert Cliffs-1 CE/-/Bechtel/Large, Dry

Peach Bottom-2 GE/BWR4/Bechtel/ Mark I

Grand Gulf-1 GE/BWR6/Bechtel/ Mark III
,

* Completed (NUREG/CR-5272)

S3201045.1 4
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Surry-1 Study

i
* The Surry Power Station, Unit 1 (Surry-1) was

selected for detailed study due to the high ;

quality of the PRA information available, and
because it has been selected for several
ongoing NRC research programs

S32010456 0
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System Importance Analysis

* Results of recent system prioritization
I (Representative LWR Study) for the Surry-1

were used to selected systems for further
analysis:

|

1. Reactor pressure vessel
F

'

2. Reactor coolant system

3. Low pressure injection system, including
the accumulators

4. Auxiliary feedwater system

S32010452 0
-

e O O -
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Component Importance Analysis

* Core damage frequency was used as the risk
measure

* FMEA methodology was used to identifv and
prioritize the most risk-important components
within the selected systems for inspection

|
* Need probability of failure for each component

* Because of lack of an adequate data base on
failure probabilities for components, the ,

Expert Judgement Elicitation process used for
NUREG-1150 was employed

S92010456 1
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F

|
*

|

| Component Importance Analysis |

(cont'd) |

i Plant system drawings, plant-specific video |
a

information management system (VIMS), and i
system walkdowns were performed to identify the |
potential targets (vital electrical buses, etc.j :

;

Guidance in the Standard Review Plan (SRP) 3.6.2 |
*

will be used in determining the indirect effects, !
e.g., jet impingement effects on systems nearby |

1

!

~

S92010452 3
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L Component importance Analysis - !
PRA Data to Rupture Considerations ;

i'

[ * Pipe ruptures are generally excluded from PRAs, since !.

they make small. contributions to risk compared toi

[ failures of active components !

!

* Consequences for ruptures of pipe segments have !.

been estimated from PRAs by considering failures of t
.

adjacent active components (e.g., lack of flow due to
; pump or valve malfunctions)
.

|
* PRAs generally provide no information on probabilities

i of pipe rupture (except for LOCA events)
f

* Therefore, rupture probabilities have been derived !i

from available literature and expert judgement [;

| elicitation, and then combined with consequences !

| from PRAs to calculate risk contributions i

S32010452 1
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:

[ Expert Judgment Elicitation Process
i

:
* Except for some minor modifications, the process is

; generally adapted from the recent method developed
; for use in the NUREG-1150 PRAs
.

| 1. Selection of' Parameters
L 2. Selection of Experts
| 3. Familiarization of issues

1

j 4. Training of Experts {! 5. Elicitation of Experts |6. Recomposition and Aggregation of Results !
!

! 7. Review and Revision by the Panel of Experts |
! 8. Documentation '

f
i .!

s920 0452 s !
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! Process for Estimating Failure Probability
! Using Expert Judgement
!

Historical Data from PRA Results and
.

ractu " " ' Other Relevant Information
| Failure Data (system, component prioritization,a ses
j system descriptions, etc.)
;

{ V V
i

V

| Expert Judgment Additionalinforma9 n0
1

Elicitation and 4 (additional plant-specific
| Discussion information, etc.)

I
;
a

j V
i

i

Estimated Rupture
Probabilities[

;

i,
S9201045 76
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Estimates of Failure Probabilities for g|
Surry-1 Reactor Pressure Vessei '

Components '

Weld 1 '~6"1 W*ld 1 Clreumferential weld, upper
shall to intermodlate shallWeld 2 H c h Wald 2 Circumferential weld,

Weld 3
I o I flange to nozzle

Wold 3 Circumferential weld, lowerWeld 4 i 0 H shell(beltline region)
Weld 5 I O H Welds 4 Circumferential welds,

thru 5 bottom headWold 6 H Q }--* Welds 6. Intermediate and lower
Weld 7 H Q 1--* thru 9 shell longitudinal welds

(beltline regions)
Weld 8 i O F Wolds 10. Nozzle to vessel welds
Wold 9

| C F
C DIAS. Contret rod driveWold 10 F, mechanisms

Weld 11 fTl
Weld 12 *i C l- *

Weld 13 i o _1 g
Weld 14 Q
Weld 15 (~6"I
Nozzle Forgings . Inlet ( o;

-

Nozzle Forgings . Outlet ( o ; -;

Beltline Plate @
Vessel Shell . Outside Q l

Upper Head | C F--*

Lower Head 4 F-'
Vessel Flange !O l
Encfosure Head Flange | C F-*

|
Vesset Studs H C f-*
CRDMs

; c ;

l instrument Line
Penetrations

-j c ;
, , , , , , ,

-9 -8 -7 -6 -5 --4 -3

log 10 (Fallures/ Year)

S9201045 U
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Summary of Results for Surry-1 Study

.For the 4 selected. systems

* Contributions of component failures to core damage
frequency range from 1.60E-06 to 1.60E-14 per plant year
(based on the median values excluding potential
floodings within the plant)

* Cumulative risk contribution is estimated to be about
2.10E-06 per plant year

* The total estimated risk is dominated by failures of |

- Reactor pressure. vessel components (86%)
Low-pressure injection system components (10%)

- Auxiliary feedwater and reactor coolant system
components (4%)

S92010452 4 1
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! . Cumulative Risk Contributions of Surry 1 Components i

| (Showing Decreasing Contributions of Lower Ranked
| Components) |
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Comparison of Residual Risk with Component Rankings
Residual Risk (Core Damage Frequency)|| Inspections Eliminate
All Risk from Components Ranked Higher than Component
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Sensitivity and Uncertainty Analyses

Two basic types of uncertainty were addressed: |
|.

