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am not just speaking of nuclear power plants == that cost

billiong of dollars. They are very difficult to inspect.

In fact, some of them when they were bullt, were practically
un~inspectable., 8o, as these things age and you need to
asgess what is going on with respect to the overall plant,
and we are not just talking about a section of piping, We
Are talking abou’., again, a complex plant with systems,
components and now best to go about it.

AE you know currently, there is only one gection
of the ASME Boiler and Pressure Vessel Code at least, that
deals with inservice ins)  ection, That is Section Xl.
Section XI ie based on Section 111. Section I1I has tive
classifications for construction. Two of the five are
really the same as ~~- let me tell you exact'y what they are.
They are Class 1, Class 2, Class 3, Class MC which is metal
containment, and Class C§ which 18 core support structures.
Core support structures is very much the same as the Class
1. Class MC is very much like Class 2.

8o, in effect, there are three ways of building a
system, While they are not inherently talking about risk,
the regulatory actions have directed people to bulld the
more risk sensitive structures to the higher
classificatione. Section X1, of course, has done the sanme
thing., We are talking about implicit recognition of risk

throv=h engineering judgment and qualitatl ‘e methods,
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1t would be a lot better 1f there were a
methodelogy that one could tollow that would explicitly
recognize risk and “euld, in a systemized way, come up with
procedures for what to inspect, when to inspect, how to
inspect, that would recognize ‘'gain the consequences of a
fallure. The Codes and Standards Research Planning
Committee and the Board on Research and Techhology
Development, the Council Codes and Standarde, this is back
in == you will see a slide here on chronology == in about
the 1986, 1987 timeframe endorsed the project,

Some of you may know Ernie Damen. He was the
initial Chairman of 1he Codes and Standards Research
Planning Committee fvom Foster Wheeler.

MEk. SHEWMON: Bobk, you know more about the Code
than 1 do, but there certainly are some =-- you must inspect
primary systems within ten years and soc much at periodic
intervals. There are things of that sort, yet you talk
about Codes and Standards that cover periodic inspections
are practically non-existent, Are we going to get into what
you ==

MR. BOSNAK: What 1 am talking about, 1 am talking
about not just nuclear. 1 am talking about our broad-based
complex structures, petrochemical.

MR. SHEWMON: Okay.

MR. BOENAK: 1f you will, bridges, transportation,
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11
not handling risk due to valves now, it could. 1t could do
*hat.

MR. MICHELBON: As 1 say, | was caught a little by
surprise, I thought it was going teo, and it‘s a little bhit
of a disappointment to find that probably the biggest risk
contributor in the plant is not in the program,

MR. BOSNAK: We recognize exactly that, You will
hear about that later.

MR. MICHELSON: Okay.

(6lides, )

MR. BOSNAK: 1 want to go through these rather
quickly. The initial objectives and in the initial
objectives, as Mr. Michelson has recognized, we are ta'king
about inspection guidelines for pasgsive components, We
wanted to come up with a program teo be able to recommend not
only the ASME but perhaps ASCE, 1EEE. 1EEE has been
involved in reliability. Here is a method that could be
used.

The chronelogy guickly, and 1 have covered a lot
of this, g0 I am not going to dwell on that.

MR, MICHELSON: Betfore you leave that, we are
really concerned here 1 guess, about risk<based methods, and
1 assume we are also worried about risk that these passive
components might present. 1s& there any part of this program

that is going to get at the issuer of probabilitles of pipe
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12
breaks and that sort of thing?
MR, BOENAK: Yes, you will hear about that,
MR, MICHELSON: Thank you.
MR, BOSNAK: Some of you may have heard of the
Risk Analysis Task Force that started about in the 1985,

1986 timeframe, That, nov, has become the Bafety

Engineering and Risk Analysis Division., Here again, you see

the process that they went through., In 1988 the Task Force
members were established, and they developed this detailed
work plan. The funding by the sponsors commenzed in 1988,
Again, NRC was one of the spongors, We are talking here
about Phase 1.

Phaee 1 ig now conmplete or will be complete with
the publishing of Volume 2, Part 1. All of you, 1 think,
have at least a draft copy of that document. You also have
the final version of Veolume 1, That is Phase 1, Volume 1,
the General Methodology Document., Veolume 2, Fart 1, on
nuclear facilities has gone to the printer,

1 think this chart here =«- and we have covered a
little bit on it with the Center == this is the ASME
management structure. MHere, from this horizontal line, is

the group that provides policy, management and oversight.

This ie the group, and some of you have participated. 1 know

Dr. Shewmon on Section X1 and others on variocus other areas.

Bll, some of you are familiar with that, Subcommittee 11,

R R R T UEEEEN—ee. [ T e i R  ————
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13
Subcommittee 3, these are all boiler code activities,

MR. MICHELSON: Where will the motor operated
valves be on that chart?

MR. BOSNAK: It would be in another box. That
comes out here, on the Committee COperation and Maint:nance.

MR, MICHELSON: That's just now shown ye ',

MR, BOSNAK: It's just not showing., There are
several boards, actually, there are five boards, We only
show two of them here, The Board on Nuclear Chdes and
Standards is now chaired by Bob Dick ftrom Duke Power. The
Board on Pressure Technology Codes and Standards, they deal
with the non-nuclear area, Is chaired by Walt Michel
currently. There arc three other Boards, Standardization,
SBafety Codes and Standards, and the Performance Test Codes.

The HBoard on Research is the one that we have been
talking about here, and the Center for Research is the one
that is physically located downtown. Codes and Standards,
Research Planning Committee is this organization, 1 am the
current Chairman of that group. We are responsible for
getting the job done.

We currently have active projects =~ there are six
active projects -~ totaling roughly about §1.1 millien,
Briefly, you are going to hear about one on Codes and
Standards and Reliability, if you will, just the last slide

in my presentation. That, again, ig the Codes and Standards
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Research Planning Committee., There is another Committee
that doesn’t ghow here. 1t's called the Technology
Opportunities Planning Committee., It’s the one that is
supposed to look ahead with respect to needed research, not
dealing with coedes and standards. Before this group can
start on any project it has to get the approval of the Hoard
on Research which reporti to thig Council and Codes and
Standarde, the dotted line that you see coming out here,

We cannot start on anything. We can‘t go out and
reguest funding from interested parties unless those two
groups have given their approval,

MR, WARD: 1It'’s a complicated managenment
structure: does it work?

MR. BOSNAK: 38, 1 haven't had any problens.
The only thing that might be complicated is over here, the
boiler code reports to two masters. They are looking at how
to perhaps simplify that., But there are dangers of
separating nuclear from the rest of the world and vice
versa. Those of us that have been invelved in this for a
period of years think it‘s a pretty good way to operate,

We have acguired the knowledge, particularly
materials, welding, NDE and all of that, that has come from
the bagic industry.,

MR. MICHELSON: Hob, before you leave that,

something still bothers me a little bit, The O&M
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| MR, BOBNAK: 1 think you will hear =+~ yes, it is, i

2 MR. MICHELSON: I thought it was. |

) MR, BOSNAK: You will hear the things that may :

K give you some more comfort on what we are doing. %

] {Slides.) E

6 MR. BOSNAK: | have covered wsome of thie already. |

7 Phase 1 is to provide the document which you have ln your i

f hands. That's Volume 1. Volume 2, Part 1, is for nuclear :

9 power ftacilities, Then, priocritize other areas, so many !

10 some of the things that Carlyle Michelson is talking about .

11 could tit in here later on, For Phase 11, that has already I

; 12 «= at least for what we are going to be doing =« has been i

[ . 13 prioritized, BSome of it, the priority depends on the ;

l 14 sponsors as well. i

i 16 Phase 11 is to prepare additional documents, You f

| 16 will see later on, exactly what we are talking about. ;

. 17 Again, it’s applicable to any industry. 1 think i

; 18 this is very important. General risk-based methods that can i

i 19 be used to develop appropriate inspection progra=ms, That 5

! 20 is, 1 think, very important for you to keep in mind, What }

! 21 it does do, it brings inte the picture economics. Whenever |

E 22 you deal with a complicated system you have to weigh |

l 23 economics and safety and engineering,

I 24 Volume 2, Part 1, again, i8 what wve talked about ?

i 25 with respect to compenent rankings, compenent prebabilities
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fuel fired electric generating station applicatiens. Volunme
4, AP1 18 a very active participant in this area, petroleum
refinery processing and storage applications. Velume % is
for the Department of Energy, non~commercial nuclear
facility applications. Of course, Volume 2, Part 2 =« and
you will hear a lot more about that «+= s going te be the
detailed requirements that Section X! <= and there’s a lot
of interaction going in with Section Xi. 1 think Dr,
Shewmon knows about the interaction that takes place.

Once this has been developed, we just can’'t just
drop it on Section X1 and say here is what we think s
needed, There is going to be a lot wf interaction, Future
phaseg under consideration, 1 suppose here we could put
valves and active compenents., We haven’t, but I think your
input on that is most useful.

MR. WARD: Bob, 1 notice you have ailrcratt there,
As 1 understand, the Air Transport Industry haa had, for
many years, a reliability centered maintenance program which
seems to have some of the same goals and approaches that you
are talking abo.. here. la& there any conscious connection
between your program and that?

MR, BOSNAEK: Yes. Ken Balkey and others will be
getting into that. We do have on our team, people from the
ajircraft industry.

MR, WARD: Okay.
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MR, BOSNAK:! With respect to actually developing a

document, that's down in future possible activity.
MR, MICHELSON: 1s the aircraft industry more i
interested in passive fallure than active failure? !
MR. BOSNAK: Ken? |
MR. BALKEY: I am Ken Balkey, and 1 am the |
Chairman of the Research Group, The Alrcraft industry has
had the reljability group that you mentioned for quite some
time. It is a result of the Aloha Alrlines accident as well
as the 747, where part of the fuselage blew out over Hawaii.
They formed an aging aircraft research group of the aircraft
manufacturers and the airline companies about two years ago,
With Dr. Smith who has been on ocur group since the
beginning frem McDennell Aircraft, he has been interfacing
with the Federal Aviation Administration. 1In fact, we are
due to have a meeting with the Federal Aviation
Administration to determine how could the ASME research team
help with their research work, trying to address the passive
aspect of structures in aircraft.

MR. WARD: What about information coming in the :
other direction, the experience of == |
MR, BALKEY: 8o far, Dr. Smith has provided us

quite a bit of information from his applications at
McDonnell Alrcraft and also what has gone on in the airline

industry. You can see some of it In the appendix of the
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Volume 1 document. We have established == he has brought
his information and we have not transferred over te thelr
group at this point yet,

MR. SHEWMON: 18 that group aleso limited to
passive components, or does it get into actuators too?

MR, BALEKEY: The aging aircratt research group,
from the best of my reading of the literature and talking to
Dr. 8mith, is has juset passed.

MR, SHEWMON: Thank yowu,

[Blides, )

MR, BOSNAK: What 1 have up here now == and you
will see, and 1 will try to explain =~ the difference
between direct and indirect, These are the direct sponsors,
Here, we are talking Phase I1]. NRC was a direct sponsor for
Phase 1. To give you an idea, Phase | was about
$200,000,00. Phase 11 is budgeted for about $470,000,00,
Currently, we have in hand, about §370,000,00, That is
giving you some idea,.

Phase 11, of course as you saw, covers more than
Phase 1 did, and that's why there are several areas. You
see NRC, the National Board, the National Rural Elect-ig
Cooperative Association, the Insurance Industry. There are
three here. APl because, again, the petrochemical. DOE,

0il Insurance is another menmber of the insurance family, and

EEL.
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back to 1977, What wvae started, there were several arear,
1 think what we are talking about here (s the effectiveness
and the relliability of nondestructive examination methods.
Whether we are talking about ultrasonic, we weren't as
interested at that time in radiography. Ultrasonic waa the
prancipal thing that we had in mind, berause if the
reliability of the method is poor =+« if we didn’t know what
the reliability vas, then how could you use it in any kind
of a4 risk-based process,

That was what we are talking about here, how can
we improve that process. Since we have referenced in the
regulations the ASME code in 50685(a), how do you improve
that, You see here the Round Robin tests that were
conducted te quantify this probability of detection. That
wags the effort that was going on in the 197/ to 1987
timeframe,

Out of that has come changes within the ASME code,
Principally, 1 am going to point to Appendices seven and
eight. This is tor people qualification. This is for
performance demonstration, the process that you are using;
can you effectively find the flaws that you belleve are
present and the kind of flaws, depending en whether you are
talking about intergranular, 1GSCC, or something else,.

Having addressed at least somewhat the reliability

program and out of that came things like SAFT-UT, what was
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hext. You see here we are talking about what to inspect,
the extent, the frequency, and the reliability of the
inspection. 1In about 1986 or 1987, PNL began to work to
explore what we call a risk-based methodology. That was
going on at the same time -= about the same timeframe that
ASME started its research program. You see that the
gelection is based on information, You go back to the PRA's
that are around. The metheodology that PNL was working on ==

and you will hear a lot more about Surry this morning from
the speakers that will follow. We think it provided a
structured means for ranking the various systems in a
nuclear power plant,

MR. MICHELSON: 1 am a littie puzzled by that
statement. My recollection of looking at the PRA’s that are
around is that they don’t do a very goed job in decliding
what the prebability of pipe rupture is, They kind of use
what 1 weuld ¢call generic numbers.

MR. BOSNAK: We have adapted these -~

MR. MICHELSON: I den’t think it has anything to
doe with this in that reupect,

MR. BOSNAK: Again, you will hear more about how
we did that or how we used that in the process, At the same
time, we are talking about the Center which you heard
earlier, has developed its program to come up with a method

for risk~based inspection guidelines, As far as we in NRC
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Michelson, is the pressure boundary of the passive
components.,

With that, 1 am ready to have my friends from PNL.

MR. SHEWMON: Thank you very much. We are
slipping a little bit on schedule, but not doing bad., Thank
you.

MR, BOSHAK: FKen is our principal investigator,
and he'’s the leader of our Task Force,

[8lides.)

MR, BALEEY: Thank you. Once again, ] would like
to add to Mr. Bosnak, that we sincerely appreciate the
opportunity to meet with you today on this important
project, not only for the nuclear industry but many
industries. ! would like to speak to the concern that Mr.
Michelson raised dealing with valves versus the passive
components .,

lLet me go back toc how the project got started. 1
wasg a member of the Risk Analysis Task Force in its
inception in 1985, and met with the Codes and Standards
Research Planning Committee in June of 1986, Dr. Alan
McGaysee who was Chailrman of the Risk Analysic Task Force at
that time, We identified several areas in the Code where 1
thought the probablilistic methods could be used.

Actually, that Committee was very concerned, They

picked up on the area of inspection, because if you look
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across the United States, we are not building any new power
plants, any nhew processing facilities, no new off-shore
structuresn, Our infrastructure is getting old, The concern
is, and there have been aver the past ten yeare, naeveral
serious accidents that were structurally related: whether it
was pipeline fallures and so forth,

he concern was that the first defense, given that
our econonmy is such that we are still not goeing te be really
providing aew facilities, the fiist defense is to provide
pome type of inspection proaram to the industry to lower the
rigsk or mitigate the risk of these very serious accidents,
We fully appreciate and understand your concern on the
valves: that what has happened in the industry when the risk
assessments are used, whether it’'s in the nuclear or in the
non=nuclear areas, the risk sssesaments focus on the human
error, equipment error and as you said, Mr. Micielson, the
structural part is well modeled to some extent using
historical data,

What happens with those assessmpents, 18 that the
age degradation has a tendency not to be addressed, The
focus of our project is that particular piece. We want to
maintain that these sgtructures will not be major
contributors to rigk., There are enough things already
adding to risk in facilities across the country, and we want

to make sure that the structural contribution remains at a
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nuclear, and now we are in our Phase 11 effort, expanding
now inte the other industries as Mr. Bosnak had stated.
What ) would like to do first here is recognize
the contribution of some very talented people. Rather than
just reading through the names, I think it’s more important
to determire what skills and what technology are needed to
set up a risk-based inspection program. There are three
primary skills that are needed and are represented by this

group.

The first one is the reliability of the inspection

technigues themselves. We have Dr, Fred Simonen frow
Pacific Northwest Labs who has been working in that area on
NnC research here for a least the pa.t ten years, He 18
very well recognized in the industry for his skills. The
next group is to address the concern of how can you predict
a probability of fallure in a structure, given the
uncertainties in potential degradation that may be there,
the reliability of the inspection tec¢hnigues, the
uncertainty in the loadings.

That requires a very special skill, and we call

that structure reliability or structure reliability risk

agsessment skill. It's very different than the probablistic

risk assessment technigues that have been used across the
industry today. With that, there are several people on the

Task Force with that skill.
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Dr. Ayyub, from the University of Maryland, has
developed models for bridges, marine structures and other
civil engineering applications. Vic Chapman, from the
United Kingdom, has developed models for the UK submarine
program and for pressure vessels in piping. He has developed
work in that area, Dr. David Harris, from Failure Analysis
Assocliates, has done that work in both the nuclear and
fossil, and he has even worked on the space shuttle engines
in applying those type of technigues, As well, he had sonme
processing equipment as well too.

Going down through this, Dr, Herb Smith, that’'s
what he does for a living at the McDonnell Aircraft Company.
He is a structural mechanics engineer for McDonnell
Aircraft. You see, there are some contributors at
Westinghouse., Bruce Bishop of Westinghouse 1s our expert,
and he has been working with the team, making contributions
to the project in that area. You can see that there are
several people from several different applications, in
trying to come up with methods to make failure predictions
because you can’t rely on historical data very well.

Or, if you want to determine the effect of new
inspection programs or new technigues, you will almost have
to model it rather than trying to make an estimate of what
that number may be.

Finally, the last skills are the experts who have
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done what I would like to ¢all is the probabilistic risk

assessment of entire plants or systems or facilities., With
that, there are a number of people, Dr., Brian Gore has been
the expert for the Nuclear Regulatory Commission in that
area for more than a decade. Dr. Dimitrios Karydas has
developed that technology for the insurance companies, His
company is an engineering arm for several insurance
companies, and he has done everything from paper nills to
fossil plants, to processing facilities and many other types
of industrial insurance appiications,

Jerry Phillips, who formerly worked for Carolina
Power and Light, actually was the probabilistic r sk
assessment expert at Carolina Power and Light before moving
to lIdaho National Engineering Laboratory. He is now doing
that work for the Department of Energy on their non~
commercial nuclear facilities. Going down through the list,
Trueng Vo, who we have him here as an honorary member but is
being brought up as to a full Member of the Task Force. He
has been doing sume very gooed work, “ich you will hear
about, on tane Surry application working with other members
of the tean.

