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UNITED STATES NUCLEAR REGULATORY CC:01ISSION' S2

3 ADVISORY CO 0!ITTEE ON REACTOR SAFIGUARDS,

O 4
,

Tuesday, 10 July 1979.

5 .

6 The contents of this stenographic transcript of the

7 proceedings of the United States Nuclear Regulatory

8 Co=nission's Advisory Committee on. Reactor Safeguards (ACRS ) ,
~

9 as reported herein, is,an uncorrected record of the discussions

10 recorded at the meeting held on the above date.

II No member of the ACRS Staff and no participant at this .

12 meeting accepts an,y responsibility for er'rors or inaccuracies

, () 13 of statement or data contained in this transcript.
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- SUBCOMMITTEE MEETING
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'

METAL COMPONENTS
9i

10 Room 1046
1717 H Street, N. W.'

II | Washington, D. C. j

. i

12 , Tuesday, 10 July 1979

( 13 | The ACRS Subcommittee on Metal Components met, pursuant to
! >

'I4 ' notice, at 8:35 a.m., Dr. Paul G. Shewmon, chairman of the

!
15 subcommittee, presiding.
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I7 j DR. PAUL G. SHEWMON, Chairman
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I9 | MR. HAROLD ETHERINGTON, Merber
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t-l&2 mte 1 PROCEEDINGS ;

(' ,

2 DR. SHEWMON: This is a meeting of the Advisory i
-

3 Committee on Reactor Safeguards, Subcommittee on Metal Components.
'N |
' 4i I am Paul Shewmon, Elbcommittee Chairman.

'

5 Tomorrow we will meet also with the Extreme External

6 Phenomena Subcommittee. That is why you will see a bunch of
1

i

7| extra seats around. And also, the Combination of Dynamic ;

I '

8| Load Subcommittee.
I
'

9i The other ACRS members present are Myer Bender and
I

10 Harold Etherington, and Carson Mark may be here.

11 We have in attendance the following consultants:
i

i .

12 ' Warren Berry, John Moteff, Monroe Wechsler and Zenons Zudans.
i -

i

(s 13 - The purpose of this meeting is to review the NRC !

14 research sponsored by the General and Water Reactor Safety
|

15 | Research Offices. After temorrow, we will get into the
,

:

16 activities that have shut down five plants because of loading

17 combinations. We will also discuss feedwater cracking.
q

.i
18 ! The meeting is being held in accordance with the

,1
||

19 provisions of the Federal Advisory Ccmmittee Act and the
I,

20 i Government in the Sunshine Act. We are fortunate to have
!

1
21 Mr . El Igne on my right as the designated federal employee for

(,, 22 this portion of the meeting.

23 h, The rules for participation have been announced as
i

i

24 y part of the notice of the meeting previously published in the
Ac.4 _.e n. m n m .inc.g

25 " Federal Register on June 25 and 26.
_

/, , t
e

,

I
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1 A transcript of the meeting is being kept and will

C
2| be made available, as stated in the Federal Register notice.

i
I i

3| It is requested that each speaker first identify himself and |
-

!-s

4 speak with sufficient clarity and volume so that he can be |
s

|
51 readily heard. ;

i .
i .

6| We have received no written comments or requests for
i

i
1

l

7 time to make' oral statements from members of the public. j

!

Bl Let me scope things for a minute here, if I can find !

! |

9: my agenda.
| t

10 (Pause.) j

i

II f As most of you know, the original purpose and main
,

I

i
.

i

12 purpose today was to go over the research and technical

(' 13 , assistance programs that are funded by the NRC, in preparation
,

14 for a report to Congress which the ACRS must write annually.
;

|
.

15 ' At the latter -- since the research program that the NRC does ,

16 is to be set in a context of a broader need, we will have

17 1 representatives frcm EPRI and the vendors here to talk abcut

j o, j,i their research programs in this area of metal ccmpenents .

19 Metal ccmponents has become such a pcpular and

20 exciting program these days that they have squeezed us all
i

21]downintooneday from what ' rad been a two-day meeting, by
(j 22 superimposing or preempting the second day, first with

1
23 j combined loads, which I acquiesced to, and now I see external

,

,d 'ly phenomena, which I don't remember acquiescing to. But it isd

Ac.# _ .i n emnen. inc. 3

25 d conceivable that I did .
|

| E f (J l '. li a-

, '
!
!

.. - - - . - - - - . . . - . . - - . . - - . . , _ . . - .
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i
i

1
So why don't we -- if there are any ges ral questions 1

1

2 or comments,at this point, I would be pleased to hear them. |
|

3|, And if not, we will get on with Dr. Serpan. t

'

-- ;

I
4| MR. BENDER: It wasn't obvious to me that we were

i
l '

I

5! going to combine this with the external load business either.
i

l

'6 i How did that happen?
i

7| MR. IGNE: What we are going to do, because of the
|

i
-

' fact Ebat it is coming from the same group -- Larry Shao,
8

9 Larry Shao's branch -- there are a couple of related sections

10 here. We are going to cover the mechanical engineering section
!
|

11 ! anyway. And since the structural engineering area is inter-
|

12 mediate between the seismic part and the mechanical part, in

( 13 looking at the structural aspects of it --

,

14 DR. SHEWMON: But you gave them a half day and that's

15 too much.
I

16 MR. IGNE: It might be, depending upon how it goes.

17 We can mcdify that.
I

13 , MR. BENDER: My impression is, Mr. Chairman, that
i

19 | ve ought to modify it. Thar is just a personal cpinion.
1

20 DR. SHEWMCN: Do you have any idea -- the earlier

21 ] draf t of the agenda had the vendor programs on the second day,
..

(j 22 j or do we have any idea whether those people can stay over?

MR. IGNE: I can request it, but I don't know if they23'i,
-t

24' can or not. They did have scme flexibility in their schedule
Ace-Fv at R eporte,s, Inc.

25 when I talked to them. y

l EI '1 /j '3
o

]
.
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|

|
1 DR. SHEWMON: My thought was that we would run behind

c~' ,

2, schedule through the first half, up to the break. At least I'-

i

!

3I frcm last year, Vince Noonan didn't take an hour to talk, and
. !

is

4' Jim Knight may or may not, depending on how many questions we ,

i
i

5i ask him. So let's start and not spend too much for questions for
! .

!

6; Chuck. We don't want him to feel lef t out. We will see where
,

7 it goes from there.
!i

8i (Slide.) ,

;

9! MR. SERPAN: I am chief of the Metallurgy and
i

10 | Materials Research Branch in the Office of Water Reactor Safety'

|

!

ll i Research.
!

\
12 ; This morning I intend to review' the activities that

i

k) 13 we have under way for primary system activity ,in this branch.

14 The research of the* branch is conducted in four major areas.
I

15 Those are: vessel and fracture mechanics; irradiation tests
4

:

16 and dosimetry; steam generator tube integrity and stress
1

17 .1; ccrrosion; and nondes tructive examination.
t

:!

18 H I have been specifically asked to give extended
n
f19 i discussions in three separate areas this morning. So I will
!
.

20 l do that as they appear when I go through the program for these
'l
;l

21 ;; separate areas.
i

1

22 (Slide . )
o
:I

23 d The area of vessel and piping fracture mechanics has
i

24 !| as an overall purpose to establish validated fundamentals of
Ace-Ft .at Reporters. Inc. h

25 fracture and fracture analysis for vessels and piping, to assure
a
!! c . l. i ':v

.

U

l
1

. ... - - . -- . . - _. --- - - . .
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i
| i

1 safe design and cperation. The specific objectives -- the

(~~ ;

2 overall objectives, I should say, hhat we have for this piece j'

i

3 of work are to develop and validate elastic, plastic and |
|

,

!
'

4 tearing instability criteria for the licensing staff, for

,

5' application in both vessels and piping.
t ,

|
'

6, We are working on validating thermal shock and steam
i
t

7| line break evaluation methods. We are quite well down the way '

| |

8' on thermal shock, and we are plunging into the steam line break,i
,

! :

9 ! which could be also construed as a pressurized thermal shock.
i
f

10 | We are pushing hard on that, trying to get that going.

:1 | The next obj ective is to establish the integrity of

12 : vessel having low shelf material. The problem surfaced with !

l .

(\ 13 the B&W low shelf weld metals, and we are working hard.to,

14 , determine the toughness of those weld metals . But we have
!
6

15 ' concluded that it is necessary to show that this low shelf weld

16 |
metal in a vessel either will or will not maintain the integrity

17 j cf the vessel.
!

IS . So we are planning an intermediate vessel test with
1

17 low shelf material in it, to prove the integrity of such a
,

i

20 ' material .

21 DR. ZUDANS: You mentioned this came from B&W. That
:

f
(, 22 j is with the weld that they use, metal that they use?

n
|-

23 j MR. SERPAN: Yes.
1

24 [I.; DR. ;UCANS: ; thought they were dc'.:g all of that
Ace h,_. al ReDorterl, f rtC. '

25 ' research en it. Why would you do that research?

<i;
'

(' 1-
,\ ,

|

i

--- -. -~_m. . - , - - - . , __. . . - , _ _ . .
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!