* Parameter Value Uncertainty: component !
:

rupture probability, conditional probability |
; ofcore damage, human recovery action and '

core damage frequency for component failure
]

,

! * Modeling Uncertainty: treatment of the |

| indirect effects (excluding potential floodings ;

) within the plant) of component failures in the !

i model i

f
(
'

,

f
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Hisk-Based Rankings of Surry 1 Components -
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[ with Uncertainties in Estimated Rupture Probabilities !
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Surry-1 Risk Results

AFW
O Supply

1.0E-05 - CRDMs /& CST
Instrument L*1

'

lines LPI

$
> in s Be!!!!ne Weids

0
t A A A 4

10- Ap 1.0E-06 -

.

LPI 10'
S Source
E &

Supply
-

0
-8

h 1.0E-07 _ # Beltline Plate
O Lower Bottom

Constant Risk Lines 10' Shell
A Nonle and

Upper SheII

1.0E-08 I I I I

1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E +00 1.0E-06

Consequences, Given Rupture (CDF)

.
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Concluding Remarks

* A methodology for developing risk-based inspection
plans has been proposed

* Pilot studies have been performed to demonstrate !

the feasibility of the methodology

* The methodology has become part of the
recommendations of the ASME Research Task Force
on Risk-Based Inspection Guidelines

* Detailed ISI requirements will be developed in the
future. These requirements will ensure that risks due
to structural failures are maintained at acceptable
levels

S32010452 7
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TARGET FAILURE PROBABILITIES

i
|
!
t

Briefing: ASME Risk-Based Inspection Guidelines Research Project-
U.S. Nuclear Regulatory Commission -

. Advisory Committee on Reactor Safeguards
Subcommittee on Metal Component .

i

B.F. Gore {
!

Bethesda, Maryland
February 13,1992
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Objective of Inspection Program

To maintain plant risk due to ruptures at an acceptably
low value

Namely, a small fraction of the risk due to failures of-

active components and human operating errors

* -

Oe
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Risk Measure Selected
i

Core damage frequency due to internal events, ast

determined by PRA analysis;

j Same measure as used for component risk-

j prioritization
e

! - Allows the most direct comparison with risks due to
active failures;

i
i

!-
i
1

|

!
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Target Risk Concept'

;

r

ISI program should be designed to hold the total risk of
core damage due to component ruptures below a value
which is a small fraction of the risk determined by PRA
analysis of internal events.

5% is an initial recommended target risk value, but-

this may not be achievable

1

~
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hObjective of Component inspections i

!
!

To maintain component rupture frequency below a target j
:

value
:

* Determ:ned from a component target risk and the
conditional risk given rupture of the component

-|
!
\

!

!
!,

[

t
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Component Target Risk
1

Determined by apportioning total target risk among the '

components

Recommended

Apportion larget risk in proportion to estimated risk

! May result in unachievable inspection requirements

.
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SurryLResults 1

'

!
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q
,

. Total estimated: rupture risk is about 5% of PRA risk
i'
:

. !,

Then target risk, both total and component, x;nals j
.

estimated risk '

!
* Then the target rupture frequency, to be maintained l

by inspections, is just the. estimated capture
frequency used in.the prioritization analysis

.

!
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Comparison of Residual Risk with Target Risk
from Structural Failures

'
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1

;

Alternative Strategies for Risk
Apportionment

!

Apportion target risk equally among risk dominant-

components
t

Apportion target risk to alleviate hardest-to-meet-

inspection requirements

More information is needed to evaluate need for or
,

:appropriateness of these alternatives
.

7

*

e O *
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Conclusion
,

This provides a logical, quantitative methodology for
addressing the question:,

"How much inspection is enough?"
:

;

.,

. _ ._ -
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Inspection Program Development
NDE Reliability / Structural Reliability Assessment

Briefing: ASME Risk-Based Inspection Guidelines Research Project
U.S. Nuclear Regulatory Commission

Advisory Committee on Reactor Safeguards
Subcommittee on Metal Components

F.A. Simonen

Bethesda, Maryland
February 13,1992
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Topics |

!

o Objectives of inspection programs o

o NDE reliability.

o Structural reliability assessments f,

i

o Development of improved inspection programs j

,

e
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!

!

Elements of Inspection Program
;

y

o What to inspect ;

i
o How many. components to inspect (sample size)

o Extent of inspection (surface, volume, etc.)- !
i

o .How often to inspect !

o Method of inspection (visual, UT, ET, etc.) !,

.

o Reliability of inspection method
.

.

I

. - .. ._ ..__ -_.-
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Benefits of Effective ISI

increased confidence in structural reliability (defense in depth)o

o Decreased failure probabilities

Benefits can be achieved only if NDE reliability i

and ISI programs are effective

!

@

O O O .
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Discovery Method for Degradation - from NPRDS Data Base

D_incovery Method Number of Reports

Ultrasonic (UT) as part of ISI program 50 (52%)

Surface penetrant (PT) as part of ISI program 11 (12 %)

Visual as part of ISI program 3 (3%)

Leakage detected as part of ISI program 9 (9%)

Leakage Detected as part of other systematic program 2 (2%)
(e.g. hydrotest, alarms, etc.)