I think I have covered just about everyone in that
area. Thers are some other additional skills that are
brought in. Ttere is Dr. Lee Abramson from the NRC. He has

been brought on the Task Force and actually has been working
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with us for the last 18 months to two years., His expertise
has been invelved in the expert elicitation to get initial
failure probabilities to go into the risk assessment for
structures. He has also been very instrumental in reviewing
the probability and statistical calculations and methods
that have been recommended in both the Volume 1 and the
Volume 2 document,

You see some additional contributors down below on
the hottom of the viewgraph here, Dr, Robert Perdue from
Westinghouse is an economist. He is chairing the other
project that Mr. Bosnak mentioned on the reliability,
feasibility of using reliability methods in the code. His
work over the last several years 18 taking == we willl speak
about it later -~ is integrating uncertainties and technical
applications with the economic uncertainties. There is a
strong interrelationship in trying to determine programs
that meet safety requirements and economic requirements at
the same time,

Guide Karcher and Radhakrishnam from EXXON have
been very instrumental in yr~~iding a link to the American
Petroleum Institute, and in helping get our Volume 4§
document launched in that effort. In fact, the effort that
they have done over the past year has been in addition to
their own research they are doing at EXXON, and have

contributed to the preoject. Mr. Karcher has worked with the
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APl executives within that organization to form a risk-based
inspection group in the APl made up of petroleum companies,
that will interface with a subgroup of our research groups
80 that, as Mr, Bosnak sald, we don’t develop a research
document and drop 1t on the group.

They are going to work with us, sc that as the
research is carried out they can decide what new recommended
practices that they will need to put in place on their
applications. That has been their contribution.

Mr. S8tavrianidis has been working with Dr. Karydas
on the fossil plant application for us, and has done some
very excellent work. There is one name =-- there are two
names that I have missed. Lloyd Smith, from Niagara Mohawk,
who you will hear about later, has developed using
reliability metheods on a fossil plant. He is going to talk
about how these methods have helped to improve the
availability of their fossil units at Niagara Mohawk.

The newest skill that we have just added to the
group is, as we go now into take actual applications to make
recommendations to the Code, we are adding Mr. Chuck Tomes
from Wisconsin Public¢c Service, who is the IS1 engineer for
Wisconsin Public Service. He was the [S1 engineering at
Kiwanee for the past nine or ten years., He is going to be
providing very valuable information, hands on information

that we need tc have in order to finish ocut our Phase 11
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efforts.

I think 1 have covered just about everyone on the
group. You are going to hear from a spectrum of these peopie
over the course of the day here.

MR. WARD: Ken, I am glad to see that you seem to
be paying scme attention to the statistical methods. This
Committee has recently had some problems with application of
some statistical methods in some of the NRC work. It has
kind of developed some sensitivity in that area., Certainly,
the PRA pecople are conversant with statistical methods,; but
it‘s not guite the same thing there.

Their concerns and emphasis tend to be one systems
and so forth rather than making sure that the statistical
approaches are pure and honorable and all that. 1 think
that deserves some particular attention, 1 think.

MR. KERR: This is one of the great values of
working with a team of pecple from the government sponsored
laboratories, industry and academia. 1In fact, Dr. Ayyub at
the University of Maryland, has made a tremendous
contribution in the area of the statistics. In fact, a lot
of v.. examples involving one he did with colleagues at the
University of Maryland to centribute to the group.

He has a very strong background in that area, and
so does Dr. Perduer at Westinghouse, There are several

people in the group == in fact, I would say just about
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everyone in that group is very ccnversant., We are avare of

the concern that you folks have raised, That was one of the

strong reasons why we brought Dr. Abramson actually onto the

group to work with hand in hand, to make sure that that
concern is addressed.

(8lides. )

MR. BALKEY: Necw, for our Steering Committee, It
is primarily made up of representatives from =+ Mr. Bosnak
is on the Steering Committee primarily from the aspect of
the Codes and Standards Research Planning Committee and the
Council on Codes and Standards. There was a guestion
dealing with the conj;'ex management structure of ASME.

1 can only say, this is a project I have been
working with ASME since 1985 in getting the effort started.
1 have been in business for 20 years, and I would like to
speak my own personal opinion. The management structure
works guite well. The Codes and Management Standards
Research Planning Committee that I meet with and several
members meet with our group have been providing very
valuable direction to the group. I have met with the Board,
I have met with the Council on Codes and Standards, and the
input that we get and direction is keeping us on track in
making sure that we do get things delivered on time.

In addition, ocur sponsors -- a number of our

sponsors come from the organizations providing direct
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Nuclear Operating Companies and now with TKS International,.
He was from a utility, und he also has reviewed the report
and provided very valuable input,.

You can see that there is8 4 group that ir
overseeing to make sure that this project stays on track and
does deliver.

MR. SHEWMON: We aren’t making up any time on the

schedulrn,

MR. BALKEY: I will ckip the next one. What we
say in our viewgraph here is that we =-- on this viewgraph
here, we have organized intc subgroups. The group does meet

three times a year collectively. The purpose of breaking
the group into the working sessions first of all is to work
closer. For instance the Long Range Planning Committee of
Section XI on Monday. there is now discussion of possibly
doing what the American Petroleum 'nstitute has done, and
that isn to form within Section X1 a group that will work
very closely with this subgroup, 80 as the results come
together they can be delivered into implemented into Section
XI in a more feasible manner,

[Slides. ]

MR. BALRKREY: This is the process that has been
developed. 1It'’s essentially a five step process dealing
with how you want to apply risk-based techniques for

inspection programs. The first box, of course, 1s defined
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MR, MICHELSON: Thank you.

MR. BALKEY: In fact, what 1 would like to do ==

j
]
l

the last three components make up the presentation for the
balance of the day. You will hear from Truong Vo == will
cover the risk~based ranking that has been done to address
the concerns that you have just addressed, Mr. Michelson.
Brian Gore from Pacific Northwest Labs will be doing the =~
how you g't target faillure probabilities that have to be
achieved with the inspection program.

Finally, Dr. Simonen and 1 will be back to discuss
the actual development of inspection programs to meet those
targets and address cost considerations at the same time.
Net on the agenda -- we just learned last week that Mr.
Chapman from England would be here. Mr. Chairman, 1 was
going to ask that if there was a few minutes, if we could
following my presentation, if he could talk about how they
actually implemented a risk-based inspection program on the
UK Supmarine Program, taking actual inspection results and
upcdating the risk assessment, making it a very living
process. I think you would be gulte interested 1n a few
viewaraphs that he would have.

Finally, you will hear a prospective from -- Lloyd
Smith is geing to talk about how he has applied these
technigques ai. {C«wsil plants. You will get a perspective

from Mr. Chuck Tomes from the utility on how he views the
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use of this technigue and Mr, Wendlund on insurance.

MR. SHEWMON: Fine.

MR. BALEKEY: I will close with that.

[8lides. )

MR. VO: My name is Truong Vo, and 1 am with
Pacific Northwest Labs at Washington, In this presentation
I will address one of the boxes -=- ten =-- addressed earlier
in the failure moda of critical analysis. In this, 1 will
briefly go through the methodology that includes the system
prioritization and it follows by the component for
prioritization. I will spend probably most of the time in
the pilot applications, and specifically I will focus on the
Surry applications. Finally, the concluding remarks of the
methodology and the work to date will be presented.

For our methodology we utilized the two step
approach. That is, at first we prioritize the systems using
the PRA results and it 1s followed by the component
prioritization for some selected systems. Again, the PRA
information or the preobabilistic risk assessment information
in combination with the FMEA and FERC analysis, technigques
will be used to identify and pricoritize the most risk
important system and component for further consideration.

At the ocyzstem level we used the core damage
frequency as the risk measure, and we developed the two

criteria for accepting our prioritization activities; that
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is the Birnbaum Importance. It is defined as the
probability of the core damage, given a system failure, 1In
other words, studies the condition of probability of the
core damage given the total system failure.

Withr that, we developed the inspection importance
studies=, We will describe this in the next viewgraph, That
is, the product of the Birnbaum Importance in the system
failure estimated, Again, the Birnbaum Importance is the
Core damage risk associated with the total system failure
and the estimated rupture probability for that particular
system of interest,

MR. KRESS: Pardon me., You say that the I is the
change in the core damage risk.

MR, VO Yes.,

MR. KRESS: 1 fail to see how it 18 a change in
risk. It leooks like a contribution to risk, to me,

MR. VO: I should say that is the probability of
the core damage, given that particular systemnm, I should say
that,

MR. KRESS: It‘'s not really a change,

MR, VO: Basically, the derivative of the total
core damage with respect to the particular system failure =--

I should say that contripbution toc the total core damage.

MR. GORE: It’s a change, in the sensc of going

from normal operation with the system in normal operating



10
11
12
13
14
1%
16
A%
18
19
20
21

22

a6
mode to the increase in risk when the system is assumed
failed.

MR. SHEWMON: Sometimes that's called ==

MR:. GORE: The word changed is used here,

MR. VO: At the component level bas.cally, for the
most risk importance systems identified the further analysis
will be identified for the component. Again, the core
damage freguency is used as a risk measure and a failure
mode and FERC analysis technique will be used to identify
and prioritize the risk important component for further
interest, The results will be calculate at importance
index, or relative importance for each component within the
system selected for the study.

You will see a little more as 1 present the
results in the feollowing viewgraphs.

MR. MICHELSON: You are doing all of this on
passive failure conditions only, and once you experience a
passive failure of vcurce there are several active
components; that, if they don’t function you are in deep
trouble. Yet, that part seems to be ignored in here.

MR. VO NG,

MR. SHEWMON: It's part of a PRA.

MR. MICHELSON: That'’s a problem with PRA. For
instance, on reactor water clean up on a boiler PRA ignores

it, because it says probability of the failure of the pipe
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is ten to the minus five range, probability of each of the
valves will close is another ten to the minus three or four
each. As a result, it’s a non-problem. 1In reality it
depends on whether those numbers are any good for the case
of the pipe treak as opposed to the case of normal operation
of the valves.

Those kinds of things just aren’t in PRA
presently. That’s why I thought we were going to get to it.

MR, VO: I think you probably it 1s much more
clear for you later on in the following viewgraphs. You see
application == the Surry application. Hopefully, that will

MR. MICHEISON: It will be clear later?

MR, VO: I hope 80.

MR. MICHELSON: Thank you.

MR. VO: At a component level basically, again,
this is the egquation to describe the component
prioritization activities, Basically, the core damage
fregquencies for that particular component of interest is the
product of the failure probability of rupture. Probability
is the interest parameter in this analysis, multiplied by
another product -~ summation of the condition of probability
of the core damage given the system, In this particular
case this is the Birnbaum importance.

For a time, the condition of probabllity of the
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system failure given the component failure basically we use
the fault tree analysis, fault tree results from the PRA to
identify this particular parameter. We also include a
probability of a recovery operator,

Again, summation, basically we include the direct
factor 18 the failure of the system. Given a component we
also include in the direct effect; that ia, for the
particular component fallure that could impact or damage the
aystems or components and could create some core damage =--
the room and including the vital eguipment,

This viewgraph basically tries to address since
th: PRA normally did not address most of the failure
probability or rupture probability of some component of
interest, therefore, I will elaborate this a little bit more
later on during my presentation., Because of lack cf that
data and historical data, it is not sufficient for use in
our analysis. Therefore, we used =axpert elicitation as one
of the methods to come up with our rupture probability for
our study. Again, we will discuss more this in the next few
minutes.

MR, MICHELSON: I1s your rupture probability going
to be for unit length of pipe, for instance?

MR, VO: VYes, sir. IT will be in piping segment-

MR. MICHELSON: 1f I have 100 feet of pipe with
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two locations where erosion/corrosion might be a possibility
and I have 1,000 feet in another case with two cases, one
case the rupture probability i& going to be one~tenth of the
other? 1It’s only two rupture locations, whether it’s 100
feet or 1,000 feet, it’s the erosion/correosion points that
you have to look at from the probabilistic viewpoint, not
the number of feet of pipe.

MR, VO. Probably we will address that in the next
viewgraph as well. We haven’t got there yet. We are still
in the methodoleogy now.

let’s talk about application of our studies,.
Basically, our developed method had reen applied first as
part of Oconee study, and again for this particular study we
addressed the complete system prioritization activities for
that particular plant using the PRA results, We performed
limited prioritization. As I discuss in a little while, we
selected auxillary feedwater system as one of the systems
for further analysis. The method had been proved to be
successful, Therefore, we are looking for a generic
applicabilities. Therefore, we also selected some
representative LWR for further studies.

Again, this study we could look at the system
level . Finally, at Surry study, we performed a complete
system prioritization and we also performed a detailed

component prioritization. This study we will spend quite a
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bit of time on this and hopefully will have addressed a lot
of gquestions that have Lbeen raised,

For Oconee Study -- just flip it over for results,
This is the results for auxillary feedwater system at the
Oconee ) plant. This viewgraph plot by the conseguence
condition of probability of core damage versus the
probability of rupture of the component. 1 think the message
of this viewgraph is basically as you see, the component
one, two, three and five it is relatively high == it has
relatively high rupture probability.

However, when they fail it makes a small
contribution to the total core damage. Again, the component
for that is the UST ~- the supply line of the auxillury
feedwater system., Again, when it fail it could disable the
tntal systems. Again, component seven, that is the suction
line of the auxillary feedwater system. Again, when it
fails, it could cause the total system failure. Therefore,
cantribute significantly to the total core darage,

MR. KRESS: 1If the total core damage frequency was
on the order of ten to the minus four due to all causes,
would you look at whether or not these things are worth
warrying about?

MR. VO: Basically, the message =~- basically I
provide you with the idea for your further performance of

inservice inspection at component. For example, say what it
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The criteria that we selected for our analysis is
based on the reacvtoer vendors, For the plant types, the
PWR’s we included in the architecture/engineer consideration
as where that is including the containment designs.

Finally, availability of the PRA is one of the dominant
important for our selection criteria.

Without going further in detail, these are the
results of the -~ these are the plants we have selected for
our study. We selected Surry. That 1s, the Westinghouse,
subatmospheric containment type, Zion, large dry,
Westinghouse design. Seguoyah, Westinghouse condenser.
Qconee, B&W larcge dry. Crystal River, B&W large dry.
Calvert Cliffs, CE large dry and the two BWR’s, Peach Bottom
11 and Grand Gailf 1.

Basically, mest of the these plants selected was
addressed in the NUREG 1150 PRA’s.

MR, WARD®* Can ! ask a guestion? You seem to have
gone to some trouble to select different type of
containments, but your risk measure is core melt freguency.

MR. VO: That 1s correct.

MR. WARD: 1Is there really much significance then
in this -~

MR. VO: For some plants it is. Again, I might be
wrong, it be:n quite some time for example =-- for the Peach

Bottom the RCIC ==~ 1 believe their reactor core isolation
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reactor pressure vessel should rank the highest, wWhen you
tall the reactor preéssure vessel the core damage 18 assured.

MR. WARD: Trat’s a pretty interesting plot,

MR. VO: There is another similar type of plot is
for BWR's, and you deo not have in the package. Bagically in
general, you see the reactor pressure vessel i#s ranked first
and it's followed by the RCIC, the HPCI and 1 believe that
service water system - @nergency service water systems,
lLastly, the power cenversion systems,

Let’s discuss about Surry applications. For this
particular application we performed our analvsis 1n detail.
Again, for the four systems selected we will elahorate in a
few minutes, Basically, we selected the Surry 1 for our
further study, basically due to the availability of the good
PRA informatiorn, That had been selected for several ongoling
NRC research programs for example, aging research program at
the NRC, the risk program at the NRC.

With the results of the system prioritization
activities -~ and I presented earlier -- basically we
selected four systems for further study. They are the
reactor pressure vessel, reactor coolant system, low
pressure injection system including accumulators, and the
auxillary feedwater systems.

This viewgraph kind of repeats the earlier one 1

mentioned earlier, basically the core damage freguency. We
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MR, MICHELSON: I am asking what is8 he using a
FMEA for.

MR. VO: 1 think the key point of discussion
basically 1 think because of the PRA did not addrese the
rupture probabilities of the components of interest to us,
Therefore uJing the result ¢f the PRA and then we broke
down for the =~ we tried to incorporate or include the
rupture probabilities in that particular components.

Mk. BALEKEY: The other thing, the reason you conme
back to the FMEA, PRA will calculate the direct conseguence
but these guys have gone with the utility and walked the
plant down to see what indirect effect may occur, which you
can’t model in in the =~

MR, MICHELSON: | am talking about the
incompleteness of the PRA,

MR. BALKEY: That's right. 8¢, they walked down
the systems to get the vonsequences made up of a direct and
indirect portion.

MR. MICHELSON: If you are going to refine that,
then you really ought to include the probability of
isclating that break as well. The real probability of it,
not the used in the PRA, because the PRA did not recognize
that you are under several times normal flow in those
valves. Bob knows all about this problem. That’s not in

the PRA, and you have to recognize that.
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1f you want to modify that ==

MR. SHEWMON: He has a comrent,

MR. GORE: 1 will roger your suggestions and
criticisme, We are in a pilot development of a methodology
and its first application., We have a rather modest research
budget, The few hundred thousand dollars that has gone into
this effort has ylelded, ! think, some resultas which you
will be very interested in.

Recognize that geing back and reanalyzing and
taking apart the FRA's is to change probabilities of
failures of the active components la a non-trivial task,
which we would be delighted to addreass given that the
methodology proves out and we are given the go ahead for
future work. Right now, we are in the tailored series mode,

M/ . MICHELSON: I1f you had a tru'y complete PRA
you wouldn’t have the FMEA: ls that your view?

MR. GORE: 1If you had a complete PRA that went
down in the cutset retained for analysis, three to four
orderse of magnitude in probability which would put you into
the many thousands of cutsets =~ unfortunately, that
information does not exist, So, we have developed this
methodolcgy as an approximation te incerporate the extengive
investments in modeling these plants represented by the
FRA’s to combine rupture probabilities with conditional core

melt probabilities, which we extract from the informatien in
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the PRA.

We are not re~analyzing the PRA's except to
identify that conditional proeobability., But we roger that
yes, we could go In there and further modify them once the
methodology is proten relevant and useful.

MR. KRESSE: The reason those things don't show up
goes back to the guestion | asked before. They don’t add
significantly to the core melt probability; therefore, they
get eliminated in the cutsets,.

MR. GORE:{ That'’s correct. When I make my
presentation on target risk, the whole objective of this
exercise is to risk prioritige the small contributions to
risk which =~

MR, KRESS8: That's why you have te go back and
redo the FMEA.

MR, GORE: Yes. The objective is to keep those
risks down in *ne grass and cut of the PFRA's.