1 MR. SERPAN: We were specifically requested by the |

I
' - 2 licensing staf f to determine the toughness of that low shelf f

I
'

3j material, so that the licensing staff would have a basis to
5

1 '

I understand, based on the Sharpe numbers that come in from the4

5 surveillance programs, ihether the toughness is adequate or not.,
1

6 We have been getting a great deal of help from B&W. They have

!

,| oeen supplying materials for us. Admittedly, we are doing an

i

3. extensive job in testing and irradiation. But without the
|

9 materials, we could not do it either. But we are doing this

i .

10 in direct result of a request from the licensing staff for thisI

i
i

11 1 information.
.

,.

12: DR. ZUDANS: The only question I really had was, ;.

' '

kj 13 how much of the work is really parallel to what B&W is doing?

14 MR. SERPAN: B&W is not irradiating any material.

15 So the crucial thing that we are doing is the irradiation of

16 ! this material, including specimens up to four-inch thickness,

17 j and developing the size ef fect transition in the irradiated
1

1

18 , as well as the mechanical properties .
d

19 DR. ZUDANS: How do you get four inch thick metals?

20 , This is the welding that we are talking about.

21 MR. SERP AN : The specimens are made frcm -- the
o

l<
-

22 1 weld runs right through there . But the specimens themselves
h

23 N are four inches thick.
0

24 h DR. ZUDANS: Thank you.
Ace A_ sal Reporters, Inc. '

l

25 ; DR. SHEWMON: You are giving them accelerated
!. v.,

| /
* g; '\ 'a L.

/
'

L.

J ' *
;

._ . . - - ~ . _
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I

l
!I radiation tests?

rm |

- 2 MR. SE RP AN : Yes.

3, DR. SHEWMON: Where is that being done?
,

I i

4| MR. SERPAN: At Oak Ridge. ,

'
i
'

!

5 Two irradiations have been conducted with these |

i

6' large specimens, and we are planning a third one. ,

I i

7' The~next step is, we are working to update the ASME '

8' 'a curves for crack growth rate. We have work under way at

9 NRL and through the HSST program at Westinghouse, and we have

10 ( an international program under way where we have about a dozen

I I |' countries throughout the world who are also, hopefully, contri-
i !
l . '

12 ( buting their data. .
,

.

(, 13 DR. SHEWMON: How much of that is in environmental

I4 effects, and why are we doing any of it?

15 MR. SERPAN: A great deal is environmental effects.
,

!16 We are watching the water chemistry very carefully. It is
:

I7 h being done mostly at 550 degrees Fahrenheit and 2100 or 2200

I8 , pounds pressure, and it is being done in reactor-grade water,
|

19 i; with the chemistry being very carefully contrciled, . to try at

20 this point with pressurized water reactor chemistry. But we

21 a are trying to duplicate PWR water chemistry as closely as we
l

' 2' s can.'1
( .

b
23 DR. SH WMON: Does anyone really knew what kinds of

n
'l

,4 ||' 1 excursions in pH or other things come about in LWRs? Cne
Ace 4 at Reporters, I,ic. h

!!
25 h theory, that is, in the BWRs it is the high oxygen on startup

i

i
u

|

| .p 3
--

DOO I23
- --. - - . . _.
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1

i
i

1 that bothers you. |
t

-% i

2 Do you know whether or not it is, for example, pH-
i

I !

3 ! excursions in LWRs that may give you most of your problems? i

m
4 MR. SE RP AN : No, we don't know that. We think we

5, have the most severe conditions that are reasonable. But no, -

r

\ :
i i

6' we don' t know the answer to that one. ii

I
i '
I

7 DR. SHEWMON: We don't know where the problem is!

1
!

8, scoped and we aren't doing anything to find out?
I

9! MR. SERP AN : From that standpoint, as far as the
:

|

10 ' water chemistry standpoint, it's correct, yes, that's true.

11 MR. BENDER: I don't understand your answer quite as ,

i !

i

12 , well as I ought to, Chuck. Are you sayin'g that we don' t know
|

{', 13 the factors that influence pH control?
i

14 MR. SERP AN: I d on' t think we know them well enough --
i
i

15 ; wait a minute. The factors that influence pH control?
I

I

16 , MR. BENDER: I think the PWRs have a position which

17 says they know what the pH ought to be, they are regulating it,
t

18 and so if pH is a problem, then it has to be, because we dcn't
,

4
19 : knew where to set it.

!

|

20 " MR. SERPAN: I don't think that's the case .

21 | MR. BENDER: What is the case?

22 MR. SERPAN: I think what Dr. Shewmcn was talking'

,

P
23 about was excursions and going off chemistry.

24 DR. ZUDANS: Irradiation levels are not known in
. . s.oorters, inc. IAc.4

25 ' actual plants. If they do the tests precisely and control pH,

L> >r.(a, i m :i.<a
, ,

. _ _ . - __. . ._.
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1 it may not represent the real situation.
,

(' i
'

'- 2 MR. BENDER: You mean we may not have taken enough

3I samples to know what it is; is that what you're saying? |
-s ,

I

4 DR. ZUDANS: Yes.

I
5i MR. BENDER: I am not comfortable with that answer.

I !

6{ I" suspect that we know a lot more about it than might be i

i e
i i

!
7 inferred by that answer. j

aj MR. SERPAN: What I was saying was that I do not know

9 that much about the excursions in there.

10 MR. BENDER: That is a dif ferent answer than saying )
:
I

11 that -- |

12 DR. SHEWMON: Is there anybody in the NRC who is
: .

13 likely to know what the excursions are? |() '

i
i

14 ,, MR' . SERP AN: I think that information probably is i

l
15 ' much more available to the licensing staff.

I

16 | DR. ZUDANS: Ecw closely do the licensees control

17 ; pH and what kinds of records do they have on that? What is the

18 meaning of the test and this strict control that you will be

19 ! doing?
I

20 MR. SERPAN: We have representatives from the vendors

21 who come to the meetings pericdically where we discuss this.
n

d/ 22 ;i I guess at this point I am assuming that the vendors and,

4

23 ] utilities who are interested are paying attention to this and
:.
.

'

24 trying to give us some of that input. If we are not getting it,
Ac. A. .r.i amon ri, inc.

'

25 |j
I i, ,we will certainly look into it frca ncw on. '

,

v i .s s

.
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l
,

|I Pedro Albrecht is responsible for this area, and I

|
m

- 2 think you are listening and I certainly hope you take this -- |
i

t

3 DR. SHEWMON: Is this the water chemistry area? l

s ,

t

4| MR. SERPAN : The cyclic crack growth rate. We will ;

I
'

5' certainly look into it. i
t
I

6 MR. ETHERINGTON : The range of boric acid concentra- f
, i
! t

I

7| tions in BWRs, I would suppose that the pH would vary over a ,

i

!

8i very wide range. It probably isn't even controlled. |

9I DR. SHEWMON: I hear things about lithium additions.

10 Is that done to control pH some?

II MR. ETHERINGTON: I don't know if that is standard
. .

'

12 | practice or not.
t
I

k.,- 13 ! DR. SHEWMON: I don't know if there are any regs on
I !

I4 ! it or not.
'

I

15 ! MR. BERRY: They do add lithium for pF control. As

'

16 | you increase the temperature, boric acid really doesn't change
1

3 ,' . pH much, so that by adding just a fraction cf lithium, the
q

1

la lithium is very effective in maintaining a mere or less neutral

I9 pH at operating temperatures .
:!

20 I DR. SHEWMON: Is it your impression that the pH is

21 1 controlled within reasonably narrow limits, then?
!i

22 |
'

1 MR. SERRY: It is controlled, yes, to the best of,

-

i

23 j their ability. You can' t measure a high-terperature pH . I;

:

,,
"

'

is added for that purpose, to try to get a neutral rH cr close
, at Reporters, Inc. ;Acea

SC I
"p to neutral. E < 1

J U iv u
i

!

h
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|
,

1 DR. SHEWMON: What concerns me is that we are
'

|
-> i

_ 2 blissfully going on at one pH, and it is possible it doesn't |
,

i

'

3|- make any difference where it is. But we certainly do know
'N

4 that the vendors don't always control their chemistries parti-
i

5 cularly well, as witness steam generator problems. And although;
i

!

6 ! that is not primary, I grant -- and it bothers me somewhat that

I

7; we don't seem to even be doing anything to scope the problem, ,

i

e-1 8i to knew if we are in the least conservative part of it.
'

'
!
'

I

9| MR. BENDER: They have a range that claims to be
! '

1
10 ' the range at which crack propagation is minimized. That was my

I

11 impression. You metallurgists know more than I do. .

12 + DR. SHEWMON: Some work out of Westinghouse, their

1

theory is it is hydrogen deposition at the crack as -- that is(,3
.

i
13 !

14 indeed helping propagate the crack. I don ' t think they did -

i

15 anything with pH variations in water.
|

16 ! MR. BENDER: I won' t argue that point. They don't
!