Leakage detected as incidental observation 21 (22 %)
(e.g. walkdown inspections)

Cracks detected as incidental observations 0(0%)

Five most important systems only
Wall thinning and cracking only
Excluding vibrational fatigue
Pipe diameters 3.0 inch or greater

_ _ - _ _ - - _ _ - _



NDE Reliability - Recent Trends

o Data on NDE reliability have increased dramatically
(from round robins and performance demonstrations)

o Codes and standards have improved and more reliable NDE
is practiced in the field ;

o impact on' plant safety requires inspections at proper
locations and frequencies

o Risk-based methods will use NDE reliability data as input to .

develop improved inspection plans
,

!

.

*

O O O .
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Plot of: POD Versus Crack Depth for Clad Ferritic, -

'

Wrought Austenitic and Cast Austenitic Pipe
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.
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SRRA Process for
Evaluating Piping Reliability e
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I

O
Impact of Inspection on Systems with
Decreasing Failure Rate (Case A) versus
increasing Failure Rate (Case B)

1

d
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impact of NDE on Pressure Vessel O
Failure' Probability
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Detection of IGSCC in 10-inch Stainless Steel Pipe
from Round Robin-

1.0 __

[ " Poor''
_

0.5 -

._ .

._

0.2 -

_

m

j " Good"
Q- 0.10 -- Definitions of NDE Reliability

.

}- "Po o r"0.05 - Team 1
"

_ ,,G o o d '' - Team 2
0.02 '' Advanced"- Judgement that improved

procedures and existing
0.01 -

technology can give Pno =
0.0001 for through wall flaw

I I i i I e i iii l i i i i iii1
0.0.1 0.02 0.05 0.1 0.2 0.5 1.0

Crack Depth / Thickness, a/t.
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OPredicted Impact of NDE on IGSCC
f

NOTE: RELIABILITY BASED ON
CUMULATIVE FAILURES OVER

200 -

40 YEARS

N
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!
:

Next Steps with SRRA Models !

,

1

o -Address high priority components and the failure mechanisms as
identified by expert elicitations

Develop SRRA models to. evaluate alternative inspection scenarioso

!
)o Perform parametric studies (e.g.-with PRAISE code)
;

Apply simplified approaches to generalize results jo-

Quantify benefits of ISI (i.e. factor of improvement, inspection !; o
i efficiency,;etc.) for use in decision-risk analyses- -|

;
,

-

,

t

!
,

F
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O
DECISION-RISK ANALYSIS

ASME-RISK-BASED INSPECTION GUIDELINES RESEARCH PROJECT

U. S. NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

SUBCOMMITTEE ON HETAL COMPONENTS

O
KEN BALKEY

BETHESDA, MARYLAND

FEBRUARY 13, 1992'

4

'

-O

_ . . .



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

.. ..

FIGURE 2-17. INSPECTION PROGRAM DEVELOPMENT

e|
|
I

p

I) CHOOSE CANDIDATE INSPECTION STRATEGIES
*

o Define Potential for Damage States UPDATE ;
o Define Potential for Inspection Damage FMECA |
o Define Reliability of Inspection Methods )

.

|

|

l
n |

U

2) CHOOSE AN INSPECTION STRATEGY AND PERFORN INSPECTION
*

o Estimate Effect of Inspection on Failure Probabilities and I,

o Estimate Effect of Potential Degradation Mechanisms i
o Estimate Effect of Potential Loading Conditions
o Perform Sensitivity Studies

&,u

.

3) CHOOSE
(I) OBTAIN MORE

APPROPRIATE :

INFORMATION
ACTION (Sensitivity Studies)

(2) IMPLEMENT
u ACTION

4\ NOW
7| LATER

UPDATE STATE OF KNOWLEDGE

|~
i-

i

o Decision Risk Analysis g

:

|

|
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DECISION ANALYSIS j
,

!

... A Structured Approach For The Analysis Of Business And Technical )
|

Situations impacted By Uncertainty And Risk. |
j

|
-

,
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f
:

: !
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FIGURE 2-38 INFLUENCE DIAGRAM FOR DEVELOPING AN INSPECTION PROGRAM
FOR A LOW PRESSURE SAFETY INJECTION SYSTEM

, p

[QN s q)( a,= o.uwm 's
\,y ma,/- _ , , _ _s

|lI ?on v.e % ,

Nv' ''N I ,/
'

,/ ,;

/ j' mn cew=, r

PC.uf a CCs, N.
[ g

k
.essT CT<W

/ D O''Nc an.cr # u,, t.n,c, ces, N sQ, sN/ / rea no.. n
e m n,< N/ k N N

/ \ ,/ % N~ ,
\ N

yrk,f f 'Nc'?~ f %

u <)) 's & 3,- t_~ ~ ~ ~ [s( m ,..,
s - sm; 7
( :=cos,r)\ v )(''~,_ d '". ... )

| ._,.