MR. WARD: Now, 1 understand. The previous

interesting plot vou showed was, of course, only fo.” each of

those systems only dealing for rupture -~ pressure boundary

ruptures in those systems and not for faillures of active

components in the system. That's why we are working down In

this ==~
MR. KRESS: Supposedly the active components come

inte that plot, because they show up In the condii ‘anal
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probability of core melt. They are in there,

MR. GORE: In some sense, yes.

MR, SHEWMON: Let’s go on.

MR, VO: 1 weuld like to address one of mnmy
concerns. Basically, this is earllier viewgraph. The
recovery probability operator == it could include if an
operator failed to isolate the isolation valves, something
like that. Again, that would include ir that equati "s,
You have ‘o peint out in term ISI.

At the component level basically, we have to =~
the Virginia Electric Power Company or VEPCO, they have to
provide us a lot of technical information for our analysis.
Basically, at the beginning of the analysis we obtain a
system drawings from the site and we performed a number of
system walkdowns and tried to identify the potential targets
given the component failures,

For example fallure of the piping segment of the
auxillary feedwater system within the room at the Surry site
and could damage the vital electrical bus nearby or could
damage the valves, or could create the potential flooding
for that particular rooms. We had performed a number of
system walkdowns at the site,

We used standard review plant 3.6.2 for
determining the indirect effects due to jet impingement of

fracture in the system nearby.
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(Slides. )

MR. VO: Thies viewgraph basically address the why |
do we need the rupture probabilities for our analysis. |
Basically, since the pipe rupture is generally excluded from |
the PRA and they make a small contribution as compared to
the risk == compared to fallure of the active components,

For example, in PRA analysis a Jlot of component rupture that .
had been included in the fault tree analysis == however, at :
the final cutset analysis in PRA they had dropped out
because at the PRA they had to kept up some certain level,
for example, just anything less than one to the minus nine
for example had dropped ocut from the PRA results.

The conseguence for rupture of pipe segment had
been estimated from the PRA by considering the failure of
the adjacent active components, For example, lack of flow
due to the pump or valve malfunctions failed to open or
close, that type of nature., Normally, the only rupture of
consideration for a piping within PRA ~- consider for a case
of LOCA only for example -~ therefore, again, we used expert
judgment elicitation,

This is the method we used for our estimates and
rupture probability for the system of interest to us,

Again, we basically should adapt the NUREG 1150 for expert
judgment methoed developed for NRC. Basically there are elght

steps. Again, first the selection parameter for our
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analysis, we are interested in the rupture probability of
the piping segments or components depending on the systems =
= I mean for example reactor pressure vessel we call the
components weld or something like that, For other systems
we are interested in the pipe segment., Again, plpe segment
could include the pumps, the valve, the T~elbows, flanges
and other compenents.

On the step two basically in the selection of
experts, we had selected the -~ we had chosen the expert
members from the utilities, the vendor, the Federal
governments, employees, and universities and so on and s0
forth., Before the expert elicitation really is conducted we
send the material to the expert member for their
familiarization ©of the jssues beinyg addressed,

During the expert workshop we alse provide
training., Again, the last workshop had been conducted last
week, Dr., Shewmonh was one ©of the members of our expert
panel. We did not provide a training for our earlier
workshop a couple of years ago but we did for the last
workshop, and it took place last week,

Basically, for elicitation did a face to face ==
that elicitation at the workshap == with the results, wve
obtained we will combine and aggregate the results., Later,
we will send the material back to our expert panel for

potential review and revision., Finally, we document our
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average these things or what you do with the average after
you have it?

MR. KREES: How you average them,

MR. SHEWMON: Averaging, 1 think, you have ==

MR. VOu I think how you combine all the results.

MR. SHEWMON: How you combine ten experts, the
numbers.

MR. ABRAMSON: What we are doing asg far as this
project is concerned is displaying the results in more or
lese standard box plots, For example, we take their median
or so-called best estimates and present these in terms of a
box plot with the extremes shown and 25th and 75th
percentiles shown, as you see on the slide there.

This lg a description of what the experts are
coming up with, It doesn't =« it is# not a combination in
the sense that this tells us what we are going to do with
them as far as calculating in a FRA, Yeou certainly want to
take account of the often very large uncertainties that are
demonstrated here when you try to actually put numbers in.
What that will do, of course, it will lead to large ranges
of uncertainty in your results.

MR. SHEWMON:; Okay.

MR, KRESS: 1 understand what they are doing now,.
1 am not sure 1 agree that’s the right way to do it, but I

understand it,




10
11
i2
13
14
15
16
17
18
19
20
21
22
23
44
25

68

MR, SHEWMON!: let’s go on then.

MR, MICHELSON: Did you use expert opinion for
other than probability of pipe rupture?

MR, ABRAMEON: We consider that there are a lot of
different components that we asked some gueations about,

MR, MICHELSON: Asked guestions about, relative to
their pipe pressure boundary rupture potential, or ask other
guestions?

MR, ABRAMEON: 1 think maybe ! would rather not ==

1 am not that familiar with the specific questions that
woere asked of the experts.

MR, MICHELSON: The chart he just flashed, of
course, was for pressure boundary ==

MR. VO: For ocur analysis, again, the parameter of
interest is the rupture probabllity of the compenent
interest only., Again, we asked expert what le& the
probability of rupture of that pipe segment per year. We
also asked for providing the rationale of the estimates. 1In
other words, why the member provide us that particular
results.

To make that eight bullets, eight items.
Basically, at the expert nmeeting expert eliclitation workshop
-~ basically we provide the historical failure data, what we
could, and the data from other analysis including PRA

resulte., Also, additional information from the site
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specific. We conducted an elicitation. Again, before actual
elicitation there will be a lot of discussion to ensuie all
the expert member had the grasp of what we are looking for.

Again, this viewgraph represents an earlier expert
workshop, That's not the lazt one,

[6lidesn.)

MR:. VOt This ie the example of the results [ put
up earlier. Basically, for the reactor pressure vessel as
yeu see basically, we provided as the box. This is extreme
value of the expert members provide us our results. The
lower end of the 2% percentile and the high end is the 75
percentile of estimation of combined results. The circle in
the middle, the median value of the estimates.

As Dr. Lee Abramson discussed, we tried to combine
all expert member into single value tor our use,

This is anvother example. Again, you don’t have
this in your handout. This is the resulte., We had a plot =~
=~ guickly == last expert workshop last week, Basically, 1t
is similar type of the results, 1In this case we looling for
the RHR the residual removal system at the Surry site.
Again, this is the plot and the median in the %% percentile
of the median case, You do not have this in your handouts.

MR, MICHELSON: These expert elicitation were for

the several different systems of interest, including the

#ervice water system.
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MR. VO Yes, @ir.

MR, MILHELSON: 1In the came of the service water
system, did you elicit the probabllity of fallure of large
metal bellows in those systems, of which there often are?

MR, VO: Could you repeat? 1 didn’t hear last
part.

MR. MICHELSON: Did you include in the pressure
boundary for service water dystems a possibility that there
may be a large metal bellows that was to fail, and what its

probability might be?

MR, VO! Yes. We include from the +~=- again, Surry

include from the suction side of the canal through the
discharge side or other components =«

MR. MICHELSON: Do you, by chance, recall the
number that you got for probability of failure of a three

foot metal bellows?

MR, VO: No, we had not done it yet, Basically we

did it last week =~
MR. MICHELSON: You are going to do it?
MR. VO: Yes.
MR, MICHELSON: You haven'’'t doneée that one yet.
MR, VO: No, We elicit ==
MR, MICHELSON: Metal bellows will be included as
pressure boundaries, even though they are not necessarily

covered by the code.




“ L

i 1 MR. GOKE: We have the raw data. We have not
l 2 reduced or analyzed the results of the elicitation process.
i k| It was finished last Friday. We haven’t sat down to analyze
| 4 the data. é
I % MR, MICHELSON: You understand, you are looking |
6 beyond ASME components then?
7 MR. GORE: Absolutely. This is a risk=-baged |
B analysise, and we are trying to follow the logical lines of |
9 inguiry. |
10 MR. MICHLLSON: Thank you,. !
11 (81ides. ) :
12 MR. VO: Again, this is with just plot for some }
. 13 components, that expert eliclitation we conducted last week. :
14 This 1% another one, as compared to our base case, This is !
1% piping segment from the reactor coolant system through the I
i 16 first isoclation valve toc RHR, as compared to the first one. E
| 17 Again, you do not have this in your plots. i
18 Basically in the summary, again for a system of i
19 interested as | indicated earlier, they are reactor pressure ;
20 vessel, reactor coclant systems, low pressure injection I
21 system and auxillary feedwater system. Based on this four :
| 22 system the contribution of the component failures due to %
, 23 core damage ranging appreximately one to the minus six to ;
24 one to the minus 14 per plant years., Again, the median i
25 value, I
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MR: WARD: 1t Jlooks closer,

MR, MICHELSON: Apparently, service water wvasn't
in any of these ==

MR, YO: We have not =+ these four system of
interest, we have not included service water system in here
yet, Basically this here again, net a block, Again, you
see that the reactor reqgion iw ranked firet, followed by the
other RPV components, low pressure injection system, another
RPV component, Lastly as you see, accumulator suction line,
that ranked last. Not an entire block with the results that
we have.

MR. SHEWMON: Go on.

ME, VO: We also performed a sensitivity and
uncertainty analysis, Again, at this time, very limited
sensitivity and uncertainty analysis has been performed,
Basically two type of uncertainties we are addressed. They
are the parameter uncertainties and the modeling
uncertainties,

We addressed component rupture probability
uncertainties. Remaining basically had been addressed in the
PRA. Therefore, we have not done a lot of work in this yet,
Again, will be done, probably the Monte Carlo type will be
addressed in our future study.

On the model ing uncertainties, hasically at this

stage weé are also performed the indirect effect uncertainty
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at this stage, Basically, you do not have Iin the handout
basically the contribution to the core damage. The indirect
effect is insignificant,

MR: MICHELSON: Are you going to leook at human
error as well ag human recovery?

MR. VO: That is included in here, and will be
addressed in the future udy .

MR. MICHELSON: duman error includes also the
maintenance man who goes around and adjusts all the valves
wrong and, therefore, none of them work?

MR. VO: | belleve ~~

MR, MICHELEON: 1Is there a small but finite
probability of that happening? 1 guess you didn’'t, 1 was
trying to find out where human error was, and it was in that
human recovery action.

MR. SHEWMON: This includes maintenance errors
teoo,

MR. GORE: Human error is only included inasmuch
as it was included in the PRA that did the initial analysis.
It shows up in the conditional probability of core melt,
given the rupture of the component,

MR, MICHELSON: 1f it waen’‘t in the original FRA
model, then it won’t be in your work.

MR. GORE: Absoclutely, We don’t have funds to go

back and visit these -~
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MR, MICHELSON: 1 just wanted to find out =«

MR, GORE: == PKA's,

MR, MICHELSON: =« what was the scope of the
study, Thank you,

[S8lides. )

MR. VOt This i another plot, the same type of
plot that you see earlier, again with uncertainties bar,
Basically, uncertainty bars here, and addressed using
different rupture probability estimator from expert
judgment, In other words, the circle is the median value
and this 1g the upper and lower values estimated from expert
workshop. 1In other words, 295 and 75 gquartiles.

Here is another type of plot, Basically, tried to
«= later on we will be using this plot trying to address
some of the target risk prebabilities. Again, you see the
message is all 1 can say is, this is basically the beltline
regions is failure relatively high rupture probabilitien,
Again, when that rupture could make big centribution to the
core damage,

MR. MICHELSON: The PRA’s that you used, did they
all include the internal flooding effects of these ruptures?
1t depends on whether they did the PRA with or without
external events or with internal flecoding. Some de and some
don't,

MR. VO: In this one they have, Again, for our



















10
11
12
13
14
15
16
17
18
19
20
21
22

L
~

24

25

LI

MR. WARD: Bryan, what is the bagis of this vision
for the program -+~ the first chart you want to maintain the
risk due to ruptures as a pmall fraction of the total risk.
1f 1 was locking at some sort of a grand strategy for
optimizing cost and benefits, I guess 1 would say the
resources being spent on this activity could better be spent
on activities to reduce the risk from the higher
contributors -+« perhape they don’t need to be spent at all.

MR. GORE: When you say cost and benefits, you are
thinking cost and benefits of resgearch program dollare 1
guess 1 would suggest that ==

MR. WARD: Not ju~% research program dollars, but
eventually this s going te be translated into some more
elaborate and more expengive 181 reguirements of plants, 1
guess .

MR. GORE: There is more than passing hope that
that may not be the case. We don't know whether it is going
to require more elaborate and more expensive 181 procedures
or less. What we are attempting to do is to pursue the
logic of a riek~baged program development s8¢ that we can
evaluate whether or not (t may result in either increase or
reduction of the 181 requirements, It will also provide an
epportunity tec evaluate economie risk right now, because we
are working for the PNL for the MNuclear Regulatory

Commission, Our work is focused on core damage freguency
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because we started on this process about almost 20 years
ago.

Maybe 1t’s not a perfect answer to your guestion,
but 1 think it’# the best that 1 can give,

MR. MICHELSON: But to make this thing work, wve

have to m ke sure that PRA'g refliect aging etfects as well =

MR. BOSNAK!: And, they don't.

MR, MICHELBON: Or you will migs finding the right
thing.

MR. BOSNAK: They don't.

MR. MICHELSON: What are we Jdoing to try to
improve the goodness of FRA in this regard? Unlesas we do
improve it, this process s very limited,

MR. BOSNAK: This might be a == this is a
suggestion that the Committee makes., The shortcomings of
PRA‘s, we have seen it in our process. 8Since we don’t do
the PRA's, we are not responsible for them but we have to
use them. Nobody has really documented a list of the
shortcominge, People have talked about them. This could
alsc be one of the results of our research project here,

MR. CHAPMAN: May 1 say something, Mr. Chairman?
From our point of view, we have now just put forward a
program to our safety reliability director. With regard to

the amount of inspection, it increased it by one percent,
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which is a very interesting job., With regard to the other
guestion, what ha. been very interesting in doing this work
is that where we have phown where the probability of
fallures may be concentrating in various areas within the
plant, that has made our PRA people readdress muvch of the
work they have done,

There has been guite a benefit, certainly from our
point of view, from this work, 1 was making the comment to
Ken a little while agoe that for the first time ever, we feel
that w are just one step in tront of our FPRA people now
instead of four steps behind them,

MR. MICHELSCN: You really should be behind them,
They should be leading and you are f2llowing throuch with ==

MR, CHAPMAN: 1 think 1 agree with that, but it’s
quite interesting that that has changed some of their
thinking.

MR. MICHELSON: It’s an iterative process, 1
guess.

MR. CHAFPMAN: 1t 18,

MR, MICHELSON: " think you are ahead.

MR. BHEWMON: oOkay, onward,

MR. GORE: Moving right aleng. We suggest that an
181 program should be designed to held the total risk of
core damage due t0o component ruptures below a value vwhich is

a small fraction of the risk, determined by the PRA analysis







10

11

16
17
18
19
20
21
22
23
24
25

88
addressed?

Somehow, we have to take our total risk which we
have suggested shoulua be five percent of the total PRA
value, and assign it among the components which have been
evaiuated. It seems eminently reasonable that this target
risk should be apportioned among the components in
proportion to the estimated risk which each one represents,

wWhen we did this process for Surry, we found the
somewhat interesting result that the total estimated rupture
risk which was shown on the slides that Truong put up
earlier, is just about five percent of the total PRA risk
that was calculated for the Surry plant. That’s an

ateresting fact because first of all, we only looked at

yur systems and we had four more to do including high
, "essure injection and inservice water., Five percent may
ot in fact be an appropriate value, We may have to revisit
what seemed like a logical, although ad hoc, suggestion of
five percent.

In any case, if we just take the Surry results,
recognize that the total estimated rupture risk is about
five percent of the PRA risk, then that’s our target risk
which we need to define inspection programs to maintain. If
we apportion that in proportion to the estimated risk, then
what that basically say is the inspection should hold the

rupture probabilities of these risk important components to
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the values which were estimated in the expert elicitation
panel which produced those results,

When we started out the logic of developing this
we didn’t anticipate that we would find that one to one
overlap. We identified the methodology, and then were
somewhat surprised when we polled the resgults in and found
that result,

MR. MICHELSON: How do you handle the case wherein
the total risk on a given plant is extremely small to begin
with., You are still going to try to Kkeep ruptures five
percent of that extremely small number and, therefore,
force a lot of things to keep it that small?

MR. GORE: In the present situation, I suggest
that what we are proposing 1% reasonable. 1f we manage to
stomp the estimated risk down by one and one-half orders of
magnitude, then it’s guite reasonable that we should revisit
this. 7This is a policy decision that can be separated from
the methodology, the concept of risk-based inspections and
soc forth, and can be wrestled with an appropriate number
determined.

It's just one piece of a much larger overall
puzzle. No, I am not presupposing that we should
inordinately increase the inspection requirements if we are
able to further push down the risk associated with active

components,
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MR, MICHELSON: You haven’t suggested any ceiling
though at this tine?

MR, GORE: 1 don’‘’t think we are at a point at
which that’s appropriate. We are still struggling to get
the first full application to the methodology and find out
what the logic tells ue., We believe we found some things
that make eminent good sense. They support the engineering
analysis, they support a lot of the good sense that’s in
ASME Section XI., We found some surprises, which suggest
that maybe this 1sn’t just a total waste of time also.

If this is the total risk associated with the
rupture of components, about two times ten te the minus six,
our five percent target risk is just about that value.

Then, from a risk point of view, about two orders of
magnitude in risk is where we ought to be concentrating our
inspections. These are the risk dominant components, If we
really focus on these riske, these components can move up
several orders of magnitude. We probably want to do some
gsampling, to make sure that there is nothing untoward going
on.

But it is these components from a basis of risk,
that we ought to be focusing ocur inspections on. 1f we look
at the Surry results, what does that te'' us. The product
of rupture fregquency with conditional consegquences of damaqge

i8 risk, and that’s going this way on the chart, Ten to the
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minus sixth in risk is this line here, Ten to the minus
seventh, eighth, ninth,

The reactor vessel beltline welds are the most
risk dominant conmponents in the plant, by about a factor of
20. Below that, we have the beltline plate material, the
lower and bottom shell welds, and the upper shell and nozzle
welds. This is not a legend. These are actual points on the
plot associated with the conditional core damage frequency
of one, If you ha'e a major rupture in any of these regions,
you have no longer a guaranteed ability to prevent core
damage.