17 { think the crack propagation rate is of great importance.
1

18 i DR. SHENMON: Their views may be changing on that.
il
li

19 , MR. SERPAN : I do not know the exact answer for you
,

1
20 on rhis, but we have been werking on it for cuite a while and

21, pH is well known. We do have to take care for it. I will not
|

,

n

22 .i say that we are operating in the absolute proper range f or it.'

qx-

22 q I would be surprised if we were not.
9

24 j DR. SHEWMON: I am sure your advisers tell you you're
Ace-8 al Reporters, Inc. h

- n
25 P in the best range.

-

'1 '
.

i . ,
u a '

1
i

_ _ __ _ _ _ . __ _ __ . . _ _ _
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|

1 Are you doing anything to find out if pH does affect |
-s

!

2 it? !s-

Ii
i !

3i MR. SERPAN: I am pretty sure that we are not. pH as
s ,

I

4 such is not one of the primary variables. |

|
DR. SHEWMON: Why is it one of your responsibilities |5j

| '

6, to help the vendors redesign the ASME code curve?
,

1

7 MR. SERP AN: Information has come out that says tha c

|

g the crack growth rates are considerably higher than the allowable

|

9, curves in the code.
I ;

10 DR. SHEWMON: The environmental code?
i i

11 | MR. SERPAN: Both in water and in air, yes. And as |
|
,

!
12 a result, the staff has asked us to please get with it and find !

,.,

( ,.' 13 out what the data really are. They are going to have to

14 recommend a new curve and they want to be sure that it is

15 | proper and conservative.
!
i

16 ! DR. SHEWMON: This is what the Marshall report sug-
1

17 || gested several years ago.
.i
.i

la || MR. SERP AN : We were working on it at the time. We
il

*|have been working on it.19 t
.|

20 MR. BENDER: Hcw far off are they?
i

l

21]' MR. SERP AN : What is it, Pedro? Maybe an order of
,

/ k

_-
22 d magnitude?

t

23 ij MR. ALERECHT: About a factor of 1.5 to 2 in the
n
;i

24 C range of about 10 ksi, a delta K range of the stress intensity
ace.ru..i n.conen. inc.

25 factor of 10 ksi to about 40.
i
1

|

| C, ' f 1
^

s
| 0 l ;G i

i
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|

1 MR. BENDER: Is the argument that the crack size is !

-s. !

- 2 ! detectible, is such that that 1.5 factor is important? Or is ,

I
t

3| it j us t th a t the number --
s i

I
MR. SERPAN: We are talking about crack growth rate.4'

! !

i

5 MR. BENDER: I understand. But you start with some

6! specified crack size and you postulate a crack growth rate
i

!

7 that is a function of the initial size. If I am looking at a

!
8i crack growth rate of 1.5 times something and I am starting with

t

|
9, a very small crack, then the importance of making -- whether it

i

i
'

10 | grows at 1.5 times the old rate or not may or may not be mcot.

!
11 i MR. SERP AN: Now you are talking about the actual '

i

i

12 ' imposec stress intensity on the crack, and that crack might be
,

( 13 in a low stress field or in a high. I don' t think that just
|-

|
14 | the size of the cracks -- I guess they are independent.

15 MR. BENDER: The code limits the stress level.

:

16 i DR. ZUDANS: The size of the crack determines a range
l

i

17 of stress intensity and the crack rate depends on the range ofg

i

la changes of stress intensity during the cycle. The crack growth

1

19 | rates are verv small numbers. In other words , it is inches per
!

I
2C cycle.

.I

21 :| 1.5 may not mean much. But what surprises me is, you
,

'l
22 said even in the air environment the curves are not correct in'

,

23 the ASME ccde. Those were represented by the lower bcunds of
.

24 all the tests available at that time .
Ace E. . a; Reportert, inC. |

2 5 '', And what is the new evidence that says -- or is it

i

3 .n. .

|J',' ' e, ,

1

- - . . . - - - -. - - -
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f

i

1 the testing methods that have changed since? |
!-s
I

f

,

2i MR. ALBRECHT: The largest differences come in the i

!
'

3; environment. That is what we are observing. I
-3

l
4| DR. ZUDANS: You also said in air environment. ,

,

\
I

5' MR. ALBRECHT : Yes. There the effect is smaller. ;

6| The important thing is, it is a change in the test done in the
,

!

7; environment, 'the BWR |.

1
r

8 DR. ZUDANS: Does this have anything to do with the
,

i

9 methods of testing that are changing from s tatic to dynamic? |

10 MR. ALBRECHT: In the environment, yes. We know the

old time cycle to have an effect on the cyclic crack growth |II

t
>

.

12 1 rates. ,

,

13 MR. SERP AN : And the slower frequency of testing.
.

,

14 ) DR. SHEWMCN: Let me come back. This 1.5 to 2 that

I
15 ! you spoke of is the lack of conservatism in the air data?

16 ! MR. ALBRECHT: In the environment.
1

4,

1,/ ] DR. SHEWMON: You and I ought to compare, because it
a
;

18 j! is very easy to find published papers that talk about up to a
d
iI9 i factor of 10. I don' t know where you get your 1.5. The

n

20 i; Westinghouse work, for example, in certain ranges of delta K

21 has been a lot more than 1.5. And if you are right, I would

/

22 j be interested in seeing the discussion cf the published~/

,i

23 " literature that reinterprets tnat I have been looking at.
1

24 N MR. ALB RECHT: Yes, I will dig out this information.
Ace +._,,si

Reportees. inc. q

j ';I[25 ' DR. SHEWMCN: All right. ,

; a
,

'

!
i

a
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l'I

i
1' MR. SERP AN : The next area is, we are working to

em t
i

l('
2 establish a crack arrest toughness analysis and have that worked |

! I

3| into the overall pressure vessel integrity analysis scheme.
,

The last three 2.tems have to do with piping, and I4 ,

'

5! will discuss them in more detail. They include reevaluation of '

i

6 the cold leg break criteria, reevaluation of the criteria for~

!

t i

7: pipe breaks and pipe whip, and establishing a piping analysis ',
I

I '

I

8f method and proposal of updated licensing criteria.
!

I (Slide.)9

The scheme that we rried to follow in the piping
10 1

!

11 ' programs in our branch and also in Jim Richardson's branch to

12 , some extent, start this way, kind of simplistically; but I think'
~

t

(U
'

13 it follows through. We assume that in the reliability of the

|

14 | piping system we have to worry about stresses and loads,
1

15 , material properties and flows,
i

16 The stresses and Ic ads we are working on' -- and I

17 j will describe programs that we have in these areas in more
'l

I

18 detail following, but I want to try ro go through this scheme.

17 ' We are looking at seismic loads, primarily with the lead
,

20 , combination program that we are doing with Jim Richardson's
i

i

21 branch.

22 And we are also looking at the --s

,

23 DR. WECHSLER: What branch?
I

MR. SERP AN : Mechanical Engineering Branch,24 j
Ace-Fouvral Reponers, Inc. h

25 i Jim Richardson's coeration.
' ,U iOi

;, i

|!
'

,

|
!

.

*
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I DR. WECHSLER: Thank you. ,

|-s
i

2 MR. SE RPAN : We are looking at design stress and j

!
,

{3 loads versus the real ones . From this kind of information, we
,s ,

l

4 are trying to get out a better idea of where break locations I
I

!

5j can really occur. |
i

i

6| Moving to material properties, we have found that ,

i
i

7! we have little information available, especially the piping i

; i

8 materials, on the crack growth rates , their fracture toughness
i

9I and stress corrosion cracking information. We have separate

| t

10 ! work under way to get that information, although I must confess

Il that the amount of stress corrosion cracking information we have

va'ishing at this point. !12 ! under way is extremely small to almost n
|

k/ 13 We simply have not had the money or we have not had the, request
,

Id| to do it.
'~

,

I

15 i Frcm a flaw size, flaw work, we need to determine

16 ! what size of a flaw could become a critical flaw and what is
,

17: the distribution of flaws by different sizes and components, and
i

IS' what is the reliability of detection of those flaws. We are
.

19 working on that with a separate contract at Battell Northwes t.

20 The material properties on the flaw sizes feed into

21 the fracture analysis me thod. The stress of loads also comes
t

22 in and we try to get out the piping reliability, try to get a,

e

23 number fcr the piping reliability itself.
e
d,d
4 Again, as I say, this is all quite simplistic, how'

ac..r s senonm. ine. g

25 | we are looking at it. r f 3 ,- q

|
; O ! U /_'

'

,

4

!

i
.

+m-.,e- hea- --gwp e-, e> e
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!
t

1 From the break locations now, we try to determine i

|-s

2 what the consequences are of those breaks in terms of both |

|

3. pipe whip and, for example, double-ended cold leg break, from |
w I

4 the reliability consequences, break locations and all, and then !
i

I

5i we try to update and revise the design and operating criteria

6 for the piping systems.
|
.