( es - _ , _ ,m_, . , m .,! s, ,c. sm m. , s -
|

s

'} 'N "y ./%[scm,,, ,,,y,
f /- s s a,s ,

'
N d /, .nr.1

\ -{"K/'
"""

.g -
O/8

HEY: ,,, jco.61

O = DEC1510t1 rJODE g' ~

' (" ' " "
ccm

y , ( / .w.r.s , oa mcu.erosm

-4/
/ /

O = cHAtJCE rJODE \x' w w' p . Ns4 ' /

(%".7, Z$',4 )O-- @ itArilES \
11tJFLUEtiCES 'N ' _ _A ss's .4

,,
Yt irJCER T Atr JT Y /, ,g

( ""*u c'''S
/ABOUT 2 x

~, 'O'
* TRE ATED As "KrJOWrJ. f

(GIVEtJ EVEtJT OCCURS) %----- -

FOR THIS EXAtAPLE _

. -_



. _ _ _ _ _ _ _

FIGURE 2-39 CONCEPTUAL DECISION TREE FOR DEVELOPING AN INSPECTION |

PROGRAM FOR A LOW PRESSURE SAFETY INJECTION SYSTEM

1

9

t

R AC P' l#"6E CORE RAD!ATION
CHOICE ACCE TABLE DE TECi? REPATR? B- E .

D AM AGE ? RELEASEPT4E5ENT ? 1E AK7' EREAk?* STRATEGY COSTS)SIZE CRACK?,

,

YES YES YES YES YES YES MINOR $"
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ASME ISI NO NO NO NO ?40 NO MAJOR $
_

,
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JOTHER OPTIONS)

i
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TABLE 2-15 >

O LOH PRESSURE SAFETY INJECTION LINE PROBABILITY ASSESSHENTS !

!

II)Chance N0de Conditional Probability !

$ ary Events (Next 30 Ye ns)
1
.

Flaw Present 0.19

; ASHE Unaccept W r P.ize flaw 0.36

No Repair h i epair 0.25 no/0.75 yes :
'

Large Leak 0.04

Break Before Leak 0.001

Core Damage 0.015
Hajor Radiation Release 0.08

Detection:
ASME(2) ISI 0.67

Improved NDE 0.94 >

2 x ASHE frequency 0.90
Half ASME Frequency 0.50'

(i) Each probability is conditional on prior events in the decision tree

(2) For this example, the term "ASHE" refers to the current requirements of
ASHE BPVC Section XI (1989).

,

,

1-

O,

09890:10/111391
- __ _ - _ _ _ _ _ _ . . _ . _ _ _ _ _ , - - _ - _ - - . _ _ . _ , _ . _ - _ . - . . - - - . - . _ ..-_...__.__.~.__/
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TABLE 2 16

LOW PRESSURE SAFETY INJECTION LINE COST FACTORS g
Variable Unit of Heasure 611Mmed Value

ISI Direct Cost $K/10 Year Cycle 500

Evaluation Direct Cost $K/ Indication 80

Repair Direct Cost $K/ Crack 200

Incremental Outage for Evaluation Days 2

Incremental Outage for Repair Days 5

forced Outage for Leak Days 40

Forced Outage for Break Days 120

Incremental Outage for Improved Days 1

NDE Hethods

Replacement Power Penalty $K/ Day 500

Discount Rate Constant $, Risk Free (%) 4

Minor Radiation Relea,a 5H/ Release 4000

Major Radiation Release $H/ Release 10000

O
|

9

09890:1D/111391

_. _
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FIGURE 2-39

VALUE OF INFORMATION ON " CRACK PRESENT"

CRACK CHO!CE RISK-ADJ EXPECTED
PRESENT ? COSTN!L I) COSTiMil 1)

ASME 151
t09 1

YES

/ L19)

2 X ASME FREO.
484 3

ASME ISI
< 1 1

=

\ NO
dL81)

2 X ASME FREO.1

V EY:-

O = CH= rice >JOoe

O = DECISION tJODE ' ""^ "

EXPECTED COST WITH FERFECT iiFORMATIOf4
~ = OPTIMAL CHOICE = 79 X 3 + 81 x 1 = 14

rn>MBERS triPAREtJTHESIS ARE PROBABILITIES EXPECTED VALUE OF PEPEECT nFor-MATori = 116 uttuota .

e O O
--
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TABLE 2-17

O cx^se't tv^tuatio" or insecctio" sin ^'ocits roa ^
LOW PRESSURE SAFETY INJECTION SYSTEM USING DECISION - RISK ANALYSIS.

Expected RiskAdjusted

Large Leak Strategy Strategy RAC/No

Strategy Probability (') Cost ($H) Cost (3)(4) ($H) ISI(4)

No ISI 21.7 E-5 ( 1 603 1.00

ASME ISI 7.2 E-5 1 401 0.67

2 x ASME BPVC Frequency 2.2 E-5 2 217 0.36 -

Half ASME BPVC Frequency 10.9 E-5 1 474 0.79

Improved NDE(2)- 1.3 E-5 3 156 0.26

(w/ASME BPVr Freq.)

'1)- This terminology represents the conditional probability of a large leak.

given that degradation occurs. It is assumed that all of the inspection

strategies meet the target failure probability for rupture. The rupture

O at bre x arob 6''it''' c " be obt''"ed 67 muit'a'r'"9 the ' r'e '* '
probability by 0.001.