Right on the same risk line to the beltline plate,
we have the supply to the aux feedwater system, which also
at this plant is a single failure. It has a much higher
likelihood of rupture, but the probability of core melt is
basically the probability of core melt given total loss of
the aux feedwater system.

In addition, we have several discharge lines in
the low pressure injection system and in the source and
supply for it, and just for fun I included the core rod
drive mechanisms. There is really two points here, alsac the
instrument lines., You recall the plot that Truong put up,
the box and whisker plot from previous expert elicitation
which showed that the rupture probabilities of the beltline

welds were the highest, there were a variety of points, and
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then there were some outliers, That was the rupture
proebabilities associated with the control rod drive
mechanisms and the instrument lines.

They are up on the top of the vessel. S0, we
asgsessed that they would lead to a large break LOCA, and the
conditional consequences of a large break LOCA are
considerably less because of the ECCS requirements for low
pressure injection and high pressure injection, the ability
te keep water over the fuel.

These then, are the risk dominant components which
we have identified so far in our study of the Surry plant,
and to which we would suggest that a risk-based inspection
program should focus primary inspection attention on.

We acknowledge that a recommendation of
apportioning our target risk among all components in
proportion to the estimated risk may not be best or most
workable in all cases. There are other alternatives, and we
are going to have to look at them. For instance, you could
take the top ten risk dominant components and apportion the
target risk equally among them. I don’t think that makes
senge, but 1t’'s an option.

Likewise, you may find that there 1s some
component that is very risk important or modestly risk
important, that you simply can’t inspect adequately. You

might allow that risk to rise and focus your attention on
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other components sucl; that you can push down the risk

associated with those components, We will have to see how
thing.. shake out in further analysis,

In any case, right now we are sticking with our
recommendation of apportioning it on the basis of estinated
risk.

[8lides. )

MR, GORE: Here 1s what the Surry results would
look like if we took the basically two times ten to the
minug six total risk, divided it by ten, and then assigned
that equally to each of the varioue compopents identified,
You would have to inspect somehow very aggressively, such as
to push the probability of rupture of the beltline welds way
down, but you could then allow inspectiong of other
components to be relaxed if that turned out to be
ippropriate or necessary.

MR. BOSNAK: 1 just want to point ocut a typo on
the abscissa on this cne and the other one. The extreme
right ==

MR. GORE: Yyes, that is meaningless. My apologies.
This type of an approach you see, comes back to the whole
concept, is there a target risk., What is the objective of
inspection. I1f you can somehow say I am going to hold the
total risk associated rupture for this plant to some value,

then you have a rational method of approaching how you want
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think the important thing to always keep in mind, I think

this program has always been looked at is that we are not
looked at to do more inspection but in many cases actually
doing less inspection or maybe no inspection at all on
certain things that are not really at all of concern from
the standpoint of risk but maybe they are inspected a lot by
ASME Section XI type code requirements,

Other cases, there are things that aren’t
inspected that are very high, like the reactor pressure
vessel. We have to mavybe do more effective inspections, 1is
what we are looking for. There are other things perhaps
like service water systems, where maybe there is no code
inspection at all is being done. Maybe some kind of a more
minimum type of inspection is reguired.

I would like to say a little bit about the
cbjective inspection program, how we tie in some of the NDE
reliability data we have gotten out of our PNL pregram into
this work; how we periorm structural reliabllity assessment,
probabilistic fracture mechanics in this area, and finally
leading into this gquestion of how we end up with improved
inspection in programs which Ken will talk to you a little
bit about on using the decision risk analysis methods.

what do we mean by inspection program. 1 have
listed the things that really what you need to answer 1f you

are going to develop an inspection -- what are you going to
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inspect, what vessels, what welds, what pipe segments. How
many in the inspection, winat kind of a sample size do you
need to get the result you want. Even within the extent of
inspection, are you just doing a surface examination, a
volumetric inspection. What kind of area you need to
inspect to find the degradation you expect to find,

Inspection freguency, huw often are you talking
about, once every ten years. Maybe some method that i~ done
on an annual basis that -- method of inspection, maybe some
cases just a purely visual inspection will be adegquate where
in other cases you need to go to more methods like UT/ET,
perhaps even cocoustic emission in some cases.

Finally, what is the reliability of cthe inspection
method. What kind cf probability of detection is needed.
Before going on, 1 would like to raise two points that Vic
Chapman has emphasized to our ASME group very forcefully and
1 guess very often, the benefits of I8 really come in two
areas.

In many cases where you have to look at 181, you
are not really reducing the failure probability of the
system but what you are really doing is, you think the
probability is low and you are doing an inspection to get
confidence that it is low. This would be considered just
something like a defense in depth. 1In other cases you may

have situations where you don’t feel your risk is where you
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think it should be, and you are doing sufficiently rigorous
inspections to actually reduce risk.

However, 1 always look at this in terms of, if you

are going to get either of these benefits you have to have

an effective NDE relilability program. 1f you have a method
of inspection, you are not going to find cracks. 1In any
case, you are not buying anything for either of these
aspects. You need a good NDE reliability and you need an
overall program i terms of inspection frequency in sampling
that will get you there.

A few years back in our program we had a session
with some of the NRC staff on just where we should be going
in inspection programs., Tney saild maybe the first thing we
ought to lock at is some of the data that has come out of
the inspections that have been done on plants over the
years, I guess both to get information on where are the
problems actually occurring in plants and where should we be
doing an inspection, and also the guestion of have these
inspections we have been doing to date have been discovering
the problems that are occurring out in the field.

This viewgraph is a quick look at some data we
pulled out of the NPRDS database. What we looked at was we
pulled ocut some data from what 1 call front line systems,
RC2/HPI type systems. We only looked at things like pipe

thinning and cracking, thingg& that Section Xl type program
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would hope to detect. We have excluded things like
vibrational fatigue that might occur in things like small
diameter lines,

We are looking at how well has been the current
inspection piogram has been doing in discovering defects in
piping. What we found is amongst the reported incidents inr
this datrabase, about 50 percent of them were coming out of
what I wnould call UT type examinations, Section X1 type
examinations, There is a lot of them where cracks were
detected as incidental observations, which was leakage
observations.

If you lock at the much larger set of data like
Class 2 systems, we actually find that the inspection
pirograms to date were maybe discovering something like 20
percent of the incidents, whereas things like incidental
plant walkdowns, finding leakage were the primary things. 1
think the message that came out of this was that perhaps the
inspections that are being done on plants now ==

MR. MICHELSON: Excuse me, before you leave that
slide. The NPRDS system, of course, is purely voluntary.
There are variocus degrees of goodness in the quality and
gquantity of reports given to NPRDS. Do you have any feel
for how representative this particular sample is in terms of
what is going on out there? 1Is this an item that is

routinely reported very well and in great detail, or is this
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an item that is only occasionally even reported?

MR. SIMONEN: We asked that guestion, and the
answer we got was =~-- I guess some plants may be reporting %0
percent or more of their data and some maybe less than ten
percent,

MR. MICHELSON: Just in this area though I am
thinking of, not their total. Some plants do very well
reporting some things and very poorly reporting others. 1
was thinking of just this area, which is =~

MR. SIMONEN: 1 could only say somewhere between
maybe ten to 50 percent, the information. There are other
things we knew about already.

MR. MICHELSON: You mean, ten to 50 percent of
these failures are being reported to NPRDS; is that what you
are saying?

MR. SIMONEN: VYes, Our other guestion is, is this
maybe a good random representative sample of what could be
reported. My feeling is that it is probably a fairly
reasonable sample, Some plants were fairly consistent =--

MR. MICHELSON: That’s not a very large sample, in
terms of the tens of thousands of reports to NPRDS.

MR. SIMONEN: No, this 18 a very small =

MR. MICHELSON: Extremely small.

MR. SIMONEN: liight.

MR, MICHELSON: But, I don’t have a feel for all
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of the things that could have been reported in this area of
what this sample size meuns -- 1 don’t know the answer. 1
thought you had some intuitive feeling.

MR. SIMONEN: The total number was something like
there was 400 reports on piping cracks, leaks, structural
type failures in these pressure boundary systenms.

MR, BOSNAK: Leside the numbers, the other thing
is the root cause often can’‘t be depended on,

MR, MICHELSON: The key guestion that I had in
mind was, are three percent ot these events even being
reported or are 90 percent: where are we? If only three
percent were reported then this wouldn’t mean much,

MR. SIMONEN: We did lesk at the == there are

things that we already knew arout that, that had been fairly

highly visible, and we di® find a number of these things in
there.

MR. MICHELSOM: INEL has been monitoring that
system for a number of years, of course, and knew the
shortcomings of it. I just didn’t appreciate the
shortcomings in this area, and I still don’t.

[8lides. ]

MR. SIMONEN: NDE reliability. Recognizing maykte

the reliability isn’t where we think we would like it to be,
what have been the recent trends. I think there is, through

our PNL program and programs in Europe, there has been a lot
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detection probability., What weé want to do with this work
ie, given these kind of detection probability curves, what
can we actually do with that kind of instrumentation to
result in actually finding cracks in operating systems in
plants.

MR. MICHELSON: Before you go on to that one, let
ne ask, these are usually locking at heat affected zones
around welds and so forth, this previous slide,

MR. SIMONEN: That’s right.

MR. MICHELSON: Some ©of our problems, of course,
have been with such things as chenistry problems, wherein
you get ercosion/corrosion. These are not necessarily just
at the heat affected zone of a weld., We don’t even do any
inspection in these other areas necessarily.

MR. SIMONEN: Exactly.

MR. MICHELSON: That'’s all missed in terms of this
kind of an examination., It further increases the
probability you are going to get a rupture by some amount,
and 1 don’t know by how much,

MR, SHEWMON: There has been, in the last couple
of years, an active inspection program for
erosion/corrosion, as you RKnow, So, I dan’t guite
understand why you say inspections are never done there.

MR. MICHELSON: Have not in the past but not

traditional to do it, yes, First of all, you go do a
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calculation to decide whether to look in that area or not,
This certainly is helpful. This has all been going on just
in the last couple of years.

MR. SHEWMON: 1 suspect these nunmbers were just
obtained in the last couple vears too, though,

MR. SIMONEN: Right. The other curves for
detection of erosion/corrosion, that would ==

MR. SHEWMON: Let’'s goe on.

MRk. SIMONEN! Yeg, let’s go on.

(8lides. )

MR. SIMONEN: 1 don’t propose to give you a
lecture on probabilistic fracture mechanics. It would take
maybe an hour to work through this flow chart. What 1 do
want to emphasize is what goes into one of these piping
reliability analysis. Things that are important is the
initial guality of the weld, what kind of defects are
present in a weld or pipe segment to begin with,

There are things of non-detection probability for
the inspection methods, both pre-service and inservice
inspections. Then we go on to factors that relate the
fracture mechanics. You need things like stress history,

cyelic stresses, varicus operating transients, pressurized

thermal shock for example. The fracture mechanics brings in

things -~ this relates this to fracture mechanics

parameters, material property data, crack growth rate
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1 information. The reliability is related to how well can we
2 detect leaks in these systems,
3 Finally, 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
| to get a feel for just how effective an inspection can be,
| B and 1 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 exanple. We looked at the situation of a given inspection
| 14 that occurs at a ten year interval., One case, Case A, where
; 18 the failures are due to some initial problem with the
; 16 initial guality c¢f the weld itself, We f'.d here that an
| 17 inspection program is not very effective in detecting and
’ 18 preventing these failures. What would have been needed is a
E 19 much better inspection would have done the job,
20 Here’s a Case B, where we have looked at where the
l 21 fajlure rate is actually going up with time due to an aging
| 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.
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We have looked, for example, the high risk
component in our risk prioritization appears to be like the
reactor vessel beltline. We can look at what kind of impact
different types of inspection might have on reducing the
failure rate of a reactor vessel due to a pressurized
thermal shock transient, Here, we see a case where we call
a baseline case called no inspection. Here is a case, ASME
code minimum requirements going back maybe ten years ago
would have done to the failure probabilities, and see
there’s a very little difference in the probability of
failure for these two cases.

Essentially, an inspection was doing -- having no
benefit at all, as far as structure reliability. Here, we
go to a case where we are looking at what kind of inspection
probabilities we can get from a gocd guality near surface
examination using ultrascnic inspection under ideal
conditions with a gmooth cladding on the vessel. What we
see (s, we are getting where we can expect to find maybe
nine out of ten defects in this critical near surface
examination, We are talking about potentially reducing
failure probabilities here, maybe by an order of magnitude
by aggressive high guality inspection program,

MR. WARD: The failure probability is reduced,
because when you find it you shut the plant down.

MR. SIMONEN: You shut the plant down, perhaps you
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20

do a vessel anneal. You have to do something.

MR. WARD: Yes, okay.

MR, SIMONEN: Grind the crack out, maybe repair
it. We have looked also at a scenario of stress corrosion
cracking in stainless steel piping. What we have taken is
what we call her, a probability of non-detection, Three
curves that kind of represent where we think we are in this

inspection area based on Round Rebin results from our work

done on our NRC program at FNL. The poor inspection is

bazically what we found was done maybe ten years ago when

this stress corrosion cracking was really coming to light,

What we find here is people, even the crack half way through
the wall, they had less than a 50 percent chance of
detecting that crack.

Good is what we feel is what the better teams are
doing, and the performance demonstration we feel is
something that will ensure that the field inspectione are
being done at this type of level, whereas you are talking
about a crack of about 20 percent of the way through the
wall you are detecting maybe only 20 percent chance of
missing that crack. Advanced, 1 guwuss, is maybe a
projection into the future, advanced technology where maybe
something like SAFT -- if that'’s something that in the
future is put in as part of the improved inspection

programs. There, you get a ten percent a way through the
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back in 19%0, we spoke very little about the economic
impact., We received some very strong criticism from
steering committee as well as independent reviewers, that
sald that they felt if we just focused on the aspect of
meeting the safety criterion == they thought we were remiss
in not talking the economics. The economics of inspection
are expensive, and the impact of not finding degri:dation
resulting in unplanned cutages 18 also very expens ve,

S0, that's what we got Dr. Perdue from
Westinghouse invelved, and asked him if he would help us in
integrating using these decision analysis models,
integrating the technical risks for safety risks with the
economic risks. The aspect of decision analysis actually
has been around for about 20 yvears in the financial
community and business community, but the aspect of
integrating this with the tools that you have been seeing
today that's new. That is where our research effort is
headed. In fact, that’s exactly the research Dr. Perdue’s
research group i# doing for ASME.

There is a collaborative effort between the two
research prograns, In fact, a couple of the members, Dr.
Abramson and Truong Vo are members of Dr. Perdue’s group.
There’s a little tutorjal example that is in the Volume 1
general document, just to say how you choose an inspection

strategy. Essentially, wherever you see a square that means
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back ‘nto it =~ as you try to span the range of uncertainty
in that FRA model to determine that maybe I am not
calculating it exactly right, it may be higher or may be
even less than what I have in the evaluation.

At any rate, at the end of these branch nodes =--
at the end of each of these scenario paths there is cost
associated with it, You have the cost of inspection, you
have the cost of repair, and you have the cost of having
some accident occur within a given facility. Thoege of you
who are familiar with probabilistic risk assessment, this is
essentially an event tree. You take the probability along
each scenario path and then multiply 1t by the total cost
with that path, and you et an expected value for that
particular path.

What is of interest here with the decision
analysis, you also get the safety information out when one
combines the probabilities through the path where failure
does occur and yocu have a range of conseguence, you can look
at the scenario failure probability and determine how well
does that probability match the targets that Dr. Gore talked
about.

You can see with this hypothetical example that
the current technigque -- we have a failure probability of
five and 100 with, when we add up all the costs associated

with it, $532,000,00 per year. When you go to the new
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technigue vwe gr*t a lovwer failure probability, and because it
helps to lower also things that may affect == leaks that
might keep a plant down but are not result in any threat to
the public =~ that actually you have a ¢cost savings in the
long run by going to that more advanced technigque. You will
find the damage and keep yourself in a more reliable node,

Finally, the asspect of not deing any inspecticn
results in the highest failure probability but also the
highest cost, This iIs just a simple example, What 1 would
like to do nhow is go in through an actual example where we
chose low pressure safety injection line which is one of the
high risk segments identified in the Surry work and try to
work through this process, keeping in mind that we have
Bection X1 ad all the coste folded into a nuclear example,.

The first thinag that s done, before the decision
tree is put together, a blueprint has to be made up to
determine how all the uncvertainties both tochnical and
economic, influence onhe another., The tool ¢hat is used for
that ie called an influence diagram. It actually begins
from the right and working back to the left,

The first thing i8 the bottom line in terms of the
evaluation from ceost benefit ig, what is the present value
of each particular inspection strateqgy that we want to
evaluate., First of all, this chart here is not a flow

chart, it's not a pert chart. 1It's an influence dlagram,
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this blueprint to be correct. Because if the influences :

aren’t correct, then you will have errvors through the rest

of the evaluation.

MR. MICHELSON: Excuse me. The consequential cost

is the cost to the public?

MR. BALKEY: It’s the ==

MR. MICHELSON: Damage to the public.

MR. BALKEY: 1t ranges, yes. On that particular |

one, yes. It is damage to the public.

MR, MICHELSON: Where is the damage to t.e plant

iteelf in your own economic investment?

M®%. BALKEY: It should work back.

MR. MICHELSON: 1t says Price Andersen beside it,

which is not ==

MR, BALKEY: That'’s a public cost there.

MR. MICHELSON: =+~ ldentifying the owner, 1 don’t

believe, or his loss of capital equipment,

MR. BALKEY: Replacement of power cost

MR. MICHELSON: That'’s not the only cost,

MR. BALKEY: That'’s right, 1It’s folded in here
Your accident can impact -- there ig a consequence to the
public, but it also is8 in this uncertainty here
replacement power costs if you have an accident

gquestion that ig being asked is, i1f 1 have core

of
ocecur., The

damage there
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will see if it 18, Now, you can see the decision tree for
this example is much larger of course than the simple
tutorial tree that was in the Volume 1 decument., Of course,
thesr chance nodes, they -+~ of course, this tree explodes
out as you come acrose the tree,

You can see your choice of inspection impacts the
chance == what’s the chance there ig a crack to be present.
What is the chance that crack may be larger than the current
ASME acceptance standard., Then, you get into the chance
that the inspection will actually detect it, what is the
chance we are going te get into repairs. Of course, keep
working across the path until we do get into the major
radiation release, In each case there’s an outcome
economically across each of that whele expansive tree.