7 We have this charge from the licensing staff, to !

8I completely review all of their piping, the rules, regulations
I

9! and their criteria. What we hope to do from that e tentually - '

l
i

10 ' and this amounts to a proposal for future work that we are

11 trying to get funded in 1981 -- we want to come up with an

I '

12 | interactive piping analysis system whereby the entire piping
-

I

(,1
,

system can be reviewed on an interactive display system. The13

i
'

14 man in licensing can simply take the deck from that particular
*

15 | plant and put it onto the computer and punch up any place that
I

16 I he wants on that sys tem.

l' !, If he thinks there is a hanger out of place, he can7
h
9

181 call up that system and he can say: What is the stresses and

19 , loads on that hanger? Is it in the right place, the wrong
n

20 place? What if we took it out? What if there was a break

21 there?
3
I'-

22 DR. SHEWMON: Is it where the drawing says it is?
,

23 MR. SERPAN: Exactly. That is exactly right. That

is

24 || kind of a code, as it turns out, would be marvelous for
Ac.4 .i neoorters, inc. j'

25 i determining the as-built versus the design, and to see if in
I

? I1 i
s ,p ioj3

l

. _ _ . _ _ _ __ __



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

i
1

mte 18 20 |

,

|I f act the as-built was as good as the design. That is the
!-

2
- proposal for the future. .

\
l

3! MR. BENDER: Don't take tha* out. There are a couple !
-s . ,

# of things I want to ask you about.
i
i

5 First, I am a little concerned about the idea that

6 a ccmputer code is going to become the panacea for curing our ;

7|
I

I
problems. I wouldn't want to be overwhelmed by the idea. I

.
1

8| think it is idealistic.
i

9! How does this program relate to what Larry Shao is
.I '

,

10 ! having done in his program on combined loads and the work that
,

11 f
i

is generally being sponsored out of Livermore?
,

i i

i

12 MR. SERPAN: We are working par'allel with Larry on

(,; this, and in fact this, up here in the corner,' this things. tha t13 *

'
14

-

.

says, seismic stress and loads, is jointly runded between his
I

15 |branch, between his office and my branch.
16 | The piping reliability, the methodology, coming up

i

17 with the piping reliability, is acrually being done, part of
,

18 that contract, and we are having part of it done at Battelle

19 | Columbus. So we are really working hand in glove with him on

20 | it. ,

21 ' MR. BENDER: When we listen to Larry's program, we

'2 have to think in terms of this.'

.s ,

23 MR. SEhyAN: Yes, sir.

24
The materials croperties, for exa.mnle, they are not

- -

Aa. ee ,.c n ,5, inc. ,
~

25 |
. . , .

e,

i . ,

k '
e

'
i
:
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i

I thinking about getting the material properties, because we are i

-> l
'

- 2 getting them. A lot of the fracture analysis method, the

I
3' basis for it, has already N'en done by Professor Paris at !

s ,

4 Washington University. They are using that. They are going |
t

1

5 into the seismic load, that area, much more heavily than we are,|
,

6, and we are taking input from them.

7 But these programs really are coming together, and i

!

i

8 we are going to come up with one piping reliability number,i

i

9 not one from his operation and one from mine. We are going to

10 come up with one.

'

I' MR. BENDER: I don ' t know what the term "one piping

, .

12 | reliability number" -- I guess it is.one piping reliability
,

13 | '!(, curve.
1.

Id MR. SERPAN: What I mean is, his office is not going

15 to come up with one set of data and we are not going to come
,

i

16 I up with another set.
!

I7 MR. BENDER: Do you have an input concerning the
|

\

13 ; reliability of hangers somewhere in that, that thing? Where

l9 is it in that progran?

20 ' MR. SERPAN: Yes. Well, I think it tends to come out
i
,

21 | more here, in the pipe whip area, and it doesn't shcw up too

2' i much there. But when I talk about that program, I think you-
_,

i

,,1

: will find -- you will see where it comes in. In that particular"

24 h|program, what we tried to do is get nhe loads on a piping
Ace 4 . at Repor*.ers. Inc. ,,

SC". system and then determine what is the consequences of that
', l, b a'

i
,

i

-. .- -- _-
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6

1 load, how is the pipe going to whip around. So if it is
l'N

- 2 con trained , then. one can tell what the effect is, if the |

:

3i constraint is in the right place, if it is enough, if there !

'~s i

I
4 are enough of them, or if one needs one and if one is not ;

!
5 1 there. j

r
'

6| MR. BENDER: The kinds of things that have been of
, i

i
l

7j concern to me are, first, the possibility of a constraint

8| locking up at the wrong time, which is not unlikely; or the :

9' possibility that a constraint has not held well in the anchor,
,

|

10 , whatever it is that is holding the constraint, and it brea.ks '

! ,

i
e

11 out and the pipe is unconstrainec for a longer span. '
i

|
r !

12 i Are those kinds of things being' considered in this?
|

(,| 13 MR. SERPAN: No. The only way that I can consider
,

,

14 , that is to have an analysis that will permit one to see what

|
15 ' the consequence is if that hanger pulled out. But I am not

.

!

16 , looking after the reliability of hangers locking up or of
.I
il

171 hangers pulling out of the wall. I haven' t been given that
a

il
18 J charge . That really is Larry Shao's cperation, I think.

l
19 .j DR. SHEWMON: The comment was the consequences, not

!

20 ; the probability here.

21 MR. SERPAN: Yes. I am talking about the consequences .
1

!
i

s,
22 i If it does pull out and there is no more ccnstraint on that pipe,

;

|

iJh then I am attempting to find our what the consequences will be
b
'

24 |l| of that. But I am not working on making sure that that con-
a .4 ..i Reporters, ir.c. qc

25 0 straint does not pull out or that it does not lock up. That
i
I

I

i !
| E,U 1,,.' I'

.
iau
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|

1 has not been my charge.
-

-
2 If it does lock up, then all I can say is, I can tell

!

i

3 you what the consequences will be. |

'N

4 MR. BENDER: That is a useful piece of information. ;

'

5 I didn' t interpret what you had said originally as being that
j
i

6: answer. That would be helpful.
I

7| DR. ZUDANS: I have a couple of questions.
i

t

8! DR. SHEWMON: Is it on piping reliability, on the
i
i

9| top line there?
I

10 DR. ZUDANS: Yes.

11 | You mentioned that you would look at design loads and
|

12 real loads. Can you clarify? How are you going to get to

13 real loads?(
14 MR. SERPAN: By looking at the actual records of howi

15 ! the piping systems operate and deduce the loads from that.
'i
!

16 ; DR. ZUDANS: In other words, you plan to put-seme

17 ' instrumentation in the systems that will tell you how the
1

la piping systems operate?
i,

I9 MR. SERPAN: I would rather have Pedro describe as
!
,

20 / close as we are going to get to the actual load.

21 DR. ZUCANS: All right. I believe that you have
:t
h

22 ! trouble getting actual loads.

23 Then, break locations. There was a fairly long

:t

24 h discussion. Is it ever considered to postulate break locations
Ace F at Reporters, Inc. ]

i

,5 ! and test runs?2

d
J .7

s. h /I, 'i. /
-

4 ''; ,u ,

i

|
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|
'

1 MR. SERPAN: Yes.

j-s

2 MR. ALBRECHT: The ASME, the reg guides, require '

I
I

3 that the breaks be postulated at points where there are s tress

4 concentrations. !

|

5 DR. "UDANS: Always at the end? !
!

I '

6 MR. ALBRECHT: No::les, elbows.

7 DR. ZUDANS: So it is likely you could have several

!'

8i thousands of feet stI.ight run and there is no break postulated?
I

9 MR. ALBRECHT: That is correct.

10 DR. ZUDANS: What comes to my mind is, you can't

11 | really tell where the material differences may show up, and it
i !

'

12 ) is not unlikely -- or at least very dif ficult to argue -- that j

(_ . - 13 the break will never occur in a straight line. That might open -

,

14 the whole question of treaks in a' completely different light,
!

i- 2
15 | and maybe it is worth thinking about.

'

16 '

|i

17 3
l

l
la '

,

n

19 ,

20 ;

21

ii

'2 l'
g-

!!

22

1
24 h

Acen. .ast Reporters, Inc.

25 j
- ,. ) ,m 'e'.

'l
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gsn i MR. SENDER: That's not a new question. It has been

m
2 around a long time. The problem has to do with the likelihood

3 of the event occurring there ahe kinds of constaint that

'' 4 you might put on it to avoid it.

5 If you have a creak in the straight run, forces might

6 sti.11 show up where the constraints are.

7 DR. ZUDANS: That is co rrect. I wouldn't ce concerned

3 about pipe strains or potential pipe ahia. I wo ul d be

9 concerned aoout what tnat break would see in terms of other

?O equipment in terms of jet impingement.

.11 Cr . CdEriMoll: This is an instantaneous double-endeo

12 pipe break, the type that the analysts like to have, but the

13 metallurgists never fin d.
.

14 DR. ZUDAN5: I am more co'ncerned about longitudinal

k' 15 breaks, washing out picing, tne cables and instruments.