(2) Since this case reflects an upper bound on detection probability, a more
realistic choice may be T. x ASHE BPVC Frequency

_

.(3) Risk Adjusted Cost (RAC) is represented-as -
._

-v /R -v /R -v /Rj 2 g
RAC . -R in (p e + p2' + *** * ai' I' I>-7)j

where: R - risk tolerance
th

pg . probability of the i outcome
th

vg . value (cost) of the i outcome

.

(4) Remember that RAC is not an estimate of out-of-pocket cost, further, its

magnitude, which is a hypothetical construct, is of less interest here
than its relative magnitude, which is why the ration "RAC/No 151" is
computed here.

.0989D:1D/111391

< . . .
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FIGURE 2-38.

( RISK RANKING (POST INSPECTION)

-
.

. .-

"
;l

N .

N @-

: '\ . >

PROBABILITY |
' =

,,

OF FAILURE ig
. .

I .

"
'.@ ,

. . .
,

'
.-

CONSEQUENCE

a. Rankiro using Single Point Estimates

Based on Lines of Constant Risk

N -- @

k- _N!
r.\ ' lb!

~

s_ . . __
_

K@r--h . , I-
__

PROBABILITY s
_

0F FAILURE I. 2 .I
I i_ O-

_

@ - _

l 1 ..m ..-s

CONSEQUENCE

b. Ranking, Including Uncertainty, Based

on Lines of Constant Risk

06600:1D/122190

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



. - - - - - - -

. .

O
Re ie.Dii':y Ve: ocs

Aool'oe:: ion ':o

COSSi 2 o aUe ower e.n :s

\iagara Volaw< 3ower Cora.
O ay

_ oyc Smi: 7
.

U.S. Nuclear Regulatory Commission
ACRS Subcommittee on Metal Components

O February 13,1992

Ii _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ . . _ _ _ . . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



- _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

. - . -

O-

-OCLs

W ,y-

Wet,odo ogy-

Resu s

Benefits-

O

-

.

O
|

-. .- -



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

O O O
-;

.

Ris < Con- ro1
,

~

i
!i

'

;

'i
4;

;
.

! Risk Reduction Minimize Plant Transients !

Increase System Reliability |
:

Improve Component:1-

Availability |
; Maintainability

Testing / Inspection |
:

| Proactive program (
Inspect Major items

|-

-
- . - - - - - - . |

:4

h
i
i

!

h

*
i

i
I

_



--_ _. _ . _ . _ _

,,

e'
Recent 3ro|ec"s i

Pro aaa is':ic/ 9e la ai ity |

* T/G Pro':ec': ion Sclemes

* Limes':one injec': ion System

9
,

* Con':ro System U 3 grace.

.

* Li"e Ex':ension

|
|

O
|

|

-_ - .. -.



%

e 6

|

0 -

y. .

>

'__

I I

y..

i !!I fv f .f- -

, = vd5 - w
E E

,,

4 } a

) >"
.-

t .i
.

w ,4
>

Ito 6 i

f
, d.

g } I !- |]I e}aI
% r a 4 *

[8 . i''
i _

a.. .a s.a n a
jN $E*

I

'
.

r ,| o(
''

s,

,

h
'

~s i 1
__

l C
>-

S, 3

1 L.
3, 8 fj 1, b1 3a

E ! |O bj $5 {$5
~ ~ ~ ~ ~

- oam u
N

o
'e.

O
1
|

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



e e

O

Il || |
T~T

E 1 q d

}}klMil! li in - -

j .; - 2 -a .

.

fi

: 1 ,,,

i
.

I. .| ,. I .!! .ll a.li(- -

,3 --

Q j 5 dd*

_,

{i
2

g so,

.

g !

: g 'gj.

_ _ _

I C
*

.

h1j F h li 9 Ds - - -

z-
z

O'

- . -



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

. .

-
.

O

Failure Database

c. mmaw -,- r.<.---._.-

System

Failure Date

Record Number-

Comoonent identifiersN> > b a gFW 12/08/83 458988 3 6 5-00 51-D F P Pump C T 14

FW 03/25/85 238709 3 65-0651-G F P Pump D D 49
.

FW. 04/02/87 038529 3 6 5-06 51-B F P PUMP | T 75 -

6 6 6 6

Comoonent

Failure Severity
Catastrophic
Degraded
incipient

Failure Mode
T-Falls while runnir.;
D-Falls to start

Failure Cause $

- . . ..
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Fossil Generation Failure Data Base
*1989, property of Niagara Mohawk Power Company. All rights reserved.

O~,

HUNTLEY UNIT 65 MECHANICAL COMPONENT FAILURE DATA
;| November 1, 1981 to November 16 1986

SYSTEM OATE RECORO IDENT!FICATION COMPONENT SEVERITY MODE CAUSE

FHOG 12/31/80 415005 365 0652 CONVYR CONVYR I T 7
ASHH 01/03/81 405671 365 0065 FLSHCHT CATE I T 18
ASHH 01/04/81 0 365 0065 FLSHCHT HOPPER C T 7

FUEL 01/05/81 0 365 0651.COALFOR HOPPER C T 20
FUEL 01/06/81 0 365 0652.COALFOR HOPPER C T 14
$UPTE0 01/06/81 414483 300 0012 CONVYR CONVYR I T 14
BOILER 01/07/81 0 365 0065 80!LER TUBE O T 7
FHOG 01/08/81 415260 365 0654 CONVYR CONVYR I T 13
FHOG 01/08/81 415258 365 0653 CONVYR CONVYR I T 13
FHOG- 01/08/81 415257 365 0652 CONVYR CONVYR I T 13
FHOG 01/08/01 415256 365 0651 CONVYR CONVYR I T 13
BOILER 01/09/81 0 365 0065 80!LER TUBE O T 7
FUEL 01/09/81 405686 365 0654 COAL 8NR P!PE I T 6
FUEL 01/09/81 415020 365 0654 C0ALBNR PIPE I T -6
BOILER 01/10/81 0 365 0065 80lLER TU8E D T 7