The input that goes into those chance nodes, we
had for our example the technical uncertainties that one has
to address. 1 should say we cheose the low pressure safety
injection but even in cur Volume 2 document this is still
for illustrative purposes. The group in ocur next phase is
going to be going back and actually going back enhancing the
numbers. We are just trying to go through to demonstrate
how the technology links the tools together,

Essentially, you can work down each of the
preobabilities that have to go into the tree. But what 1

wanted to note was that to get these prebabilities, the
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would go in every five years instead of every ten, it
greatly enhances the inspection -~ the probability of
detection, Finally, if I inspect every 20 years it drops
down in reliability. Then, if we loek to the future to
improve the NDE technisues, you can start looking at some
very high reliability numbers in detecting degradation,

MR. MICHELSON! FExcuse ne, I am a little puizled,
1f 1 have a given set of NDE equipment, it will detect a
certain leak size with high probability of success. But, if
I double the frequency with which I do this, why does that
¢hange this conditional probability?

MR, BALEEY: BeCause ==«

MR, MICHELSON: I still have the same eguipment
and same threshold of success, 1 am just going to find
wvhatever new one is generated between vhe last time 1 looked
and the next time 1 look.

MR. BALEEY: 1 am going to borrow one of Dr.
SBimonen’s viewgraphs here, Essentially what happens is,
degradation is occurring over time, 1t you are going in at
ten years the degradation will have had a chance to advance
to &4 ceéertain level. I1f one gyoes in at five years == we are
saying here, if 1 don’t do any inspection the degradation is
going to continue, and it will result in some faillure
probability.

1 see what your point 18 ==
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MR, MICHELSON: You are going te double the
frequency, that'‘s all,

MR. BALKEY: You are doubling the freguency. You
haven’'t changed the accuracy of it,

MR, MICHELESON: That's right,.

MR. BALKEY: But, 1 need a single nunmber to go
into the decision analysis, As 1 sald, what 1 am doing is,
1 fold in the entire probability distribution of ¢racks that
may be present, and | go over the entire distributien of
probability of tinding those different flaw sizes. For no
inspection, 1 have an end of life probability here. 1f 1 do
an inepection every ten years my prebability may be here.
Five years, here. Ten yeare, here.

In other words, you will atfect the fallure
probabhility with the frequency. Now, 1 back calculate out
and affect a detection of finding that degradation over
time. It’s just a manipulation of the model in order to get

MR, MICHELSON: 1 guess it all ccmes out.

MR, GORE: I think it’s relatively
straightforward., Basically, you are assuming that the
initial crack distribution grows. When you look at time
zeroc or time ten years, you will get maybe some of those
cracks., You have a certain prebability of detecting ==

MR. MICHELSON: Finding them at =-=-
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into some type of large break, then there could be a very
gigniticant time that the plant may be out of service while
the repair is being carried out.

MR, MICHELSON: The assumptio. always is that you
had te shut down for some other reason anyway, and so
there’s no cost of shutdown in your inapection.

MR. BALKEY: It ig in there. By the outage time,
the cost of shutting down, the utility is out of service for
a significant amount of time at a replacement «=-

MR, MICHELSON: You didn’t assume it went out just
for this purpoese, out of service for this purpose,

MR, BALKEY: 1t is sssumed that it is going cut of
«=in other werde, {f I have a leak =~ {f there is a leak
ecourring in a plsnt and it is discovered, you are going to
bring the plant down,.

MR, MICHELSON: Then you are obviously out, but |
am talking about routine five year, ten year interval., You
doe it, whether there’'s a leak or not,

MR. WAERD: Inspection,

MR. MICHELSON: Yes,

MR. WARD: Inspection time.

MR, MICHELSON: Does the cost of inspection
include the down time, or how do you factor in down time,
since you probably are doing a lot of other things and that

wasn’t the reascn you came down even,
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expected ~+~ if you are just dealing with expected value.
Actually, expected value ig not a very good way to make
decisions. You have to bring in another factor.

The reason this number is higher, the improved NDE
is that the improvement in lovering leak probability and
those costs associated with it, the benefit does not offset
the increment as a result of this extra day of outage in
order to perform the inspection. 1 will come back to the
fact of expected values, as not being the right way to
evaluate this problem. Expected values is saying 1 am going
to take my chance over the long run averages, 1In sonme
business decisions that’s fine., But when you get to the
case here where a pipe rupture can have a very significant
effect on the business of the utility er the insurers who
are == on all the stakeholders involved Iin the problem, you
have to bring in another very important variable and it's
called risk attitude.

The decision tree focuses on uncertainties and
probabilities, and the economic and technical factors, It
does not incorporate the aspect of risk tolerance. Risk
tolerance is a concept that economists use, and in fact we
all experience in our daily life here, If we didn’t have ==~

if we were not risk tolerant, none of us would carry
insurance.

You want to protect the == the utility wants to
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protect the business they have there of that plant. There
is a factor that economiste have developed, what they call a
risk adjusted cost. A risk adjusted cost is saying ! am ==~
1 do have this facility with potential for a very serious
accident. 1 am willing to pay above the expect cost in order
to indemnify myself againet that accident,

What the concept says is that knowing the
seriousness of a seriocus radiation release, that you would
be willing to pay more. That’s the Insurance factor. 1
would be willing to pay nmore to protect my plant in that
particular case. The risk tolerance calculation is shown
here by this equation. The value of rigk tolerance is a
function of the size of the organization. Utilities, for
sake of an example, the average utility is capitalized
between $1 to $1.5% billiosn, A rough rule of thumb of risk
tolerance to an corganization is about 15 percent of that
number .

In other words, a real large corporation or
business hae the ability to self-insure itself. The R
factor, this risk tolerance, is really the ability of an
organization to self~insure against certain types of
accidents, Anyhow, the risk tolerance factor is brought in,
and now we have gone back through the decision analysis
again with these factors. We are taking the ocutcome of the

decision analysis, working them through the equations, You
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1 will give you a good example. A boiling wvater
reactor, reactor water clean up system, It is a system that
hae gquite large piping, #ix to eight inches, contains
reactor water at full pressure, full temperature at all
times except when the system is shut down for some reason.
A rupture of that system, even if the jisolation valves wvere
to work, would be a pretty significant economic impact
depending on where the break is In that system, you might
flush the ion exchange resins out into the building and
things like thig. It can get very sticky from a cost
viewpoint,

That system wouldn’t appear in your analyeis here,
because it got lost way on early in the cut sets, 1t
shouldn’t have, because the valves aren’t as good as we
think they are. Even if they were, it still is something
you want to think about from an econemic viewpoint,

MR. BALEKEY: What we are doing with this whole
process is, we are not just looking at high risk. We are
also choosing systemg that have a moderate risk, and we are
going to pick some of those at the bottom and run through
this same process again, It’s not just we are picking out a
couple of components and running through it, We are going
to be looking at the entire range.

MR, GORE: 1 guees =y comment with regard to the

previous guestion has to do with the failure modes and
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assessment that i1s carried out whether it’'s PRA or structure
reliability, the decision analysis, a major piece of this is
to do sensitivity studies to make sure that the variables
that you have in which could vary, how much it would affect
the decision.

1 have just shown one example here. You always go
back and say if some of these prob.b%ilitles 1 may not have
the best intormation and what happens if it is different.
Would it affect my recommendation for an inspection
etrategy.

In the interest of time, the only last point 1 was
going to make was that the technique can be used to help
define if I don‘t know something about a particular strategy
in this particular case =~ in fact, what we have done here
is said that the NDE, the improved NDE is too hypothetical
and is really not a good recommendation, Let‘s say that out
of the work that Bryan Gore does, that the no 181 case does
not achieve the target failure probability. You see that wve
are left with only two choices,

The two choices are present code, or maybe
ingpecting a little more often for this particular case, We
can go back and determine it on some of the uncertainties,

1 may not have good information on for .nstance the one of
the key uncertainties the chance of a crack actually being

present in tha pipe. The only thing that I am trying to

——
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want. Again, Dr. Gore talked about a target. It might be
that what we want to say is what we want to be as confident
is that the probability of failure is less than the target
probability of failure. We might evaluate the probability
of failure for it to be five times ten to the minus five.
Very wonderful analysis., Target we want is ten to the minus
four, and we therefore say we are happy, we have met our
target and everything is fine,

But then, you could look at the kind of input that
you saw Dr., Simonen put up == he didn’t explain much guite
right you said -~ just appreciate that there is a lot of
input with this. We could say, how do we know that that
input is true., How do we know the defect density is right,
How do we know that we have taken account of all of the
types of transients that we are likely to see. How do we
know that the stresses that we put in are right and the
crack growth is right.

What we can do is to run those models with the

upr tainty in them, and we can do what we might call a

sensitivity analysis. It's not surprising that I can move

that sensitivity such that the probability of failure
becomes unacceptable., In other words, comes abhove my
target. Just doing that doesn’t tell me anything in its own
right., All it tells me is that if I change the inputs 1 can

change the probability of failure, and it tells me how
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Since you have a model, with that model and with
the inspection that you are doing and with the inspection
routine and with the efficiencies of those inspections, you
say what would 1 expect to find., The key there, remember is,
wvhat you expect to find and not the racre event. You have to
be careful about that in your future leogic.

Then what you do is, you compare your actual
results with those of this set in a Bayesian way to say
which is most likely to be true of all of these possible
contenders. Let me give you an actual example.

[8lides.)

MR. CHAPMAN: This is a preesure vessel which has
a very large number of nozzles and a very large number of
welds, therefore. What we were concerned about is the
probability of failure of one of those welds. What I would
like to have done is to have a flip~over to here, but 1
haven’'t got one. What 1 want you to concentrate on is this
dotted distribution, 1 will now try to explain what that
is,

What we have done here is structural reliability
risk assessment. We have done our best estimate, but -~

MR. SHEWMON: 1If you explain it against the screen
you are more visible,

MR. CHAPMAN: I am going to try to talk about this

dotted thing here and explain what it is. What we have done
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here is run structure reliability risk assessment, and we
have run our bes. estimate. That gave us one probabllity of
failure which, if my memory serves me right, was down about
here.

Then what we have done is, expanded that to do 100
different type systems. It is many solutions. Of course,
there are many ways you get to the same probability of
failure, So, what you find is that with those 100 different
ones you get different probability of failure. You can see
we have done some improvements, but we have also done some
bad ones. We have concentrated mainly on the bad ones, so
you can see the distribution in this way.

What we have done is 100 different possibilities
that could be true, What we are saying is, we do not know
which i true because the one thing we don’t know is the
truth, All we know is what we can calculate and what could
be true. This 18 the histogram then of those 100 cases,

What you then have to say to yourself is, what
would I expect from my inspection sample, given each one of
these were true, 8o, you now get 100 inspection sort of
results, if you like, from your analysis. Then what you are
going to do is, look at your real results and compare them
to see which is more likely to be true. To show you some of
those results these are them,

Here we see ~- here you have date, here you have

T T A T A L R PP
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the sanple size that wzs insprcted and what was found. You
can see here, we have cleared «s non-crack like, cleared as
non~crack like, Here we .:2e our first crack~like defect,

We have done an inspection here. That was then cut out and
repaired, so the probability of failure of that one weld was
of course affected because it was removed. But the
probability of failure of all the rest were not. So, the
rest of them in the sample were not. We have nil, nil =~
now we see two not very good, Now we start to see three,
two, one, none, none, none.

What we do then is to compare this set of sesults
with what would expect to be true from each of our given
samples. That’s where the distribution changes to the
shaded region. What we are saying now is that had this been
true, had any one of these sets vwhich give us this had only
been true, we would have expected to have seen much more
than we did s»e. Because we didn’t say it, the Bayesian
logic says I am nov going to update my belief in that
particular net. That is dropped down, and that is dropped
down.

Note here that a couple here that haven’t dropped
down. Here, we can see it is sitting back normal. We can
see these are starting to come up now. In fact, what we are
saying is that we do believe that probability of failure

seems to be quite large.
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satisfied that you have enough confidence. Appreciate that

by the time you try to get up to 95 or 99, you could be here

a very long time and this could be a very flat distribution.

However, if you drop down to 50 or 60 -~ and we have had
cases where that is true, where it has failed to get above
here =-- then you .uuldn’t feel very happy at all about the
situation.

The key thing that I want to get over is that this
is gaining confidence in a set rather than trying to affect
the probability of failure of the individual one here. We
are not trying to take account of how the inspection affects
the probability of failure because it’s only a sample, and
we know it’s not very significant, What we want to discover
is where we have confidence that this component is coming up
to scratch.

MR. SHEWMON: Your five to ten minute talk has
gone a little over 15 now.

MR. CHAPMAN: Okay. Let me just conclude then,
and say that the important thing that ccmes out of this is
to really ask yourself what is your inspection for. I think
these may raise some of the guestions that you were asking a
few minutes ago. If you believe it has affected the
probability of failure then it is only affecting that which
you are inspecting.

There, you are concerned about finding that which
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will lead to failure, and you might be able to get quite a
good inspection efficiency of that., If you are locking at a
sample, then you are unlikely to affect the overall
probability of failure of the whole set, because you are
only inspecting a sma'l part of it, If you then orientate
that inspection such that you are really thinking about it
as affecting the probability of failure, you are only
loocking for the larger defects, you may find that the
inspection is unable to tell you anything about what would
be expected to go on.

Therefore, it actually doesn’t give you any
confidence. You may end up in a situation where you are
doing an inspection on a sample which isn’t a very good
inspection afficiency, is very unlikely to find anything
other than gross errors which you don’t expect to have;
therefore, you can conclude what am I ever going to get out
of that inspection. You can also, from ones where you are
affecting the probability of failure, get confidence as
well. You can say here is the thing that I am inspecting,
it has the probability of failure and my inspection is
affecting it.

If the probability of failure is low enough then I
don’t need the inspection. 8o, I can now ask myself how
confident am I from the inspections that the probability of

failure is in fact lower or as low as I want it to be, and
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don't need to do the inspections. Now, you can end up in a

situation where 1 have done a series of inspections on
something, I have reached a peint where 1 am very confident
that a probability of failure of this is below my target, do
I need to carry on inspecting.

You can address guestions of, is my inspection
worthwhile. I like to think you can address the guestion
of, can I stop doing my inspections. The last point, if you
think of the way now we have orientated to bring into what
we inspect, those are the biggest contributors toward the
risk. We now concentrate our inspections which can still be
seen a- a sample from everything, to the highest probability
of failure elements and highest risk elements, We actually
affect those, so we pull their probability of failure down
by the inspection,

We can also gain confidence in them, that they are
as low as we want them to; i.e., below Dr. Gore’'s target and
that, therefore, other things are. This guestion of taking
a few samples from outside is the same thing.

I think this is what 1s referred to as a living
process. It is a process that we use to try to feed back
the results to build up this confidence. I hope that will
guide you in decisions about what is this inspection for and

ig it worthwhilio.

MR. SHEWMON: Thank you very much.
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MR. BALKEY: I want to introduce Lloyd Smith,
because this is no longer nuclear application. We just
thought there would be value to the Committee to see how
pecople are applying these probabilistic methods in a ron-
regulatory environment, and showing the value to their
application.

MR. SHEWMON: Thank you.

[8lides.)

MR. SMITH: These technigues you will see affect
what the Committee does and has a little bit of insight,.
Please ask any questions as I go along., Otherwise, I will
talk for one-half hour and won’t answer your questions. 1
wouldl much rather respond to gquestions,

I will focus basically on three or four points:
Why we did analysis; methodology we used; results and the
benefits; also on our approach to the analysis. Generally,
we use supportive approach. We try to respond to what the
needs of the various departments and the plants were, and
helped them solve their solution. This way we ensured they
buy=in. We circumvented when the major problems of the RCM
or the reliability analysis, and that is imnplementation. We
just give the appearance of giving them the tools and take
and apply the tools and produce a good solution.

You will notice that I did not say that we address

risk directly. However, we implicitly address risk. We
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reduce the number of plant transients and we diminish the
time our plant is not under normal condition, which is when
we are most at risk. We tend to focus on making maintenance
the most effective and overall =-- making maintenance
effective,

Since the mid-1980‘s we have had dedicated
reliability groups concerned with supporting the fossil
portion of the company. We have looked at both active
components and passive components. Various projects which
we have been involved in are turbine generator protection
schemes, limestone injection systems, control upgrade and so
on. This covere a whole spectrum of various disciplines.

The turbine generator protection scheme was using
fault trees and to do unavailability of various protection
schemes to protect the turbine generator. 11 was determined
in the mid-1980’s that the turbine generator was not
protected very adeguately. It came to the attention of our
enginzers. Our eng neers, being good engineers, came up
with a multitude cof protection schemes to protect them from
everything. The problem was, they could not quantify how
effective protection schemes were, where they were cost
beneficial.

We went in and used fault trees to find the
unavailability due to failures of the protection relays. We

used event trees to model the event scenarios which could
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lead to damage generation and electrical bus work, We then
used -~ determined the contribution of the various relays to
the protection. We found that yes, there were some
protection schemes which protected the reactor and turbine
generator better, other cones were marginal, and a large
number -- especially a couple that were pets of the PUC
which not only did not protect the turbine generator but
actually produced negative results.

MR. MICHELSON: 1In luoking at turbo generator
protection, did you look at off-normal operations like
testing similar to what happened at Salem?

MR, SMITH: We were looking at various electrical
faults which could cccur on all occasions, yes.

MR. MICHELSON: That event developed froan being in
a particular test mode and then having another failure or so
along with it, not even realizing it., 11 just wondered, do
you do that kind of an analysis.

MR. SMITH: That is what was done there, yes. We
went through and basically just said for each protection
scheme what could have failed, what could not have failed -

MR. MICHELSON: You did include the test modes.

MR. SMITH: Yes.

MR. MICHELSON: Okay, thank you.

MR. SMITH: They are all the same. We also looked
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economy, to identify major contributors to unavailability
of the plants, and then to transfer technology. We
initially assessed the present utility’s conditiont and
identified the major contributors on availability, and
subsegquently used root cause analysis to become proactive
and correct the problem.

Through model trending we are able to predict
components that were going to affect unavailability in the
future and address them before that happened, producing a
proactive program. We looked extensively at operator
actioii, all the steps necessary to start the plant up to
operate the plant and to shut it down, and then did some
analysis as far as the optimum number and size of operators.
Life extension program, of course, with fossil units, we
locked at all the major components that were pressure
boundaries that had big impact items.

The project of interest which relates mostly to
system analysis is the Huntley rnliability project., We did
failure data analysis, plant modeling, human task analysis,
recommendations, evaluation and implementation. The failure
data development was review of system, equipment and problem
experience, assess the data, determine what data was
necessary. Fossil units were different from nuclear, 1in
effect, that we have guite a dense database. We have lots

of failures to look at.
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units. The pump is the third pump in the second level, or
the Northwest pump or the valve that is above some piece of
equipment, or it has two or three identifier numbers,
neither of which situation the computer likes very well.
It's not a happy computer. You have to go through and
reidentify all the components.