16 MR. SERpAN: I gue ss the incidence of flews tnat

17 have oeen discovered in cipes thet could initiate that kind of

13 a creek are so few t r.a the procacilit y -- I don't "now if

!) 1; is a real orocabilit . I an 3fr31d to ;se that w;rd. ;J:

20 the l_::elinoca of na: :ind of 3 oreak n a cc er. i ng .s _a- enou;n

21 :na: we nave concludec :o no .vo r !: on it, or ao: put a Tres:

22 ceal of enonas is on c, let ac say.

23 de are l oo k ic.g at lo ng i: J'l ". , c re e ks . iie are

24 trying to de termine One 11 -: e l i h - - :- iv e are trein; to

25 recture me:nanic solutions : 'f
- o f longitudinal,.

N0fl DRIEE
9

C, 4
'a

___ . _ . _ _ _ _ _ _ _ __
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csn i breaks * s the critical length of them. But the primary
.

-'
2 concentration is on the circumferential-cype break and the

3 possibility of breaks at the welds, joints, elbows.

4 DR . S HEd.MG N : Let me come up with a diff er2nt'

,'

5 question on the break location.

6 You have the stre sses and loads going to break

7 locations going to consecuences. rom reading the reg guide,r

3 I don't remember o f fhand tha t stresses and loads nardly ever

9 come into it. It is more you will postulate breaks at

10 locations.

.11 MR. SER?AN: Yes.

12 DR. SHEWMON: Is it likely that anything will come

13 out of this, anything tnat would have to do with where
,

14 bre a ks --
-

.

kv 15 VR. SERPAN: Really would occur? Yes.

16 DR. SHE.tMON: And when?

17 MR. SERPA.4: That is part of the clan. That is wnat

13 we wish to deternine. It has oeen aroitrarily stated wnere

iv you will a ssu e creeks casec u on really kind of en eroitrarv

20 s ',re ss lo ad .

21 ne are trying to get at the alidity of :n:se uies

22 ov coing nat verv :ning, so :nat wnen, at the enc of :nis,

23 we nay say, yes, that is exactly right. That is exactly

24 wnere vou snould postulate those brea>.s cecause that is wnere

25 tne stre sses are. de T.av come around and be atle to sev, no.

300ROR8J1s.
. .

L. <, ,V
-
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gsn I cnat is wrong. Those stresses --

2 DR. SHEuMON: This is going to be done analyticallv?''

_.

3 MR. SERPAJ: Yes. Quite a oit of it is going to

4 be done analytically, but we will ultinately have to get into''

5 some test work.

6 DR. SHEWMON: What does piping reliability mean?

7 MR. SER?AJ: It means a nuncer on a piping conoonent,

S whatever it be, tnat gives you an idea of the likelinood

9 of it failing.

10 DR. SHEdMON: And this is related to what? S t r e ss

11 relative to yield? How does sonebody establish tne

12 procacility of its failing?

13 Vd. SERPAJ: I would like to have Pedro talk about
,

14 tnat. .

15 MR. ALBRECHT. We are going to come back to that in ,

,

16 a later slide that ne will have, in essence - nave e

17 fracture mechanics model of crack propagation.

IS YR. SERPAd: de will walk to tnat, how we v i ll ge:

19 to :nat numoer, if you 'vant a fea v i e 'vgr a p hs .

2) Cd. 5 ds,i tJ.J : Fine.

21 44. SEhDER: I na:e to crolong the conversation, cu:

22 I can't stand no: to ask :nts question: Is ne e cc roe :- vcu

23 are taking coing to allow for :ne fact that the stresses

21 cnange, as :he cra:t orotagates, tnet tne st r e.ss e s :nenre es

25 a creak c: ens 3nd the cres33res 3ra reli9V9c. t rist tne stresses
,

t liljf'1
*qilllfir|}|{

9/ s

ietnig.
.

G
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*
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gsn I chan e as a function of the kind of seismic loadings that

's 2 are applied?
-

3 MR. SERPAJ: Yes.

-> 4 MR. BENDER: All of those things are going to oe

5 put into your reliacility curve?

6 MR. SERPAJ: Yes.

7 .AR. ETHERINGTotl$ In your top left-hand box. stress

S and loads - is your concern that we are overdesigning or

9 unde rdes igning ?

10 MR. SERPAN: I think that there is a concern that

11 we are overdesigning and putting in too many hangers and

12 sucports which, in fact, then, make it, for some reason or

13 other, unsafe.
.

14 (S lide . )

) 15 What I am going to try to do now -- this is quickly

16 a review of tne contrac tors that we have working in the area.

17 I hope it is not c ont rove rs ial . The cold leg integrity work

Id is ceing done oy Ba ttelle Colunous, under re-evaluation cf

19 :ne criteria for pice creaks and pice w n ic .

2J ac r k is underiay at 3ancia en twc-: nase is: loacs,

21 a: Serkeley cn cynamic analys is of 'ipe snip, and a vary ne"

22 crogran on :ne rel acility of cicin; systems at bAI.

23 Sucport crogra s that I mentioned are the ateria.

24 crc erties of tne cicing steels et 3731 desearch Lac. and

_s -
and 2evelocment Center in25 tna; is the Naval Shic desear n

's
4 '

hFw: <,
-i v
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gsn 1 Annapolis and tnen non-destructive examination work is at

'N 2 PNL.
_.

3 I w i l l t a '< e -- I h oo e to get through them. Tne cold

-m 4 leg integrity wo rk, the curpose of it is to determine if the

5 safety margin against the large creak in the PMR cold leg

6 during its 40-year life is large enough to make the postulation

7 of a creak overly conservative.

8 The wa y that we are going tnrough this oiece of

9 work is to get plant and load descriptions. Ano we nave

10 typical plans from 3&d, Westingnouse, and CE, Arkansas, St.

11 Luci, Farley, review the stress analysis results of :ne

12 primary piping system, deternine the fracture mechanics model

13 for crack growtn rate, dete rmine material orcoerties f or the
,

14 actual picing materials in these plants which we nave the

(' 15 actual materials, and then get data on crack characteristics,

16 includinc the size, shape, l oc a t io n , the largest missed flew,

17 analysis of cyclic crack growth and final instecilit/, and

15 from that information, re-e v al u a t io n and n eed to actua lty

19 costulate :ne large creek in tne cold _eg.

2J 3R. SMEamG: Are you goin; :o 23: ther cut taeir

21 teetn c- tne f eecaster no: le crac<in; cn the seconda rv sioe,

22 see if tney kno'v 'vnst tney are coing?

23 .AR . SE Cd A.l: Tnat would ce a good tning to vork
'

24 into it.

25 JR. SHE/iAlh: It vould oe interestin; :o s ee !! :hev
-

, ,

5 1 . tij

E00Rgygg,q
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gsn 1 predicted it sould last for 50 years.

''
2 VR. SERPAsi: Yes. I would like to po int out that

_

3 this particular ciece of work is being done pretty much from

'' 4 tne literature, or what they can come up with in a pla ,: witn

5 loaded descriptions f rom the plants tnemselves.

6 The material oroperties de are trying to get out,

7 but we will have ve ry li.ttle availacle to Ba ttelle Columbus.
3 this year.

9 anat they are trying to do is go cack and come up

10 with a more solid literature theoretical oasis f or tne

11 pos tulatec cold leg break which was laid out rather eroitrarilv

12 a long tim ago.

13 DR. ZUDAilS : It is with some dis tant future cojective
.

14 to e ventually agree and not pos tulat e a creak in the cold lea?

ks) 15 MR. SERPA.1: If the data snowed that that cold leg .
,

15 oreak need not be postulated, t n e n y e's .

17 JR. SHEdM:hl: It will ce a very cold day around that

id leg, I think. -

ix A. 3E HP A.i: In any avent, ne need :: have cne

2D o ec % g ro un . da ta so tnat we can uncers:9na ace clos? &. 3 : the

21 margin is, sno :ne: is tha puroose o; :nat cr: gram.

22 a. dioJER: .in e t is tne reason for concentra:in on

23 tne cold leo. as opoosed to sometning else?

24 9 SE .;P A.i: Dr. . Ton; said tna; you will co cen:rs:e

25 cn the cold ae; cec ause One: is a more serious creek fa- e
_

-

.

1.i c.
%
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gsn i large break rather than the hot leg.

'' 2 MR. BENDER: That is trouolesome oecause I tnink

3 most of us intuitively believe that the largest creak is not

'N 4 anywhere near to being the creak that we have to oe concerned

5 abo t. And fairly small breaks obviously have becoma au

6 very impo rta n t issue in --

7 MR. SE RP A.4 : They certainly nave.

8 ta. BENDER: .Cor some reason, I find the rationale

9 for selecting the cold creak as ceing the thing on whicn to

10 focus. It does.Vt lend itself to our immediate concerns.

11 MR. SERPAN: No. But this program was started a

12 couple of years ago.

13 |4R . BENDER: I understand that. And that is tne
.

14 reason for not going in tha t direction. But, ne v e r t he l a s s ,

',

15 I think someone has to be given --

16 MR. SERPAN: It was chosen because at least -- I

17 am not a thernchydrologist. I don't know. I go to my coss

la and he tells me wnat the serious proolem is,

l? And ne told me that tne colt leg orsak was av far

2J and away 3 -ore serious one oecause of tne counter-: rrent

21 : nan tne counter-flow tnat one h as to worrv accu ir the

22 Core.

23 !.(R . EEHDER: Given :ne size creak and sceciric

24 location, no one argues tnet coint.