FUEL 01/10/81 0 365 0653 MILL BRKER C T 24
FHOG 01/10/81 0 365 0654 0MPSCL SCALE C T 30
FHOG 01/10/81 404649 365 0651 CONYYR CONVYR ! T 13
FUEL 01/10/81 415272 365 0653. MILL BRKER 0 i 7

80!LER 01/ll/81 0 365 0065 80!LER TUGE O T 1

O FUEL 01/12/81 415274 365 0653 COAL 8NR BURNER I T 12
FUEL 01/12/81 405691 365 0654. COAL 8NR PIPE I T 6
FUEL 01/12/81 405690 365 0654 COAL 8NR P!PE ! T 6
FUEL 01/13/81 0 365 0654 C0AL8NR PIPE C T 6

. FUEL 01/16/81 0 365 0654.C0ALFOR HOPPER C T 36
FHOG 01/16/81 41$281 365 0653 CONVYR CONVYR I T 14
FUEL 01/17/81 0 365 0651 COALFOR HOPPER 0 T 15
FUEL 01/17/81 0 365 0654. MILL HILL C T 28

-

FUEL 01/18/81 0 365 0654.COALFOR HOPPER 0 T 28.

FHOG 01/19/81 0 365 0654 CONVYR CONVYR C T 37
t BOILER 01/20/81 0 365 0065 80lLER TUBE D T 7

FHOG 01/70/81 0 365 0654 0NPSCL SCALC C T 30
FUEL 01/20/81 415033 365 0652.C0AL8NR PIPE I T 6;

'
FW 01/20/81 0 365 0065 0ESUPER ATTEMP O T 0
FW 01/21/81 0 365 0065 0ESUPER ATTEMP 0 T 0
FW 01/21/81 0 365 0065 0ESUPER ATTEMP O T 0
SUPTE0 01/21/81414496 300 0004 BPA08KR BRKR I T 6
SUPTEQ 01/21/81 414497 300 0020.CONVYR CONVYR 1 T 24
SUPTEQ 01/21/81 414500 300 0020 APRFOR CONVYR I T 12 r

| SUPTEQ 01/21/81 414492 300 0016 CONVYR CONVYR 1 T 14
$UPTEQ 01/21/81414493 300 0015+CONVYR CONYYR I T 22
SUPTEQ 01/21/81 414494 300 0004 CONVYR CONVYR I T 22 ,

SUPTE0 01/21/81414498 300 0013 CONVYR CONVYR I T 12
BOILER 01/22/81 415361 365 65G6 500TBLR ST8 LWR 0 i 11
FH0G 01/22/81 0 365 0651.CONVYR CONVYR C T , 14
FHOG 01/22/81 415038 365 0651 CONVYR CONVYR I T 13

'
4

,
ASHHN0 01/23/81 0 365 0065 ASHHPR HOPPER C T 12

i

i O
.
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Exposure Hours '

i

Maior Comoonents
. .

4

Year att-1 mit-2 mit-3 mit-4 13-F1 ID-F2 FD-F1 FD-F2 | W-P1 W-P2 BF-P1 BF-P2 SF-P3 ! Op ur a fr Mr

;. .
j 1981 6455 6649 6626 6237 7371 U31 7355 7274 4397 2489 '295 15 7266I. 7296!. 8760
,

1982 6896 6725 5848 6923 7597 7535 7586 M70 6491 1123 7311 1580 5926!. 7587| 8760
.

; 1983 M79 5508 5317 6262 6562 42S4 64 M 6244 3861 2139 3939 2577 4106I. 6522I. a760
,

1984 4010 6874 de59 6702 7623 7512 7493 7318 27D4 5010 7 7?S4 7420I. 7502!. 8754;

1985 4379 5454 5949 4147 7640 7716 7490 7021 141 8057 1585 7302 51 5 ! 7512I E760
1986 714 6311 5549 5696 7261 7467 5531 5925 3496 4227 7 5996 5586 7278 8760

1987 5866 5868 7246 6158 8615 8400 7568 8030 6268 2420 4?90 7914 4470! 8454! 8760i.
. .

' 19e8 3116 3344 2719 3129 4823 4022 3972 3650 2171 2822 2475 1146 3899I 3830I. 8734
.

t, 19e9 4250 640s 7192 7081 1308 8527 7916 7569 60 2506 7S61 ' 7 3043I. 8001!. 8760

I 1990 6534 3921 7113 6305 '793* 82s9 7610 7721 2310 3377 4004 3719 7579 ' 7673 2760 7
~

i M MMM M M - MMM
r.e 49679 Sn22 602ta ' 60920 nm 73003 69299 68622 32401 An70 4cna 3nto 59467 ! 719s5 ! a764a'

e eAve 4968 5712 6022 6092 7379 7300 6930 6862 3240 4337 4077 3M1 5947 f 71968 ! 8765
,

i

,

@

g e G '

.
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; Number of Demands

Maior cc-r.sc,+,ts-

Year Mit-1 kit-2 Mit-3 mil-4 ID-F1 ID-F2 FD-F1 fD-F2 - W-PT | e e
N-P2 SF-P1 BF-F2 SF-F3 e Op We e Yr Dr

139 i
1 1

1981 179 189 191 11 11 12 11 10 9 12 1 11 I 7296I. 8760
.