Then, the component itself is a pump, severity,
catastrophic, degraded, incipient, failure mode, does it
fail when running or does it fail to start and failure
cause, is the shaft broken, is the motor burned out or
whatever., We used the DBASE3 and Symphony to give us
contrel of these. This is a typical sheet of failures.
Once again, the system, the fuel, the boiler, the date
record, type of egquipment, copper pipe, severity, mode,
cause, Was it a leak, did it fail, was it a shaft broken.

At this point, this is when mest databases -~ a
lot of databases stop. They tell you the failures and you
can tell how many there are, but you have no idea what the
denominator is for a rate; how long were they operating, how
many times did they start. This is NPRDS with their --
their problem in NPRDS is that they just don’t know the
denominator.

No matter how good you know the enumerator, unless
you know a denominator you haven’t got much. Your fuzzy

feeling, once again, is not very useful in a computer and
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analysis. We spent a lot of time looking at exposure, and
determining exposure time and start up. We went through all
the operator logs for this case, looking ten years worth
hour by hour, and determined how long each system ran. The
Mils ran for how long, the fans, feedwater pumps. Notice
that the feedwater pumps are not evenly distributed. They
are two out of three necessary, 15 hours for this one and
7,000 for this, They were egqually here. Here is seven
hours.

This could represent the fact that there is a
standby system ready to operate, ready to come on, ready.
However, we found that there is equally good change that
when the train failed they haven’t repaired it. Another
train failed down here -- we looked at which train had
failed and easiest to repair, and used the other train for
spare parts. Instead of having an installed spare train we
had installed spare parts.

[Slides.)

MR. SMITH: It was difficult to put a repair rate
on a component which had been broken for two years, just
because it was an installed spare part. There is a problem
there. We also looked at a number of starts, and this
produced some interesting results which probably would be
interesting on a nuclear plant also., Once again, feedwater

train, notice starts were 20 a year, 20 a year, 20 a year,
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sent a crew up and worked on the preciptators. The sanme
thing happened sometimes on nuclear plants., You have these
hidden agendas.

We knew that once you got the bolilers taken care
of, all the rest -- the precipitator were bound to produce a
problem, We notified the plant of the problem a couple of
years ago, when it appeared they were already starting to
address them.

MR. WARD: Lloyd, us nuclear types are puzzling
over what a attemperators are.

MR. SMITH: I am a nuclear type too, s0o 1 have a
problem here. They are basically a temperature mixing unit,
I believe. They are a preheater, aren’t they?

MR. MICHELSON: I don’t know,

MR. SMITH: I believe they are a preheater.

MR. MICHELSON: That would have been my guess.

MR. SMITH: I believe.

MR. SHEWMON: The comment back here says they are
aired preheaters too, so that must be right,

MR. MICHELSON: At least we all agree, so it must
be right,

MR. SMITH: We have now taken this data from 1985
and each year we update it and produce a new list of major
contributors on availability. The operations =-- the new

list addresses those, and we are getting everything
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produced. The database covers about 30 years of plant data.
We have 15,000 failures in it, and over 500 components,
which makes the nuclear croup people just drool for that
type of database.

MR. MICHELSON: 1Is this an industry-wide database?

MR, SMITH: This is strictly unigque to four
plants.

MR. MICHELSON: Four different utilities, or four
plants ~-

MR. SMITH: Four of our plants,

MR, MICHELSON: Okay.

MR. SMITH: It is commercialized though. We have
commercialized it.

MR. MICHELSON: By that, you mean it’s available
to others for a price?

MR, SMITH: That’s right., Basically, it’s Huntley
65 and 66 for ten years, 67 through 69 for five years. Once
again, it’s over 11,000 legitimate failures, Those aren’t
the failures -- for example we had level one, two and three
in the control room == in the failures, and we have one
failure the intake structure was level three. A week later
many rats and intake structure level one. Those type we
don’t count,

MR. MICHELSON: There must have been some number

of valve failures in the feedwater system and so forth over
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the years,

MR. SMITH: Oh, yes.

MR, MICHELSON: Were they not just not on this
group fer some reason?

MR. SMITH: They weren’'t major contributors to
unavailability.

MR. MICHELSON: They were not major.

MR. SMITH: No.

MR. MICHELSON: 1 thought they were ==~

MR, SMITH: They were a major problem in
maintenance though,

MR. MICHELSON: I thought those feedwater control
valves were kind of a frequent =--

MR. SMITH: They were, but they were always hidden
someplace else. We worked on them while we were working on
the boiler =--

MR. MICHELSON: Hidden somewhere else, do you mean
that they weren’t the reason for shutting down?

MR. SMITH: Right. Also, we have three trains on
these, so we have one down and fixing and two operating.
They never show up as the loss of unavailability.

MR. MICHELSON: 1It’s not really a reliability
database, in the sense I would go to it and know how
reliable the feedwater control valves were.

MR. SMITH: You could.
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MR, MICHELSON: If I went back into it somehow.

MR. SMITH: Two steps, yes, Before you put it
through the computer you would have this =~

MR, MICHELSON: You would have the raw data,

MR. SMITH: That one, there. Just the component
with unavailability.

MR. MICHELSON: They were tracked as being
unavailable even though it didn’t interfere with the plant
availability necessarily.

MR. SMITH: That’s right.

MR. SHEWMON: Or they didn’t come above his one
percent threshold requirements.

MR. SMITH: That'’s right. If you go back to here
you find the feedwater heater bank for example.

MR. MICHELSON: 1Is that the valves?

MR. SMITH: I honestly don’t know.

[§lides.)

MR, SMITH: In conclusion, I would like to say
that we hove incorporated a lot of the techniqgues that the
ASME Committee is using. We applied it to diesel
generators, control systems, limestone injection, process
models, control models and so on. For the Huntley 65 and 68
we did the analysis in 1987. At that time the
unavailability was 70.5 percent. That was before we used

the database. In 1989, after we applied the database, we
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As 1 said, we cover the entire facility, well over
$1 billion in most plants in the United States and a minimum
of $200 million on the liability side at every plant in the
United States. Our interest extends beyond the public
health and safety that you all are primarily cencerned
about. Our insurance covers the entire nuclear plant; all
the buildings, all the structures, all the switchyards,
often times buildings a.d structures outside the protected
area. It depends upon the site itself.

The point is, we cover virtually everything on the
site with a few exclusions, In our mind, the integrity of
the components at nuclear facilities is essential in
reducing insurance exposure =-- economic driven -- and plant
outages. It has been our experience, pnrticularly in recent
years and was recently highlighted with the IGSCC days,
where the usafulness and reliability of many of the
inservice inspecticn philosophies and technologies that we
use tod., could be enhanced a bit. They have been in some
cases with regulatory guides or with NUREG’s and with some
bulletins.

As plants get older, we believe -- and there is
some experience to show -- that the effect of age-related
degradations are going to start to take on much more
significance. 1In that regard, inservice inspection will

become even more important and more paramount, in terms of
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benchmarking where the plant is today and where it might be
in the future.

It is a proven technology, as we have come to
know. Vic Chapmean, while we can’t know the details of his
work, we do know that it does work and it has been very
successful in the United Kingdom in their submarine program.
It is also being used by utilities, owners groups, and other
national laboratories and other organizations within the
United States and ocutside the United States in some form.
Most recently, the insurers in the United States are
starting to use the technology so0 that we can get a handle
on where our exposure lies in areas where there is really no
actuarial data from which we can work with,

In our opinion, the process complements existing
technologies. It is really a refinement to ASME Section XI.
We recognize that there is a substantial amount of inertia
to change, and that’s true in our socjiety. We believe that
this particular process is merely a refinement of the
existing deterministic based fundamentals that are in
Section XI.

MR. MICHELSON: Excuse me. Can your
organization, as the insurer, require that certain of these
processes be carried out as a provision of your pclicy?

MR. WENDLAND: Yes, we can, and that =~

MR. MICHELSON: You have your own enforcement
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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
gl well be includad in this entire approach, 1It’s actually not
10 very difficult, and it’s being done on a minor scale in many
31 areas today. It was not consciously done here at this point
12 80 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

18 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 nazard 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 econcmic 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 1f 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 theramal 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 freguency

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 1 have
23 forgotten which ones those were. Those have a very high
24 likelihood of failure. 1In addition, they can also result in

. 25 some very large consequences. The thermal shield case, well
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MR, MICHELSON: Factory Mutua) was the people that
you g« " v " you have more detsalled questions on certain
hazard»

MR. WENDLAND: Actually not, Factory Mutual has
some specialties in arcvas that we would tap in some areas.

MR. MICHELSON: I was thinking of fire protection,
for instance.

MR, WENDLAND: Actually, we would use people from
IRI. We have a fire protection staff. Most all of those
people were trained at industrial visk insurers, their
mainstay being fire protection in the country. 1It’s kind of
@a rivalry between Factory Mutual, We utilize that expertise
that is available to us, Factory Mutual being a piece of it,.
In fact, Factory Mutual, we are involved with this whole
process for several reasons., One is the nuclear part, and
that’s the obvious one, The other one is not so obviou:si, 1is
the fossil part,

We see most of our risk shifting as the nuclear
industry is kind of shifting, shipping most of its focus to
the operational aspects of the nuclear envelope., We see
less of our exposure there because somebody 1is already
looking at it. We see more of our exposure shifting over to
what we broadly define as a balance of plant, things like
turbine, transformers, erosion/corresion, structures.

The work that Dimitri is kind of focusing in that
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area is -~ we want to tap into that to gain a better
perspective on where we can focus our resources to look at
risk. This particular tool also is in my mind, is a major
benefit in terms of communicating not only to the utility
management about where it is you want to inspect -« somebody
like Chuck, where he wants to spend his time, where he
recommends his time. Also, when you talk to the PUC,
Instead of having some things that they ~- issues that they
consider to be abstract because they are coming from
technocrats ~- you have nov this decision making model which
is really bona fide and accepted by the business community
and has been for years. Say hey, look, this is the reason
why we are doing what we are doing.

You have now an effective tool from which to
debate. You have a guantitative and a pictorial process for
that whole thing., It‘s a living process. That is something
that wve sometimes don’t talk about very much when we get in
our group. The living process is something that Vic Chapman
is a champion of, where you factor in results of what you
found, If you found some faults or you didn't find some
results, you factor that back in the original analysis and
fine tune it where you are going te look next time.

You might find ~~ if you think about it, there’s a
graph in your handout that kind of illustrates this -~ where

you have a constant risk line. The objective is to find out
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We now have a tool from which we can focus where
we want to look., We have to have that, because we don’t
have =~ as 1 said, we don’t have any actuarial data. The
business has actually been good to us. But when it's been
bad, it’s been real bad. That is actually with people in
IRI and Factory Mutual =~ you don‘t have data from which you
can really be like an automobile insurer for example.

MR, MICHELSON: Let me be sure that 1 understood
what you just said. Are you saying for instance in the case
of fire protection inspectiens, that you are approaching it
from a risk~based viewpoint?

MR, WENDLAND: That's correct.

MR. MICHELSON: Have you developed that concept in
some kind of written documents that one might read?

MR, WENDLAND: Yes, I have, 1 am not sure that I
am at liberty to give you one, 1 am presenting a paper at
an upcoming ANS conference that talks of it. I can check
with my people and if that'’s available, I will forward a
COpY

MR, MICHELSON: 1If we could get a copy, that would
be interesting to read about. I have a particular interest
in risk~based inspection for fire hazard purposes.

MR. WENDLAND: Again, it is interesting to note =~

I talked of change earlier. IRl has been around for 50 or

60 years, Hartford Steam Boiler 100 years. The insurance
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is there any part of the fire business that is working
actively on risk~based inspections for fire protection
purposes,

MR. WENDLAND: 1 have to be careful, There was an
organigzation that does fire protection inspections and
specializes in that, An individual who is very well versed
in this technology had developed some models and wanted to
introduce those, that concept into his inspection from a
vesearch ==

MR, MICHELSON: Which organization is that?

MR. WENDLAND: 1It'’s one of our member companies,

I am not sure that I could really tell you.

MR, SBHEWMON: He didn’t say.

MR. MICHELSON: I know he didn’t, We are having a
meeting on fire tomeorrow, and some people from Factory
Mutual will be here.

MR, WENDLAND: It has to do with the issue of
change. That organization has been around for years and
years, and that’s the way they do business, and they don’'t
know how to do it any other way. As the economic times come
about =~ and they are all starting to see that as we are, ve
are laying off people as are they ~- the economic pressures
come about you have to be more thoughtful and more strategic
on how you do business.

MR, MICHELSON: That’s what «=-
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then, he had another curve where you had the effect of age~
related degradation starting to manifest, where inspections
played a very large component in reducing the risk,

I guess that is very important to us., As 1 said,
wWe as insurers aren’'t gquite sure wvhere we are in the bathtub
curve, or if there is a bathtub curve. But the challenge of
the business community worldwide has been to us, are we
going to start to see an increase in insurance logs as
plants continue to age. We will be damned if we can ansver
that question. We can fenerate a few histograms, but we
can’t answer the guestion,

We do know thie; we do Know, based on the
technology hand based on the thinge that 1 have seen these
fellows do, that this is a very strong tool that will help
us and help the industry in total, to be able to gage and to
benchmark where they are in terms of age-related dcaradation
mechanisms before they begin to manifest and before they
become catastrophic.

With that, that’'s the business community or at
least part of the insurance community.

MR. SHEWMON: Thank you very much.

[8lides.)

MR. BALKEY: 1 am just going to very quickly
summarize where we are going from here on our research. 1

think you have heard that the work is already well underway
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applications and Herb Smith on Alrcraft applications that we
have considered and folded back in the work and is
considered even in the nuclear case.

We feel that’'s a very strong case. The other
thing, too, are the disciplines. We have everybody fror the
NDE engineers through the PRA, all communicating together
which doesn’t happen right now.

Volume 1 is out and you folks have a copy of it,
Volume 2 will be out very shortly. wWe are already starting
work on the additional volumes, and the interest in the
technology is growing very fast. With that, I would like to
speak on everybody’s behalf, that we are very appreciative
of the opportunity to be with you today. We hope you found
value in our presentations and have a good feel for where we
are going in the future. Thank you.

MR. SHEWMON.: Thank you very much., Are there any
other comments?

MR, MICHELSON: 1, for one, would like to say that
I thought this was a very interesting and beneficial,
particularly .rom the viewpoint of where else it might
ultimately, the same approach might ultimately be -~

MR. BOSNAK: We hope the Committee would find it
very valuable. Speaking fr = wearing my NRC hat, we are
looking at this as a leverag~ group contributing time,

resources., It is being nultiplied, and we think we are
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getting good value for the resources spent. It’'s a status
report to the Committee, and we would like to know what you
would like to do with respect to the Full Committee. Are
you going to make a report, or would you like us to
participate?

MR, SHEWMON: 1 thought I would give a
Subcommittee report, and just tell them of the work. 1
think we look forward to the second volume, When it gets
down to where -~ it will be interesting .o talk to you again
when the second volume is out and you rave started to use it
some, I think.

We are adjourned.

[Whereupon, at 2:55 p.m.,, the Subcommittee

adjourned. )
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ASME RESEARCH PROJECT
RISK BASED INSPECTION GUIDELINES
NEED FOR PROJECT

COMPLEX STRUCTURES, SYSTEMS, AND COMPONENTS REQUIRE PERIODIC
INSPECTION TO DETERMINE THEIR CONTINUING ABILITY TO FUNCTION AND TO

a

ASSESS REMAINING LIFE.

CODES AND STANDARDS TO COVER PERIODIC INSPECTION PRACTICALLY
NONEXISTENT EXCEPT FOR SECTION XI OF THE ASME CODE WHICH IMPLICITLY
RECOGNIZED RISK THROUGH ENGINEERING JUDGMENT AND QUALITATIVE

ST

METHODS

ASME CODES AND STANDARDS RESEARCH PLANNING COMMITTEE, THE BOARD ON
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 LIKELIHKOOD OF

COMPONENT FAILURE UNDER SPECIFIED CONDITIONS AND THE CONSEQUENCES OF

SUCH FATLURE.
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ASME RESEARCH PROJECT
RISK BASED INSPECTION GUIDELINES
PROJECT HISTORY

RISK ANALYSIS TASK FORCE

CODES AND STANDARDS RESEARCH PLANNING COMMITTEE
RECOMMENDED A RESEARCH PROGRAM TO DETERMINE HOW
PROBARILISTIC METHODS (PRA AND PSM) COULD BE USED
TO ESTABLISH INSPECTION REQUIREMENTS OF INTEREST
TO ENGINEERING COMMUNITY.

CRTD FORMS RESEARCH TASK FORCE.

MANAGES DEVELOPMENT OF RESEARCH PLAN.

APPROVAL BY ASME BOARD ON RESEARCH AND COUNCIL

CODES AND STANDARDS

RESEARCH TASK FORCE MEMBERS DEVELOP DETAILED WORK PLAN
FUNDING BY SPONSORS COMMENCES, WORK BEGINS

VOLUME I GENERAL METHODOLOGY DOCUMENT COMPLETE

VOLUME 1 ON NUCLEAR POWER FACILITIES TO PRINTER
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RISK BASED INSPECTION GUIDELINES
COVMPLETION OF PHASE ONE

DOCUMENTS:

VOLUME 1 - GENERAL METHODOLOGY
VOLUME 2, PART 1 - LIGHT WATER REACTOR NUCLEAR POWER ¥ _ANT COMPONENTS

o THE TASK FORCE DEVELOPED GENERAL METHODOLOGY DOCUMENT (VOL. 1) IS
APPLICABLE TO AN/ INDUSTRY. IT DESCRIBES GENERAL RISK-BASED METHODS
THAT CAN BE USED TO DEVELOP APPROPRIATE INSPECTION PROGRAMS.

VOLUME 1 IS AVAILABLE. DOCUMENT (VOL. 2, PART 1) FOR SPECIFIC
APPLICATION TO NUCLEAR POWER PLANTS BEING PUBLISHED.

o THE GENERAL METHODOLOGY USES APPROPRIATE EVALUATIONS FOR RANKING
STRUCTURES, SYSTEMS AND COMPONENTS WI"H RESPECT TG SAFETY AND
ECONOMIC IMPACT, AND A STRUCTURED DECISION-TYPE PROCESS TO EVALUATE
ALTERNATIVE INSPECTION PROGRAMS FOR METHOD, FREQUENCY, SAMPLING (HOW
MUCH AND WHERE), AND CRITERIA FOR CORRECTIVE ACTION APPROPRIATE TO
MAINTAIN AN ACCEPTABLE LEVEL OF RISK.