25 I tnink tne coint I am trying to -ake is tna: we are

,-
,

's ; t .
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gsn I concentrating on trying to find out wnether we can eliminate

'N 2 the largest break in the worst place.
-

3 Mayce that is a good way to go et it. Mayce we

'N 4 ought to ce thinking aoout what size breaks we ought to oe

5 postulating in the ?rimary system.

6 And for sone reason or other, that doesn't c o.r.e o u

7 o f tnis acproach. But perhaps it could.

3 (Slide.)

9 MR. SERPAN: The first contract tnat we have

10 underway that is leading to tne piping reliacility work is tne

11 program at Sandie on two-pnase jet loads.

12 Ine purpose he re is to estaolish an accurate,

13 s imply a poiled, predictive methodology f or load de terrination
.

14 of jets eminating from cracks or creaks in nuclear piping
-

.

/ 15 systems.

16 The cojectives of the acrk here is to evaluate the

17 availacle two-pnase flow analysis computer codes that are

IS already existing, such as 3EACO.1/.%03 2. TRAC, and so forth,

17 select one of :nen, or ore, if need ca, tha: are ces: suite:

23 for cnaracterizing the two .cnese jets sne; eminate f an

21 creeks or cracks in :ne y,ical J . . ., syste 3. ,0 c i f v : nase

22 codes es necesserv, ano coo rdinat e witn :ne Jer-ens 2nd ne

23 Jacanese on their ongoing two-onase ist exoerimental prc;ran.

24 I snould cint out :nat we are doin: the analv:ical

25 work here. ne are ge tt in; e xoerime nt al data f r c - t r. 3 3er ens
-

,. -- ,
L- | -,
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;sn I and Jaoanese. And we are coordinating with them to ce sure

'' 2 that we get tne data that we nee d to validate the coje work.
.

3 JR. SHEdMON: Is the Japanese program procuc ino

'N 4 results now?

5 MR. SERPAA: Yes. It is a fairly small pipe. It is

6 less tnan four inches in diameter, out they have had a

7 olowdown. And we have the results and we are working to try

S to analyze those results.

.ie got a cackage of in f o rm a t io n , but it turned out9 '

10 that we needed a little oit more than what they had given us,

li so e have gone cack to tnem asking for it. And we v i llw

12 a ttempt to evaluate tnat data with what we know.

la inat is tne next point -- to us e t he existing
,

14 experimental data from ooth the Jermans and tne Japanese to

15 validate the code, and then from that to develop a simolified
,

16 mathenstical model to ce used in the licensing orocess f o'r

17 the evaluation of jet loads.

is one of the thinas we want to i prove on in tnis

is area is to imorove tne icoov mocel, wnicn is no>, I uess, f:-

20 the casis for it.

2i Are :nere any ouestions or net?

11 (.io response.)

23 (311ce.)

la Cace we nave estaolisned the lo a ds , we move to the

_.
25 cynami: anal ys is o f oipe wnio. And nere tne ourcose is to

,
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gsn I develop a special purpose computer program for the dvnamic

2 response analysis of the nuclear piping system suojected to''

3 the jet loads ano to impact witn adjacent structures.

'N 4 The idea is to modify the existing codes, such as

5 ANSR to allow pipe whip analys is capaole of descricing the

6 e ff ects of those things listed -- gaos, geometrical and

7 material nonlinearities, large disolacements, elastic plastic

8 response of restraints, impact with adjacent s truc tures , and

9 local deformation and rebound.

10 Mhat we need is a large displacement of elastic

11 plastic codes, the structural analysis code. Quite e bit of

12 it is already developed using AASR as the bas is. But now

13 we have got to put it together so that it makes sense and

14 will run this operation for us.

ks 15 MR. 3 ENDER: I am not clear on what you are trying

15 to -- what the code will do for vou.

!7 MR. SEOPAA: It will take a load fren either -- fro-

13 a jet or fror a creak and it will tell us wnat tne deflection.

I? tne ceformation is in tnet oice. now mucn ne re ac t ic- force

2s will cause it to unic, hon it will s esn into anctner oipe.

21 a. R . EESDER: dhet is wrong witn wnat we are acing

22 now?

23 :4R . 3E R?A.4: A parently, thers !sn't a good enouan

24 code system to do tnat.

25 4R. BENDER: I will agree. but I ar not overly

I ! fl kIb
-
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gsh I optimistic that you will get all of tne information that is

'S 2 n eed e d to make this code any oetter.

3 So you are talking about a fairly refined kind of

's 4 analytical approach involving a lot of materials information,

5 c omoine d in some unpredictacle ways.

6 It looks to me like the code will require /ou to

'

7 constrain the way in which the loadings are aoplied and

B accepted.

9 I guess I am skeptical ~ that a code of this sort

10 would ever be useful oecause you wouldn't find very many

Il places where you could fit all of the parameters in it.

12 Dr. Zudans might be ce tter able to comment than I

13 am.
.

14 DR. ZUDAN5: I would like to only add that each A3

(j 15 today has its own code that identifies whip analys is. And los

16 conclus ions are that you don't need a complicated code bec:use

17 tne energy aosorption capability of the pipe itself is

IS negligiole comoared to any of tne aosoroing anchors.

19 The on e-d ime ns io n a l analysis crecicts boun s the

23 loaos :na: vou aculd introduce ano it succor s verv nicel .

21 You coulo 0c todav exactly wha: you cescriced or

22 his list witn a sognisticated element coce. A cc de exists

23 that can do tnese tnings, out you wouldn't ce aole to

24 exercise it. It takes too mucn time and too much mo ev.
-

25 It is very likely tnet you would r.ct ce eole to get
_.
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gsn I all of the input needed for it.

''
2 So what is tne purcose of analyzing a simplistic

_

3 pipe whip witn a jet load at the end which impacts an enchor

/~$ 4 with the capability of acsorbing energy to account for 10

5 percent additional energy absorption in the pipe, or mayce

6 not even that much?

7 MR. ALERECHT: To some degree, it is a cuestion of
.

3 mode ll ing . ne can model about any structure using finite

9 elements and elastic clastic material resconse laws.
1 0 Vie are now planning to come up with a code for a

11 piping systen where we model everything in the pipin; system

12 with finite elements.

13 You want to de velop a matrices to relate displacement
.

14 and loads elastically and inelastically for elecents. for
..

'
15 linear elements based on data tnat we can find in the

,

li literature and where that is lacking, or in succlement to that

17 based on detailed analys is of individual components.

la But as we use tne code, we will have the a= rices

19 wnich cescribe One relationsnics for One linear eleTents.

20 dow wnere t he r e is 3 n ee d, licensing nas oeen

21 recuesting it verv much :ne; we can a sse ss :ne effe : Of

22 a pipe i?.c a c t i ng ed jacent strJc:Jre.

23 do we will have the acility with tnat to mocel tne

24 pioing syste- witn linear elements , ex:ect fer tha: egion cf

.

25 the cipe tna: will actually imoact a well, for example. And

. .

IUL
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gsn I then we can break down that sm a ll region into finite elements

'' 2 where we put the finite elements around the circumf erence
.

3 and along the length of an eloow.

'N 4 Sut the remainder of tne plant would be modelled

5 with linear elements. And there exists relationships where we

6 can connect the node displacement at the end of a two-node

7 to the displacements around tne circunf erence of the

S connecting portions.

9 JR . ZUDAii3 : All you say is correct. And yet. I

10 f eel that, if I read this description, it is nothing more than

11 to generate another sophisticated code such as ANSR, or

12 many others that could do the joo, if you are willin; to maks

13 up the input. dnose code is this? Ine ANSR.
,

14 -

.
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14
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22

23

24

25
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gsh 1 MR. ALBRECHT: That was developed at the University

2 of California at Berkeley,
m

. 3 DR. SHEWMON: Is this one contract being done at

4 Berkeley?
rm

5 MR. SERPAN2 Yes.

6 DR. SHEWMON: Tell me how this gets coupled back to

7 NRR and great decisions. Jim Knight has written you a

8 request saying he really needs all this?

9 MR. SERPAR: That's right. This has grown out of

10 a use r's r eq ue st that we got several years ago from Jim

.11 Knight, where he wanted all of the piping criteria re-evaluated

12 all of the break locations, are they in the right place?

13 What is the eff ect of pipe whip? They have

14 pplications in there where pipes impact.upon one another and

15 they have their rules which say that a, small pipe cannot take
L

16 out a large pipe, but a large pipe can take out a small

17 pipe.

13 That is not g. cod enough and they want those rules

19 validated, updated, changes, or whatever. So they wrote us

23 this request and asked us to re-evaluate all of that criteria.

21 This is .tne t ool that we are developing in order to

22 be able to do that.