1982 119 105 4% 109 12 13 to 11 10 3 to i 12I 7527 ' 8760 |
.

1983 79 104 221 71 17 17 11 14 8 13 10 11 10 6522 ' 8760 |
1984 126 83 134 152 21 38 25 35 11 8 2 45 21I 7502! 8734 )
1985 245 112 188 199 22 35 39 90 5 6 22 SS 113 7812 8760

1986 73 104 197 203 27 21' 159 122 8 8 1 104 1A8I 7278I. 8760 )
1987 293 89 145 185 15 10 97 63 9 6 * 19 49 I 8454I. 8760

1988 90 86 86 61 19 11 40 17 20 12 13 8 24 3E30I 8784
.

1989 73 78 78 63 16 8 25 15 2 9 16 4 17 8001I 8760 I

I 1900 78 68 68 i 117 19 11 15 12 7 14 6 47 14 7673I 8760m mmmmmmmmm -
Tot 1352 1497 1497 1351 179 175 433 390 90 88 100 325 439 21955 87648

e iAve 135 150 150 935 13 18 43 39 9 9 10 33 44 ! 7196 ! 8765i

'

i

. ,

: i

!

|

|
1

|
,
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COMPONCNTS WITH HIGH[ST CALCULAT[0 UNAVAllABILITl[58

Conoonent h vallability (%)

No. 4 Coal Burner 12.6

Boller Tubes 7.44 |

Group 2 sootblower 5.28 i

;No. 2 Mill 3.83
|

No. 1 Coal Burner 3.68

No. 3 Hill 3.18
.

I

No. 2 Coal feeder / Hopper 2.29

No. 1 Hill 3.13

Group 5 Soctblowers 2.2

Group 3 Sootblowers 1.76

No. 2 Conveyor 1.55

No. 3 Boiler feed Pump 1.44

No. 2 Coal Burner 1.34 g
Attemperators 1.2

No. 1 High Pressure
feedwater Heater Bank 1.01

' Slag Removal system 1.00

Clinker Grinder 0.98,

No. 1 Hot Well Pump 0.91

No. 3 Coal Burner 0.73

No. 4 Primary Air fan 0.418

,No. 3 Primary Air fan 0.402

9
.

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



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

. s

.

10P M CUT Stis CONTRIBUTlHG 10100 PtRC(NT POW (R UNAVAltABltl1Y
,

O
fatture Rate HT1Rb Unavailablitty

_ hri l%)([gt seUCgspg ._{ter br).

Botier lubes 0.00097 76.7 7.44

Group 2 Sootblower 0.033 1.6 5.28

Group 3 Sootblower 0.011 1.6 1.76

Attemperators 0.0013 9.2 1.2

No. 1 High Pressure 0.0023 44.0 1.01

Icedwater Heater

Slag Removal System 0.010 1.00 1.00

Coal Burner No. 4/ 0.000118 40.7 0.48'

Mill No. 2

Coal Burner No.1/ 0.0000322 144 0.464

Coal Burner No. 4

Coal Burner No. 4/ 0.0000984 40.7 0.401

Mill No. 3

Coal Burner No. 4/ 0.000097 40.7 0.395
Mill No.1 ,

Coal Burner No. 4/ 0.00575 5.03 0.209

No,. 2 feeder / Hopper

Demerator 0.00016 15.0 0.24

. Group 5 Sootblower 0.0014 1.6 0.224

No. 2 High Pressure 0.000046 44.0 0.202

Feed Water Heater

Coal Burner No. 4/ 0.000459 4.25 0.195
No. 2 Conveyor

.

O
4

. . .. __
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Unavailability
by Component (Greater than 1%) O

' '' '"

Rohoat Furn Tubos i

mummimmmimummmmmme '"
Superheat Furn Tubos M,,. ,

,m... ,i
,

"""""'?
G71 Bolle Food Pump g

I
musammum

672 Boiler Food Pump f
mammmmmmmmu

671 BF Booster Pump j
mmmmmme

672 BF Booster Pump % g
un

Turbino 9
b '

.

673 Mill /076 Mill

O 2 4 6 8 10 12 14 16 18.

E 1986 E 1987 ' ' 1988
*

v . .- 1989 1990""

.

O
.

O

t
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Unavallabillty
O by Component (Greater than 1%)

'

-c_"
Boller Tubes g

T"'"'"
Attemporators ,

3

M
3 Sootblower Group - '

u

''"?
2 Sootblower Group -

um
1 Burner /4 Burner |-

mas

Bottom Ash (Slag) g
2 Mill /4 Mill

i

9
Turbine -ag

Precipitators -

. ,;, m. .

0 2 4 6 8 10 12

'

M 1986 |E9 1987 '

1988--

.

19901989 *

0
.
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NUCLEAR UTILITY PERSPECTIVE

!

!
.

:

ASME RISK-BASED INSPECTION GUIDELINES RESEARCH PROJECT i

.