RISK BASED INSPECTION GUIDELINES
COMPLETION OF PHASE ONE (conTt.)

o VOLUME 2. PART 1 APPLIES THE GENERAL METHODOLOGY TO THE SPECIFIC
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-BZNEFIT CONSIDERATIONS.




& 2
RISK BASED INSPECTION GUIDELINES-COMMENCING PHASE TWO

PHASE TWO WILL APPLY THE GENERAL METHODOLOGY TO OTHER APPLICATIONS,

INCLUDING POWER AND PROCESS FACILITIES.

o  SPONSORSHIP FOR PHASE TWO, CURRENTLY 10 ORGANIZATIONS INCLUDING
FEDERAL GOVERNMENT BODIES, INSURERS, TRAUE AND INDUSTRY
ORGANIZATIONS. ADDITIONAL SPONSORS BEING SOUGHT.

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.

o FUTURE PHASES UNDER CONSIDERATION:
CHEMICAL PROCESS FACILITIES, GAS PIPELINES, PETROLEUM INDUSTRY

TANKERS AND OFFSHORE FACILITIES, AIRCRAFT, BRIDGES AND DAMS.
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RISK-BASED INSPECTION GUIDELINES PROJECT STATUS OF SPONSORSHIP

DIRECT SPONSORS-

US. NUCLEAR REGULATORY COMMISSION

NATIONAL BOARD OF BOILER & PRESSURE VESSEL
INSPECTORS

NATIONAL RURAL ELECTRIC COOPERATIVE
ASSOCIATION

INDUSTRIAL RISK INSURERS
AMERICAN NUCLEAR INSURERS

HARTFORDL STEAM BOILER INSPECTION & INSURANCE
CO.

AMERICAN PETROLEUM INSTITUTE
US. DEPARTMENT OF ENERGY

OIL INSURANCE LTD.

EDISON ELECTRIC INSTITUTE




O INDIRECT SPONSORS -

WESTINGHOUSE ELECTRIC CORPORATION
FAILURE ANALYSIS ASSOCIATES

BATTELLE PACIFIC NORTHWEST LABORATORIES
UNIVERSITY OF MARYLAND

MCDONNELL AIRCRAFT COMPANY

FACTORY MUTUAL RESEARCH CORPORATION

ROLLS-ROYCE AND ASSOCIATES LTD. UNITED
KINGDOM

EXXON RESEARCH AND ENGINEERING CO.
NIAGARA MOHAWK POWER CORP.

WISCONSIN PUBLIC SERVICE CORP.






INITIATION OF A MEW ASME RELIABILITY METHODS
FEASIBILITY STUDY PROJECT

THIS IS AN INTERNAL ASME FEASIBILITY STUDY UNDERTAKEN TO EXAMINE THE
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.

THREE MEETINGS HAVE BEEN HELD SINCE JULY 1991 AND A FINAL REPORT IS
SCHEDULED FOR COMPETION BY DECEMBER 31, 1992.

DECISION ANAYSIS PROVIDES A STRUCTURED APPROACH FOR INTRODUCING
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, THIS
METHODOLOGY MIGHT BE USED TO DETERMINE WHETHER TO INITIATE A NEW
STANDARD. OR WHETHER A SPECIFIC REVISION SHOULD BE MADE.




Overview of NRC Research Efforts

Briefing: ASME Risk-Based inspection Guidelines Research Project
U.S. Nuclear Regulatory Commission
Advisory Committee on Reactor Safeguards
Subcommittee on Metal Components

Dr. Joseph Muscara

Bethesda, Maryiand
February 13, 1992



NRC RESEARCH EFFORTS

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
vessels and piping

¢ Recommend Code changes to the inspection
procedures to improve the reliability of IS|

¢ Based on the importance of components to safety,
material properties, service conditions and NDE
uncertainties, formulate improved inservice
inspection criteria (inc!luding sampling plan,
location, frequency and reliability of inspection) to
achieve suitably low failure probabilities for the
inspected components




@ BACKGROUND INFORMATION

EVALUATION OF NDE RELIABILITY

¢ Conducted extensive parametric studies on
important inspection variables - 6000
measurements
ee¢ Developed recommendations for
improvements in procedures
- RIL #113 in 1981
W -- ASME Code Case N-335 in 1982
¢ Conducted two round robin tests to quantify POD
as a function of crack size, false call rate, and
sizing accuracy
®#® 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



BACKGROUND INFORMATION s

IMPROVEMENTS IN NDE RELIABILITY

¢ Results of these studies showed that the ASME Code
prescriptive UT procedures were unreliable
Performance demonstration would provide the

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
discuss concepts, discuss the documents developed,
and obtain input on NDE qualification criteria
Consensus from the 1984 meeting was that ASME
Code should develop requirements using the PNL
document as the basis

ASME set up 3 special task groups with participation
from industry, PNL, and the NRC to develop the
requirenients and resulted in Section X| Appendices

VIl and VIl (pub. in 1988 and 1989 Addenda,
respectively).




IMPROVEMENTS IN INSPECTION
PROGRAM

Having addressed the reliability problem, now

addressing improved criteria for the scope of the

inspection program of what to inspect, the extent,

fiequency and how reliably to inspect

The objective of such an inspection program is to

maintain/achieve a suitably lovw component failure

probability for systems and components

In 1986-87 the PNL work began to explore a risk

based methodology as the best means to develop

improved inspection programs

se Selection based on existence of information
(good PRAs) and direct means for including
safety (economic) goals as basis of the
inspection program

Methodology j.rovides a structured means for

generically ranking reactor systems, selecting

components to be inspected, the frequency

required and the inspection reliability required.



IMPROVEMENTS IN INSPECTION

PROGRAM (contd)

e NRC reviewed a proposal in 1988 from the ASME
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 a
recognized broad based expertise for continuing peer
review of the PNL risk-based work.

Cooperation with the ASME Center for Research and

Technology Development would facilitate the transfer W

of the methodology and results to ASME code groups
for updating requirements for ISI programs.

NRC decided to support the ASME Task Force
through a research grant, and to promote close
cooperation between the two efforts.

The methodology has been jointly developed and
research results and evaluations from PNL work are
being used by the task force.




CONCLUDING REMARKS

® The NRC is supporting the research work at PNL
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-based
inspection programs has been jointly developed
by PNL and the ASME Task Force

® PNL has performed pilot studies to demonstrate
the feasibility of various aspects of this
methodology

¢ The methodology has been published in ASME
and NUREG/CR reports

¢ In the future, the above methodology will be used
to develop recommendations for risk-based 1S
programs to improve code requirements. These
recommendations will ensure that risks due to
structural failures are maintained at acceptable
levels.




OVERVIEW OF Tasv FORCE AND
OveraLL Rrsk-Basep INSPECTION PROCESS

ASME Risk-Basep INSPECTION GUIDELINES RESEARCH PROJECT

U. S. NucLear REGULATORY COMMISSTON

ApbviSOorRy COMMITTEE ON REACTOR SAFEGUARDS

SuBCOMMITTEE ON METAL COMPONENTS

KEN BALKEY

BETHESDA, MARYLAND
Fesruary 13, 1992
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Research Steering Committee on Risk-Based Inspection Guidelines

. Raymond J. Art - ASME Center For Research & Technology Development
John D. Boardman - Southern California Edison

Robert J. Bosnak - ASME Council on Codes & Standards, ASME Codes & Stds
Research Planning Committee, ASME Board on Research & Technology Dev.

Dr. Spencer J. Bush - Consultant, past Chairman - ASME Section XI

Robert N. Hill - Hoosier Energy Rural Electric Cooperative

David A. Osage - BP 0] (American Petroleum Institute representative)

Ray Davies - Det Norse Veritas Industrial Services, Inc.

Theodore A. Meyer - Westinghouse Electric Corpuration

Evangelos Michalopoulos - Hartford Steam Boiler Inspection & Insurance Co.
Or. Joseph Muscara - U.S. Nuclear Regulatory Commission

Michael E. 6. Schmidt - Industrial Risk Insurers

Earnest W. Throckmorton - Virginia Power

. William G. Wendland - American Nuclear Insurers
Independent Peer Review Committee

Volume ] - General Document
Steven W. Pullins - Pullins Engineering Company
Dr. C. (Raj) Sundararajan - EDA Consultants

Paul J. Torpey - Empire State Energy Research Corporation

] - Par Nuclear Power Plan cument
Dr. Vicki Bier - University of Wisconsin
John D. Boardman - Southern California Edison

T. N. (Bud) Epps - Southern Nuclear Operating Company






FIGURE 2-1 RISK - BASED INSPECTION PROCESS
LWR NUCLEAR POWER PLANT COMPONENTS
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ASME SECTION XI ISI REQUIREMENTS
IMPLICITLY INVOLVE RISK-RELATED CONCEPTS -

CLASS 1, 2, AND 3 CATEGORIES

EXEMPTION FROM EXAMINATION OF SMALL LINES

DECISION PROCESS WHEN FLAW INDICATIONS ARE FOUND

EXEMPTION FOR CLASS 3 COMPONENTS WITH
PRESSURE < 275 PSIG AND TEMPERATURES < 200 F



FIGURE 2-4 INTEGRATION OF TECHNICAL INFORMATION INTO FMECA FOR
RISK-BASED INSPECTION OF NUCLEAR POWER PLANT COMPONENTS
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Risk-Based Priorities for Inservice
Inspection of Nuclear Power Plant
Components

Briefing: ASME Risk-Based Inspection Guidelines Research Project
U.S. Nuclear Regulatory Commission
Advisory Committee on Reactor Safeguards
Subcommittee on Metal Components

T.V. Vo

Bethesda, Maryland
February 13, 1932

$8201045. 1



Highlights

* Qverall Methodology
— System Prioritization
— Component Prioritization

* Pilot Applications
- QOconee-3 Pilot Study
— Representative LWR Study

— Surry-1 Study

* Concluding Remarks




Overall Methodology

* Two-step approach:

1. System Prioritization

2. Component Prioritization

* PRA information in combination with FMEA
techniques are used to identify and prioritize
the most risk-important systems and

components

S9201045. 3



System Prioritization

e Core damage frequency is used as the risk
measure

e Two criteria method for sett:ng prioritization

1. Birnbaum Importance - conditional
prcbability for core damage given system

failure

2. Inspection Importance - defined by PNL
to rank systems for inspection




Inspection Importance

* Inspection importance, IV is defined as the risk
measurement of the accident sequences involving
system failures cue to pipe break

* Calculation of inspection importance
w B
Iz 212" P,

where I1® = Birnbaum importance of system i;
it is the change in core damage risk
that is associated with a failure
system i

P = estimated rupture probability of system i

S8201045.5



Component Prioritization

Core damage frequency is used as the risk
measure

Failure Modes and Effects Analysis (FMEA)
technique is used to identify and prioritize the
most risk-impcrtant components within the
identified systems

FMEA results are used to calculate the

Importance Index or Relative Importance
for each component within the systems

FMEA results represent core damage
frequency due to component failures

$9201045.6



Comporent Prioritization (cont'd)

in mathematical terms, the core damage frequency due to
component failure is

7 g=P,*IP. . *P

cd ~™ “ % cdis
i i

QR'

S, 1Py

where P = fquency of core damage resulting from
cd *q a g
the component failure

P, = failure (rupture) probability of the component
of interest

P.qs, = conditional probabiiny of core damage
given the failure of system i

PS;*P = conditional probability of system i failing
' given the component failure
R, = probability that the operator fails to recover

given a system failure

$9201045. 7



Component Prioritization (cont'd)

Need probability of failure for each component

Because of lack of an adeguate data base on
failure probabilities for components, Expert
Judgment Elicitation Workshops were

conducted
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Oconee-3 Resulis
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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/ice 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 |
Grand Gulif-1 GE/BWR6/Bechtel/Mark il

*Completed (NUREG/CR-5272)




L EBILGI Sy
waisAs
uondaluy jecsap
anssaid amssaid 131empaa 4 ueo0)
Mo iojoesy Aseyixny jopeey
“ uondatuy | “ "
‘ uNssaid | @em | i0je10UsD * UOISIE@AUDD)
w ybiy w 82195 | weas m omnd
[ ! T i T | T ! M
~
(] 18
) =
v = @
L / o 3
® oy ® 1* S
O | 5
ve . Oy 4 &
y; m
7
o L-SHID UaAeD O >
. =
v o | £-19MY 1BISAI) 3
- 1-yedontag () -
- L v jruoizy 1% Q
O rAuns @
Ve mO v g9uc30 @ |t
- S

Asuanbai4 abeweq 2109 uo paseg swalsAg
HMd snouep 10) Bunjuey asuepoduw) uondadsuy



Surry-1 Study

e 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




System Importance Analysis

» Results of recent system prioritization
(Representative LWR Study) for the Surry-1
were used to selected systems for further

analysis:
1. Reactor pressure vessel
2. Reactor coolant sysiem

3. Low pressure injection system, including
the accumulators

4. Auxiliary feedwater system




L
\

Component Importance Analysis
« Core damage frequency was used as the risk
measure

« FMEA methodology was used to identifv and
prioritize the most risk-important componen:s
within the selected systems for inspection

e 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




Component Importance Analysis
(cont'd)

* Plant system drawings, plant-specific video
information management system (VIMS), and
system walkdowns were performed to identify the
potential targets (vital electrical buses, etc.)

* 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

S32010452 3



Component Importarce Analysis -
PRA Data to Rupture Considerations

Pipe ruptures are generally excluded from PRAs, since
they make small contributions to risk compared to
failures of active components

Consequences for ruptures of pipe segments have
been estimated from PRAs by considering failures of
adjacent active components (e.g., lack of flow due to
pump or valve malfunctions)

PRAs generally provide no information on probabilities
of pipe rupture (except for LOCA events)

Therefore, rupture probabilities have been derived
from available literature and expert judgement
elicitation, and then combined with consequences
from PRAs to calculate risk contributions

SS2010452 1



Expert Judgment Elicitation Process

* Except for some minor modifications, the process is
generally adapted from the recent method developed
for use in the NUREG-1150 PRAs

PN RN

Selection of Parameters

Selection of Experts

Familiarization of Issues

Training of Experts

Elicitation of Experts

Recomposition and Aggregation of Results
Review and Revision by the Panel of Experts
Documentation

$32010452 9



Process for Estimating Failure Probability
Using Expert Judgement

e —— e

| B PRA Results and

l Historical ; Feachue Mocmanics Other Relevant information

! Failure Data | P (system,component prioritization,
| | system descriptions, etc.)

R

Expert Judgment
Elicitation and
Discussion

r
f Additional informa*ion j

f (additional plant-specific
| information, etc.)

|

L

Estimated Rupture
Probabilities
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Estimates of Failure Probabilities for
Surry-1 Reactor Pressure Vessel
Components

Weld 1
Weld 2
Weld 3
Weld 4
Weid §
Weld 6
Weld 7
Weld 8
Weld §
Weld 10
Weld 11
Weld 12
Weld 13
Weld 14

Weld 15
Nozzle Forgings - Inlet

Nozz'e Forgings - Outiet

Beltline Plate

Vessel Sheil - Qutside
Beltiine

Upper Head

Lower Head

Vessel Flange

Enciosure Head Flange

Vessel Studs

CRDMs

Instrument Line
Penetrations

o——m__, Weld 1. Clreumterential weld, upper
shell to Intermediste shell
"‘C]:‘ Weld 2. Clroumterential weld,

flange to nozzie

E:] Weld 3 .
shall (beltline region)

,._____:D_‘ Welds 4 - Clroumterentiai weids,
thru & bottom head

’”““E—‘ Weids 6 - Intermediate and lower

shell longitudinal welds

e | iy
(bettiine regions)
'"-—-—'{ID Welds 10 - Nozzie to vesse! welds
— ) Bl
CRDMs -  Control rod drive

mechanisms

g
»———-—-—{ ) }—-——‘—--—-.

Clreumterential weld, lower

-9 -8 ¥ -6 -5 4 -3

log 10 (Failures/Year)
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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 piant 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%)




Cumulative Risk Contributions of Surry 1 Components
(Showing Decreasing Contributions of Lower Ranked
Components)
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Comparison of Residual Risk with Component Rankings

Residuai Risk (Core Damage Frequency) If iInspections Eliminate

Ai! 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
model

S92010452 5



Hisk-Based Rankings of Surry 1 Components
with Uncertainties in Estimated Rupture Probabilities

Contribution to
Core Damage Frequency
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Surry-1 Risk Results

Rupture Probability per Year
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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







TARGET FAILURE PROBABILITIES

Briefing: ASME Risk-Based Inspection Guidelines Research Project
U.S. Nuclear Regulatory Commission
Advisory Committee on Reactor Safeguards
Subcommittee on Metal Component

B.F. Gore

Bethesda, Maryland
February 13, 1992



Obijective of Inspection Program

To maintain plant risk due to ruptures at an acceptably

ijow value

- Namely, a small fraction of the risk due to failures of
active components and human operating errors




Risk Measure Selected

Core damage frequency due to internal events, as
determined by PRA analysis

* Same measure as used for component risk
prioritization

* Allows the most direct comparison with risks due to
active failures



Target Risk Concept

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



Objective of Component Inspections

To maintain component rupture frequency below a target
value

* DPeterm.ned from a component target risk and the
conditional risk given rupture of the component




Component Targ~t Risk

Determined by apportioning total target risk among the
componenis

Recommended
Apportior: iarget risx in proportion to estimated risk

» May result in unachievable inspection requirements




Surry Results

* Total estimated rupture risk is about 5% cf 2RA risk

* T[hen target risk, both total and component, - ials
estimated risk

* Then the target rupture frequency, to be maintained
by inspections, is just the estimated | ‘pture
frequency used in the prieritization analysis

L



Comparison of Residual Risk with

from Structural Failures
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Alternative Strategies for Risk
Apportionment

* Apportion target rick equally among risk dominant
components

* Apportion target risk to alleviate hardest-to-meet
inspection requirements

* More information is needed io evaluate need for or
appropriateness of these alternatives
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Conclusion

This provides a logical, quantitative methodology for
addressing the question:

"How much inspection is enocugh?”



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




Topics

Objectives of inspection programs
NDE reliability
Structural reliability assessments

Development of improved inspection programs



Elements of Inspection Program

What to inspect

How many components to inspect (sample size)
Extent of inspection (surface, volume, etc.)

How often to inspect

Method of inspection {visual, UT, ET, etc.)