23 Tae output, then, part of the output from the work

24 that we are doing will be to have tne code capability to be

25 able to evalucte all of these rules that they have, and we

-

E
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gsh I will be able to determine if, in fact, one pipe can take out

]-
2 another one and under what conditions, so that we can at

3 least bound that for them, so that when thev loo k at an

'N 4 application, they can understand whether it is real or whether

5 they are getting something that is not accurate. Or if they

6 don't want to take that risk.

7 Right now they can't do that and this will be a

3 tool that will permit them to do that. And they claim that

9 they are in trouble to be able to evaluate that.

10 MR . BENDER: I think they are in trouble in order to

to e aluate whether a pipe will be taken out or31 be able v

12 not. They are in more trouble if they try to use a code 1.1ke

13 this to get the answer.
. ,

la And I think you really need to think about that. I

k '' 15 think you will generate an unbelievable amount of computational

16 capability that you can use.
~

17 DR. SHEWMON: Why don't we hold tha t until Jim comes.

IS Is he going to show up today?

19 MR. ALBRECHT: Yes.

20 VOICE: He is planning to later in the morning.

21 DR. SHEWMON: Someone is on the program up there.

22 Is that you or him?

23 VOICE: Someone from the mechanical engin eering

24 branch.

25 MR. SERPAN: The rest of wnat we have here I think
_
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gsh I we pre tty much talked about. We talked about implementing it.

2 validating it with experimental data from the Germans and

3 then developing the models to be used in the licensing

''' 4 process.

5 We have e ssentially gone through thct.

6 MR. ZUDANS: May I make one more remarks?

7 Sometime ago, when General Electric made extensive

8 presentations, they generated their pipe whip calculations,

9 which are simplistic but based on many, many tests. Those

10 were actually blowdown tests with pipes of different lengths,

11 elbows impacting different configurations, and so forth.

12 Isn't that package of information that is available

13 already from GE tests pretty descriptive and mayce more than
,

14 you need to make a decision on pipe whip design, because if

k_' 15 you want. to do wha.t you describe on those matrices in

16 combining them, I grant you that you can do it with the linear

17 portion very good, package them and k eep them somewhere

13 stored.

19 As soon as you couple them to non-linear portions,

20 they will change, not only because of physical dimens ion

21 cifferences in the svstems, but also because of the load

22 process. The material will have memory and you cannot store

23 in your computer such information unless you really model it

24 by finite elements locally. Every history will require a

25 different set of matrices. I don't understand how you will do.

.
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gsh 1 it.

'' 2 I understand that. you can take an existing program

3 now and analyse what you describe here in an expensive

'N 4 p roc e ss , but I don't see what really you are trying to develop

5 because how can you say, for e xample , impact on adjacent

6 structures? How can you determine the impact on adjacent

7 structures unlass you model the adjace'nt structures?

8 There is no single set for you to pre-model. Every

9 structure would be different. Short of a complete, non-linear,

10 inelastic computer program which uses finite elements , you

11 cannot do what you describe here.

12 If that is the case, you already have programs like

13 that. MARK is a program like that, ANSR, and many others.
,

14 DR. SHEWMON: Why don't we postpone it until someone

k' 15 from DSS is here to talk about their end of it?

16 DR. ZUDANS: Fine.

17 (Slide.)

13 MR. SERPAN: This is the work that we have underway

19 in c oope ration with Jim Richardson's branch en reliability

20 of p iping systems. The purpose is to determine the

21 reliability of typical piping systems, both inside and outside

22 the containment and program a sound technical basis for

23 defining the criteria f or postulating breaks.

24 From this work, we hope to revise reg guide 1.46 as

25 nec e ssary. The objectives, and this is kind of a flow chart_,

,

I
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gsh 1 through here, to begin with, the deterministic f racture

2 mechanics .model of crack growth and lntability. And add

3 the stochastic inputs for the initial flaw size, crack

4 detection probability, loading and material properties, and''

5 the n com, mute the probability of a piping system failing by

6 the leak, break before leak, or break following a leak. And

7 then de termine the e ffect of in-service inspection and leak

8 detectors on the pipe f ailure probabilities.

9 DR. SHEWMON: What type of cracks do you assume here?

10 MR. SERPAN: What kind of cracks?

.11 DR. SHERMON: Circumferential? 360 degrees, or

12 nice penny-shape cracks?

13 MR. SERPAN: Pedro, do you know what they are going

14 to use?

(_- 15 MR. ALBRECHT2 I guess you are asking about the
,

16 inf ormation on the distribution of cracks and 'the crack sizes.
17 There is some information available in the literature on the

18 d is t ribution , the direction of the thickne ss of the wall.

19 There is very limited information available on the --

20 what I meant before was the dimension compared to the thickness

21 of the wall. There is very little information available about

22 the dimension L, the length of the crack along the surface of

23 the pipe.

24 The only study of such .inf ormation is one done by

25 Wilson at General Electric.
_
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gsh ! DR. SHEWMON: You haven't heard from Duane Arnold?

2 MR. ALBRECHT Yes.''

3 DR. SHEWMON: Isn't that data 0.2?
'' 4 MR. ALBRECHT2 In the Duane Arnold case, the crack

5 stress corrosion cracking was around the circumference.

6 Eventually, it appears that the mode of growth, changing from

7 stress corrosion cracking to corrosion f atigue. Now there

S is no information on -- we have models for calculating the

9 growth of cracks on the f atigue and corroslon f atigue . We

10 don't have any good models to calculate the growth of cracks

11 in the mode stress corrosion cracking.

12 DR. SHEWMON: There is an interesting af ter-dinner

;3 joke about the guy looking for his wallet under the streetlight
,

14 They ask, did you think you lost it here, and he'said, no, but

(_. 15 it is the only place where there is enough light to look.

16 Claughter.)

17 I don't know if you are telling me that we are

18 doing calculations where there is enough light to look or

19 whether I am misunderstanding.

20 What my particular hang-uo is that the leaks,

21 which seem to be found in reactoc plants these days, seem to

22 'oe circumf erential and seem to be environmentally ass.isted.

23 What I see here is what mechanical engineers who have

24 worked on fracture mechanics love tc do. And I am no t sure --

,

25 on what they can do well. And it is whether the two are

.
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gsh I related to each other is what is of concern to me.

2 MR. SERPAN: We are aware of the problem of the'N

_-

3 stress corrosion and cracking. And we do not have any

,N 4 significant work underway to work on it.'

5 We have been trying to get work underway, de have

6 been requestlng funding for it and have not been succ ess ful.

7 DR. SHEWMON: The re is partly the impact if

8 circumf erential cracks are the ones that are likely to get you

9 in trouble. Are you using the tools that you are using the

10 way you should be, or the way that it is likely to show up

11 in the reactors?

12 MR. ALBRECHT: We are analyzing circumferential

13 cracks, in what direction they grow, whether it is longitudinal

14 or circumferential. That depends on the stress field.
.

-

(_- 15 So that is being considered.

16 I.think the only point that -- maybe I have mislead

17 on the question you asked. I think you are leading to the

13 question as to how can we predlet as to what kind of a

19 stress corrosion crack might exist in the structure?

20 I think that there is no way of predicting that.

21 MR. SERPAN: At least we don't know how to predict

22 how fast tha t stress corrosion crack will grow and exactly

23 the conditions that will grow it. But the work that we are

24 doing will find out for us the critical size of that crack

25 and under what conditions, then, it will either leak, break,
_

, /

.

-e-*- e* -- -ww. , , ,. - - - - en e wc



. _ . . -. .-. --

693.04.8 45

gsh 1 or it will come apart, or it will stay there.

'' 2 So at least we have that part of it.

3 MR. BENDER: Is there some -- we have had techniques

'' 4 for a long time for predicttng critical size of a crack. We

5 may not have had the data that goes with it to determine

6 what the properties were that were to be used.

7 What is different aoout .this than the techniques

8 that have been used before?

9 MR. SERPAN: For one thing, we are looking at these

10 materials in the elastic plastic regime, not brittle. If it

Ji were a linear elastic regime, I would agree with you that

12 we could, indeed, predlet those critical flaw sizes. But not

13 so much in the elastic plastic regimes.
.

14 MR. BENDER: It is the plasticity aspect that.makes

(_ 15 .the difference.
'

'

16 MR. SERPAN2 Yes, sir. We are assuming that we -

17 have to wo rry about the f ailure of these pipes when they are

15 hot, when they are at thelr ductile shelf temperatures.

19 MR . ETHERI NGTON: Is there a problem in defining the

20 length of a crack that goes all the way around?

21 MR. SERPAN: You mean a critical flaw that would

22 go all the way around? Yes, we are working on that.

23 MR. ETHERINGT3N: Once it has gone all the way

24 all around.

25 MR. SERPAN: Once it has gone all the way around. Wait

>Ck;U'
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gsh I a minute now. I am not sure if I understand.

2 MR. ETHERINGTON: The fracture mechanics. Have you^

3 applied that for a crack that goes all the way around?