U. S. NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS i

SUBCOMMITTEE ON METAL COMPONENTS

O
CHARLES A. TOMES I

WISCONSIN PUBLIc SERVICE CORPORATION

BETHESDA, MARYLAND

FEBRUARY 13, 1992
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UTILITY PERSPECTIVE REGARDING

DEVELOPMENT OF AN INSPECTION PROGRAM

IST CONSIDERATION

SAFETY

O
2ND CONSIDERATION

ECONOMICS

O
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O
EXISTING CHALLENGE

,

TO APPROPRIATELY CONSIDER ALL INPUTS TO THE INSPECTION

PROCESS

SUCH AS

FREQUENCY, HETHOD, POTENTIAL FAILURE MODES, HISTORICAL |

FAILURES, FABRICATION DEFECTS, MATERIAL BEHAVIOR,

LOADING, EXTENT OF EXAMINATION, ACCEPTANCE STANDARDS, O
SCOPE, INSPECTION SCHEDULES, RADIATION EXPOSURE,

PERSONNEL HAZARD, RELIABILITY, REPEATABILITY, ETC.

O
|

~ .
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NUCLEAR-UTILITY PERSPECTIVE |

'

1

i
ASME-RISK-BASED INSPECTION GUIDELINES RESEARCH PROJECT '

:

U. S. NUCLEAR REGULATORY COMMISSION

,

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS <

SUBCOMMITTEE ON METAL COMPONENTS )

O -

CHARLES A. TOMES

WISCONSIN PUBLIC SERVICE CORPORATION

-

,

BETHESDA, MARYLAND

FEBRUARY 13, 1992 '

,

O
.
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POTENTIAL APPLICATIONS ()

o REVISION TO ASME CODE SECTION XI

o SAFETY SYSTEM FUNCTIONAL INSPECTIONS

o MAINTENANCE-METHOD, FREQUENCY, AND SCOPE

o DEVELOPMENT OF NON-ASME CODE SECTION XI PROGRAMS,

E.G. -

NON-QA-1 SNUBBERS-

ED

NON-QA-1 COMPONENT SUPPORTS-

RUPTURE RESTRAINTS-

VALVE INTERNALS-

EROSION-CORROSION-

SERVICE WATER (FOULING, SAND, PITTING)-

IMPINGEMENT BARRIERS-

en

1
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UTILITY PERSPECTIVE REGARDING

DEVELOPMENT OF AN INSPECTION PROGRAM

.

33

'

1ST CONSIDERATION

)SAFETY

.

G
2ND CONSIDERATION

ECONOMICS

9



..

.

..
. .. .

. ,

k

6

9

- - - --- - - -



_ . ._.-.. _ . _ . _ _ _ . . _ . _ . _ _ _ . _ _ _ . _ _.. ._ ___

..
.

1

NUCLEAR-UTILITY PERSPECTIVE

.

9

ASME- RISK-BASED INSPECTION GUIDELINES RESEARCH PROJECT

U. S. NUCLEAR REGULATORY COMMISSION i

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

SusCOMMITTEE ON METAL COMPONENTS

O
CHARLES A. TOMES

WISCONSIN-PUBLIC SERVICE CORPORATION
.

BETHESDA, MARYLAND
,

FEBRUARY 13, 1992
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4D
SUMMARY BENEFITS

O PROVEN TECHNOLOGY

0 PROCESS COMPLEMENTS EXISTING REQUIREMENTS

O FACILITATES INCORPORATION OF EXTRA-CODE,

REGULATORY AND ECONOMIC FACTORS

O DECISION-MAKING REFINEMENT

0 LIVING PROCESS ||

l. O ENHANCES STRATEGIC INSPECTION FOCUS

O EASILY ADAPTED FOR NON-ASME SICTION XI AREAS

O CAN BE USEc FOR MANAGEMENT OF AGE-RELATED

DEGRADATION

.

-
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UTILITY PERSPECTIVE REGARDING

DEVELOPMENT OF AN INSPECTION PROGRAM

1ST CONSIDERATION

SAFETY

O
2ND CONSIDERATION
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Roadmap for ASME Task Force OPhase 11 - Nuclear Power Plant Components

Etens

1. Establish Safety and Risk Objectives

2. Identify High Priority Components

3. Identify General Groups of Components / Locations

4. Establish Goals for Acceptable Failure Probabilities

5. Identify Those inspection Strategies That Can Ensure
Acceptable Failure Probabilities

6. Final Selection of Inspection Strategies Based on*

Cost / Effectiveness

7. Identify Generic ISI Requirements (Frequency, Method - g
including Probability of Detection Needs) From Trends of
Pilot Studies

'3. Work With ASME Section XI Members to Achieve
Enhanced Inspection Requirements

9. Prepare Volume 2 - Part 2 Document

Suoportino Pilot Studies

Steps 2-7 will require the following three activities

1. Risk-Based Rankings including
Expert Elicitations for Component Failure Probabilities

2. SRRA Calculations

3. . Decision-Risk Analysis Calculations g

_ - _ _ -

..
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ASME RISK-BASED INSPECTION GUIDELINES RESEARCH PROJECT-

U. S. NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

SUBCOMMITTEE ON METAL COMPONENTS

O
CHARLES-A.-TOMES

WISCONSIN PUBLIC SERVICE CORPORATION

BETHESDA, MARYLAND

FEBRUARY 13, 1992
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