Reliability of inspection method



Benefits of Effective IS]

o Increased confidence in structural reliability (defense in depth)

o Decreased failure probabilities

Benefils can be achieved only if NDE reliability
and ISI programs are effective



Discovery Meihod for Degradation - from NPRDS Data Base

Di=covery Method Number of Reports
Ultrasonic (UT) as part of ISI program 50 (52%)
Surface penetrant (PT) as part of IS program 11 (12%)
Visual as part of ISI program 3 (3%)
Leakage detected as part of IS] 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.qg. walkdown Inspections)

Cracks detected as incidental observations 0 (0%)

Five most important systems only
Wail thinning and cracking only
Excluding vibrational fatigue

Pipe diameters 3.0 inch or greater



NDE Reliability - Recent Trends

Data on NDE reliability have increased dramatically
(from round rebins and performance demonsirations)

Codes and standards have improved and more reliable NDE
is practiced in the field

Impact on plant safety requires inspections at proper
locations and frequencies

Risk-based methods will use NDE reliability data as input to
develop improved inspection plans



Plot of POD Versus Crack Depth for Clad Ferritic,
Wrought Austenitic and Cast Austenitic Pipe
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SRRA Process for
Evaluating Piping Reliability
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Impact of Inspection on Systems with
Decreasing Failure Rate (Case A) versus
Increasing Failure Rate (Case B)
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Detection of IGSCC in 10-Inch Stainless Steel Pipe
from Round Robin
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Predicted Impact of NDE on IGSCC

NOTE: RELIABILITY BASED ON
: CUMULATIVE FAILURES OVER
200 - 40 YEARS
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Next Steps with SRRA. Mlodels

Address high priority components and the failure mechanisms as
identified by expert elicitations

Develop SRRA models to evaluate alternative inspection scenarios
Perform parametric studies (e.g. with PRAISE code)
Apply simplified approaches to generalize resuits

Quantify benefits of ISl (i.e. factor of improvement, inspection
efficiency, etc.) for use in decision-risk analyses






DECISION-RISK ANALYSIS

ASME Risk-BAsep INSPECTION GUIDELINES RESEARCKF PROJECT

U. S. NucLeEar REGULATORY COMMISSION

ADvISORY COMMITTEE ON REACTOR SAFEGUARDS

SUBCOMMITTEE ON MeTaL COMPONENTS

KeEnN BaLkEey

BETHESDA, MARYLAND
FeEsruary 13, 1992



FIGURE 2-17. INSPECTION PROGRAM DEVELOPMENT

l

* | 1) CHOOSE CANDIDATE INSPECTION STRATEGIES

o Define Potential For Damage States
o Define Potential For Inspection Damage
o Define Reliability of Inspection Methods

UPDATE
FMECA

. 2) CHOOSE AN INSPECTION STRATEGY AND PERFORM INSPECTION

Estimate Effect of Inspection on Failure Probabilities and
Estimate Effect of Potential Degradation Mechanisms
Estimate Effect of Potential Loading Conditions

Perform Sensitivity Studies

0000

3) CHOOSE
APPROPRIATE

INFORMATION

(2) IMPLEMENT
ACTION

|
|
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(Sensitivity Studies)
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LATER

UPDATE STATE OF KNOWLEDGE
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DECISION ANALYSIS

A Structured Approach For The Analysis Of Business And Technical

Situations Impacted By Uncertainty And Risk.
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NSPECTION PROGRAM

INFLUENCE DIAGRAM FOR DEVELOPING AN Ik
FOR A LOW PRESSURE SAFETY INJECTION SYSTEM

FIGURE 2-38
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FIGURE 2-39 CONCEPTUAL DECISION TREE FOR DEVELOPING AN INSPECTION

PROGRAM FOR A LOW PRESSURE SAFETY INJECTION SYSTEM
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TABLE 2-15
LOW PRESSURE SAFITY INJECTION LINE PROBABILITY ASSESSMENTS

Chance Nude Conditional Probability'’
Birary Events e iNext 30 Years)
Flaw Present 0.19
ASME Unaccept ™' “ize Flaw 0.36
No Repair V. « upair 0.25 no/0.75 yes
Large Leak 0.04
Break Before Leak 0.001
Core Damage 0.015
Major Radiation Release 0.08
Detection:

asMe‘®) 181 0.67

Improved NDE 0.%4

2 x ASME Freguency 0.90

Half ASME Frequency 0.5%0

(,) Each probability is conditional on prior events in the decision tree

(2) For this example, the term "ASME" refers to the curre:: requirements of
ASME BPVC Section XI (1989).

09880:10/111391



TABLE 2 16

LOW PRESSURE SAFETY INJECTION LINE COST FACTORS .

Variable Unit of Measure Assumed Value
IS1 Direct Cost $K/10 Year Cycle 500
Evaluation Direct Cost $K/Indication 80
Repair Direct Cost $K/Crack 200
Incrementa) Outage for Evaluation Days 2
Incremental Outage for Repair Days

Forced Outage for Leak Days a0
Forced Outage for Break Days 120
Incremental Outage for Improved Days ]

NDE Methods

Replacement Power Penalty $K/Day 500
Dis-ount Rate Constant $, Risk Free (%) 4
Minor Radiation Relea ¢ $M/Release 4000
Major Radiation Release $M/Release 10000

096890:10/11139
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FIGURE 2-38.
RISK RANKING (POST INSPECTION)

PROBABILITY
OF FAILURE

CONSEQUENCE

a. FRankirg Using Single Point Estimates
Based on Lines of Constant Risk

PROBABILITY
OF FAILURE

CONSEQUENCE

b. Ranking, Including Uncertainty, Based
on Lines of Constant Risk
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Reliability Methods
Appilcation to
Fossil Fuel Power Plants

Niagara Mohawk Power Corp.
Dy
Lloyd Smith

J.S. Nuclear Regulatory Commission

ACRS Subcommittee on Metal Components
February 13, 1992




Focus

Why
Methodology
Results

Benefits



Risk Control

;Rmk Reduction

Minimize Plant Transients
Increase System Reliability
Improve Component:
Availability
Maintainability
Testing/Inspection
Procactive program
Inspect Major ltems




Recent Projects
Probablistic/Reliability

e T/G Protection Schemes

e Limestone Injection System

e Control System Upgrade

e Life Extension
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/
/- Becord Number
/ /
/ / \
/ V= Component Identitier
’ » . Ty -

FW 12/08/83 458988 366-0661-BFP Pump C T 4
FW 03/26/86 238709 365-0661-BFP Pump D D 4%

FW 04/02/87 6386520 365-0651-BFP PUMP | T 75
L L .

\ \ | \
Component —_—— LA,

Catastrophic
Degraded "
Incipient N

Eailure Mode
T-Fails whilv runnir 4
D-Fails to start

E.““[. ‘:.“.' e
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Fosst! Generation Faitlure Data Base
©1989, property of Niagara Mohawk Power Company. All rights reserved.

HUNTLEY UNIT 65 MECHANICAL COMPONENT FAILURE DATA
November 1, 198] to November 16 1988

SYSTEM DATE RECORD [DENTIFICATION COMPONENT SEVERITY MODE CAUSE

FHOG  12/31/80
ASHH  01/03/81
ASHH  01/04/8]
FUEL  01/05/8]
FUEL  01/06/8]
SUPTEQ 01/06/81
BOILER 01/07/8]
FHDG 01/08/81
FHOG  01/08/8]
FHOG 01/08/8]
FHOG  01/08/8]
BOILER C1/09/81
FUEL  0]/09/8)
FUEL  01/09/8]
BOILER Q1/10/8)
FUEL 0l1/10/8)
FHOG ©l/10/81
FHOG  01/10/81
FUEL 01/10/81
BOILER 01/11/8]
FUEL  01/12/8)
FUEL 0l/12/81
FUEL  01/12/81
FUEL  01/13/8]

FUEL  01/16/8)

FHOG  01/16/8)
FUEL  01/17/81
FUEL  0i/17/8)
FUEL  01/18/81
FHOG  C1/19/81
BOILER 01/20/8]
FHOG  01/20/8)
FUEL  01/20/81
Fw 01/20/81
Fw 01/21/81
Fw 0l/21/8)
SUPTEQ 01/21/8)
SUPTEQ 01/21/8]
SUPTEQ 01/21/8])
SUPTEQ 01/21/81
SUPTEQ 01/21/8])
SUPTEQ 01/21/8)
SUPTEQ 01/21/8]
BOILER 01/22/81
FHOG  01/22/81
FHOG 0l/22/8)
ASHHNO 01/23/81

415008 365-0652-CONVYR
405671 365-0065-FLSHCHT
0 365-0065-FLSHCHT
0 365-0651-COALFOR
0-365-0652-COALFOR
414483 300-0012-CONYYR
0 365-0065-B0ILER
45260 365.0654-CONYYR
415258 365-0653-CONVYR
415¢57 365-0652-CONVYR
415256 165-065]-CONVYR
0 365-0065.BOILER
405686 365.-0654-COALBNR
415020 J85-0654-COALBNR
0 365-0065-BOILER
0 365.0653-MILL
0 365-0654.DMPSCL
404649 365.065] -CONVYR
4185272 365-0653-MILL
0 365-0065-BOILER
415274 1650653 -COALBNR
40569) J65-0654-COALBNR
405690 365-0654-COALBNR
0 365-0654-COALBNR
0 365-0654-COALFDR
415281 365-0653-CONVYR
0 365-06%] -COALFOR
0 365-0654-mLL
0 365:0654-COALFOR
0 J65-0654-CONVYR
0 365.0065-BOILER
0 365-0854-DMPSCL
415033 365.0652-COALBNR
0 365.0065-DESUPER
0 365.0065-DESUPER
0 3650068 -DESUPER
414496 300.0004 . BRADBKR
414497 300.0020-CONVYR
414500 300-0020-APRFDR
414492 300-0016-CONVYR
414493 300-0018-CONVYR
414494 300-0004-CONVYR
414498 300-0013-CONVYR
41536] 365-65G6-SOOTBLR
0 3%8-065)-CONVYR
415038 365-065]1-CONVYR
0 J65-0065-ASHHPR

CONVYR
GATE
HOPPER
HOPPER
HOPPER
CONYYR
TUBE
CONVYR
CONVYR
CONVYR
CONVYR
TUBE
PIPE
PIPE
TuBt
BRKER
SCALE
CONVYR
BRKER
TUBE
BURNER
PLPE
PIPE
PIPE
HOPPER
CONYYR
HOPPER
MILL
HOPPER
CONVYR
TUBE
SCALE
PIPE
ATTEMP
ATTEMP
ATTEMP
BAKR
CONVYR
CONVIR
CONVYR
CONVYR
CONVYR
CONVYR
STOLWR
CONVYR
CONVYR
HOPPER
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Exposure Hours

nr

Qp Wr ¢ ¥

8F-93 4

BF-P2

P2 ' 8% -p

Fo-¥2 l -,

nii-3 -4 10-#1 -¥2 -1

-

‘FEEEEEEEE FE
cdededododedodododsdicnden
EEEECELEE TE
'EEEEEELEE FE
SEECECEERE FE
"EEREBEEEE L
EEEEEEEEE EE
‘EECEEEEEE FE
‘EEEECEELE FE
"CEEEEEECE EI
LEEEEREEE LL
SEFEEEEEET EE
EECECEEEE IT
'EECEEEEEE FE
'CEEEEEEEE FE
CECEELEEE EL

L




Number of Demarxis

-il-2 LIRS "nii-4 - 10-%¥2 51 fo-£2 - e w 7 -, L L L L b e Ll

L AL

Year

o

SHEEEEEEEE BE
uAv#...f-#-%..#-#.%.%o ..nm.o.i

§ R K

EFEEERLEE B
L ke i B R R R R R .-l......
nuwnm:«anum“
|

INERLEFEAEEE FE
-

CEEREMEEE R
ol m o w o @ e N e g °

S

WW!H?!?N?? %e
SRR R R
n,..wnﬁw.mwwx..m 1A
w

_—

SR R R B R B K ®
o ¥ B R R R R e e Ri B
|
EEEREREEE FE
NEEEEEEEE Br
|

R EE R B
J

S ECFPEECEE FE
R ER




COMPONENTS WITH MIGHEST CALCULATED UNAVAILABILITICS®

—lpmoonent

No. 4 Coal Burner
Botler Tubes

Group 2 sootb)ower

No. 2 Mil

No. 1 Coal Burner

No. 3 MM

No. 2 Coal Feeder/Mopper
No. | NI

Group § Soctblowers
Group 3 Sootblowers
No. 2 Conveyor

No. 3 Botler feed Pump
No. 2 Coa) Burner
Attemperators

No. 1 High Pressure
Feedwater Heater Bank

S1ag Removal System
Clinker Grinder

No. | Hot Wel) Pump
No. 3 Coa) Burner

No. & Primary Air Fan
No. 3 Primary Afr Fan

Mnavallability (%)

12.6
7.4

.83
68
A8
29
A3

- N e W W

=
~

1.4
1.3

1.0]
1.00
0.98

0.4]8
0.402






Unavailability
by Component (Greater than 1%)

Reheat Furr Tubes
A A A \:\\' l
Superheat Furn TUDes |t , |

671 Boiler Feed Pump

672 Boiler Feed Pump

671 BF Booster Pump | |
LR PR g

672 BF Booster Pump

Turbine | |
‘ | n | I
P4

673 MIllZt'786 Mill |
|
8 10 12 14 16 18




Unavailability
by Component (Greater than 1%)

v g e e b A e

Boiler Tubes

Attemporators

- — - — -

3 Sootblower Group

2 Sootblower Group
1 Burner/4 Burner

Bottom Ash (Slag)

2 MillZz4 Mill | |

Turbine | ! '

| 4

Precipitators J J
é 8 10 12




Summary

e Improved maint./operation

e Increased plant availability

e Reduced risk

\
|
e Focus on weakness/strengths

e Imnroved Decisions Process
e Structural/Mech./Elect./Control

e Task Force Integration




NUCLEAR UTILITY PERSPECTIVE

ASME Risk-BAsep INSPECTION GUIDELINES RESEARCH PROJECT
U. S. NucLear ReGuLATORY COMMISSION
Abvisory COMMITTEE ON REACTOR SAFEGUARDS
SuBCOMMITTEE ON METAL COMPONENTS

CHARLES A. TomMmEes
WIsconNsIN PueLic Service CORPORATION

BETHESDA, MARYLAND
FEpruArY 13, 1992



UTILITY PERSPECTIVE REGARDING
DEVELOPMENT OF AN INSPECTION PROGRAM

1ST CONSIDERATION

SAFETY

2ND CONSIDERATION

ECONOMICS



EXISTING CHALLENGE

TO APPROPRIATELY CONSIDER ALL INPUTS TO THE INSPECTION
PROCESS

SUCH AS

FREQUENCY, METHOD, POTENTIAL FAILURE MODES, HISTORICAL
FAILURES, FABRICATION DEFECTS, MATERIAL BEHAVIOR,
LOADING, EXTENT OF EXAMINATION, ACCEPTANCE STANDARDS,
SCOPE, INSPECTION SCHEDULES, RADIATION EXPOSURE,
PERSONNEL HAZARD, RELIABILITY, REPEATABILITY, ETC.



NUCLEAR UTILITY PERSPFCTIVE

ASME Risk-Basep INSPECTION GUIDELINES RESEARCH PROJECT

U. S. NucLear RecuLAaTORY COMMISSION

AbviIsSOorY COMMITTEE ON REACTOR SAFEGUARDS

SUBCOMMITTEE ON MeTAL COMPONENTS

CHArRLES A. ToMEs
Wisconsin PusLic Service CORPORATION

BETHESDA, MARYLAND
Fesruary 13, 1992



POTENTIAL APPLICATIONS

REVISION TO ASME CODE SECTION XI

SAFETY SYSTEM FUNCTIONAL INSPECTIONS

MAINTENANCE-METHOD, FREQUENCY, AND SCOPE

DEVELOPMENT OF NON-ASME CODE SECTION XI PROGRAMS,

E.G.

Non-0A-1 SNUBBERS

Non-0A-1 COMPONENT SuppPORTS

RUPTURE RESTRAINTS

YALVE INTERNALS

EROSION-CORROSION

SERVICE WATER (FouLING, SAND, PITTING)

IMPINGEMENT BARRIERS




UTILITY PERSPECTIVE REGARDING
DEVELOPMENT OF AN INSPECTION PROGRAM

¥ 1ST CONSIDERATION

SAFETY

"% 2

2ND CONSIDERATION

ECONOMICS it







NUCLEAR UTILITY PERSPECTIVE

ASME Risk-Basep INSPECTION GUIDELINES RESEARCH PROJECT

U. S. NucLear ReEGULATORY COMMISSION

ADvISORY COMMITTEE ON REACTOR SAFEGUARDS

SUBCOMMITTEF ON METAL COMPONENTS

CHARLES A. ToMmes
WIsconNsIN PuBLIC Service CORPORATION

BETHESDA, MARYLAND
FeEsruary 13, 1992



SUMMARY BENEFITS

PROVEN TECHNOLOGY

Process COMPLEMENTS EXISTING REQUIREMENTS

FACILITATES INCORPORATION OF ExTRA-CODE,
REGULATORY AND Economic FAcTors

DECISTON-MAKING REFINEMENT

LiviInG PROCESS

ENHANCES STRATEGIC INSPECTION Focus

EasiLy ApApTED FoOr NonN-ASME Szction XI AREAS

Can Be User For MANAGEMENT OF AGE-RELATED
DEGRADATION



UTILITY PERSPECTIVE REGARDING
DEVELOPMENT OF AN INSPECTION PROGRAM

1ST CONSIDERATION

SAFETY

ZND CONSIDERATION

ECONOMICS



Roadmap for ASME Task Force
Phase Il - Nuclear Power Plant Components

steps
Establish Safety and Risk Objectives
Identify High Priority Componer:is
Identify General Groups of Components/Locations
Establish Goals .+ Acceptable Failure Probabilities

Identity Those Inspection Strategies That Can Ensure
Acceptable Failure Probabilities

Final Selection of Inspection Strategies Based on
Cost/Effectiveness

Identify Generic I1S| Requirements (Frequency, Method - .

Including Probability of Detection Needs) From Trends of
Pilot Studies

Work With ASME Section X! Members to Achieve
Enhanced Inspection Requirements

Prepare Volume 2 - Part 2 Document

Steps 2-7 will require the following three activities

1. Risk-Based Rankings Including
Expert Elicitations for Component Failure Probabilities

SRRA Calculations

Decision-Risk Analysis Calcuiations




NUCLEAR UTILITY PERSPECTIVE

ASME Risk-BASeED INSPECTION GUIDELINES RESEARCH PROJECT

U. S. NucLear REGULATORY COMMISSION

ADvISORY COMMITTEE ON REACTOR SAFEGUARDS

SuBcOMMITTEE ON MeETaL COMPONENTS

CHARLES A. TOMES
WIsconNsIN PusLic SeErvice CORPORATION

BETHESDA, MARYLAND
FEBruary 13, 1992