4 MR. SERPAN: You are worried mostly about th e depth.''

5 The Duane Arnold crack can be analyzed. And Pro fe ssor Paris

6 of Washington --

7 MR. ETHERINGTON: Was that all'the way around?

3 MR. SERPAN: No. It was through 90 degrees and then

it was part t rough the other 270 degrees.9 h

10 MR. ETHERINGTON: It was all the way around --

.11 MR. SERPAN: Part way. It was all the way around.

12 That is co rrect.

13 DR. SHEWMON: Part of the way through it was all
.

14 the way around.

k_ 15 MR. SERPAN2 Yes. About 90 degress. It was all the

16 way. It was completely through. But that crack, that flaw

17 has been analyzed.

13 We can't understand it. We can't predict something

19 from it.

20 DR. ZUDANS: On this reliacility assessment program,

21 how do you plan to determine what is your ultimate oojective.

22 Sy considering a variety of pipe diameters, variety of

23 pipe configurations ?

24 MR. SERPAN: Yes.

25 DR. ZUDANS: You will have to limit your scope very
,

\ 'eo
C
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gsh I dramatically because there are hundreds and hundreds of

2 different sizes.''

3 MR. SERPAN: We will try to bound it.

4 DR. ZUDANS: Bound the whole field?(~'
5 MR. SERPAN: Yes. We appreciate that it is a tough

6 job, but we are doing the very best that we can on it. And

7 .think we have a very capable' contractor working on it. Dave

8 Harris at SAI has been on it quite a bit.

9 DR. ZUDANS: I have no doubt about the credentials

10 o f the inves tigators. I guess I would like to return back to

J1 the previous conment.

12 If you look at the actual experience in power

13 plants and all the cracks that have occurred so far, what. would
,

14 be the f raction of -- other than stress corrosion cracking,

(_- 15 other than due to the environment? Are there any cracks

16 developed due to mechanical loads that these systems, these

17 piping systems have seen?

IS MR. SERPAN: I_think there is a question about the

19 cracks. I think the KRB last year in Germany could ve.y well

20 have been a design problem.

21 DR. ZUDANS: D.C. Cooke, the large pipes.

22 DR. SHEWMON: Everything I have read says

23 environmentally assisted propogation.

24 DR. ZUDANS: I wanted to comment on this. There is

25 nc load, rea lly, that you can postulat'e. There was one

,
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gsh 1 possibility that maybe the snu bber f roze , the vertical snubber.

. ' ' 2 And.then by thermal expansion, induced a load. But there is

3 no such observation.

'' 4 It seems like it is really not a mechanically-induced

5 fracture. If all the fracs that have occurred in power plants

6 are not of a mechanical origin, then your study is directed

7 to something essential'ly academic.

8 The other aspect of crack propagatlon growth is

9 very much more important.

10 MR. SERPAN: I think what we are looking at is given

.11 that a flaw is there, what is the severity of that flaw and

12 what would be its critical sl:e? And do we have to worry about

13 it failing the component.
,.

14 And what we are hearing today f rom the ACRS is

ks 13 that you want us to work very hard on finding out how that

16 crack gets there In the first place anc what are the

17 environmental conditions for that crack to grow?

19 DR. SHEWMON: If what you are study.ing never happens

19 in plants --

20 MR. SERPAN: No, we're not. We are not studying

21 arbitrary cracks. iie are studying the ; racks that occur in

22 things like the Cuane Arnold crack. We are aware that it is

23 there.

24 That certainly is one of the kinds of cracks that we

.

25 are worrying aoout to try to determine what is the severity of

-
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gsh 1 it.

'_'' 2 Now maybe it doesn't show up there. Maybe it

3 doesn't say that on the third line that this is aimed directly

[' 4 at Duane Arnold, but it certainly is.

5 We are trying to get together the methodology so we

6 can understand those cracks and predict them and figure out

7 what they are doing.

8 MR. ALBRECHT2 Maybe I should say a few more things

9 that would clarify that.

10 The impression seems to arise that there is a study

J1 of fictitious things, which is not the case at all. I think

12 there is also a misunderstanding about the mechanical versus

13 the environmental conditions.
.

14 I think D.C. Coo ke is very much a mechanical stress

15 that caused the crack to initiate. There is a transition from-

16 an elbow which is a Schedule 80 elbow into a Schedule 60

17 nozzle.

13 There is a very large difference in thickne ss. It

19 was ground out on the side of the elbow. And the crack does

20 start at the point of discontinuity, where they have ground

21 out the portion of the elbow to make a proper transition.

22 I shouldn't say "prope r." I should say make the

23 transition. That part of the discontinuity has an ankle tha t

24 varies from 15 to 30 degrees. There are grinding marks. There

25 is a stress effect and the crack did start from there. That

.

\'f
C J
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gs h I is the carbon steel side on the elbow. It is not In the

2 transition piece in the nozzle and there is no indication that''

3 I have seen so far that -- to show that it is a strass

(' 4 corrosion cracking carbon steel.^

5 So it is a mechanically inducecL failure, if you so

6 like.

7 DR. SHEWMON: Do you distinguish between

8 stre ss-assisted crack growth or environmental-assisted crack

9 growth and stress-assisted cracking?

IC MR. ALBRECHT: You have to distinguish between

J1 stre ss corrosion cracking --

12 DR. SHEWMON: You say it could be corrosion f atigue,

13 but it wasn't stress corrosion cracking or it wasn't either.

14
~

k_/ 15

/c 16
GT */

17

13

19

20

21

22

23

24

25
-

%
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1 DR. SHEWMON: Was it corrosion-assisted fatigue?
m

2| Have you seen any evidence it was that? |
i ,

#

3' MR. ALBRECHT: No metallurgical evidence, but it
-m i

i

!

4 appears to be corrosion fatigue. |
|

5 DR. SHEWMON: Thank you. |
!

6, MR. BENDER: Let me make one comment about this
i

!

7 business. It seems to me the usefulness stems from the fact f

8 that the regulations are based on these kind of phenomena.

9 So it is necessary to work on them.

10 The question is whet 'r the regulations are founded

11 on the right kind of metallurgical phenomenon. I think that I

i

|12 ' is a matter that doesn't come out of this' discussion so f ar, ;

.

t

( 13 except to the point that Dr. Shewmon has. brought it up. i

|
*

14 DR. ZUDANS: I think what you do will determine the
!

-

I t

15 , reliability of the piping systems once the crack is there. But '
l

16 { in this program, you don't care how it got there to begin with.
t
I

17 ' MR. SERP ANS : That is correct.
t,

18 i DR. ZUDANS: From that point of view, you need to
i

19 n know what happens if you happen to have that crack, for
J

!

20 ! whatever reascns ic is there.
:

1
21 h MR. ALBRECHT: You are referring to the crack data.

1
- n

~

72 ; There are two parts of that. The outline -- there, under the
.i

21 J'I <tochastic inputs for the initial flaw size and the crack
i
,

24 detection probability, you need to know these two things. Theg
Acto _ral R eportef t, ifN:. +

24"information on distribution on what is the probability of

i (>l' .
'

t
-

, L''

a ,

l' '
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1 detecting a crack, given that it exists, information of that I
|s
1

- 2 type is being developed by the program that we have at PNL, |
1

3 and Chuck will speak about later on. ;
-,

! - s
A i

4 Now, information on what is the initial flaw size i

i

5 distribution within a component after fabrication, such infor- f
!

- |

6| ma tion -- there is very little available on that. ;
I
!

7 Other aspects which I think are extremely important |
|

8 in this program is -- take, for example, the Duane Arnold crack,;
i

'

9' in which the calculations show, based on the information of the

i

10 material property information that we have, that that crack j
'

!
II was stable under the that it existed. !

! ,

I
I . '

12 ! We can think of the problem, working, if you so like,
!

(_ 13 from the final crack on backwards. Mathematically, we can
'

;

|

14 reverse the model, so we can look at the largest cracks, that ,

i

15 | it's so stable. Then, using the models of corrosion f atigue
!

16 crack growth, we can integrate backward and see from the crack,

17 ! how long does it take, how many years of cperation or weeks or
i

18 whatever it takes to bring that crack back to the point where

19 it just breaks with the wall where the leak begins. And then

20 we can continue to calculate back, how many years of cperation

21 would it take to make the crack smaller and smaller.
|

22 1 So we get, in this manner, an estimate of the life

23 1 from any initial crack size to a leak, and also to tha t crack
i

24 ! size for which final instability will occur. And it allows us
Ace-L.ral Reporters, Inc.

I

25 ' to impose the ef fects of in-service inspection and also of
i
;

| _ < t.
I a

, ,v
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1 leak detection in the system. We can make statements at the ,

|m

2 end about relative probabilities of getting a leak versus a
|

| |

3 '|
break, relative ef fect of in-service inspections on probabilities

;-
.

< ..

4 cf failure.

I5: MR. BENDER: But it is based an an anticipated set
i
'At the moment,3 of phenomena that cause crack prdpagation.5

||
7; fatigue, I would think, is the premise. But corrosion-assisted

I
'

8 fatigue is not yet in this set of data, ad ! understand it.
I I

l !

I
9 MR. ALBRECHT: The material properties that we are |

I

10 ! measuring are for crack growth in a PWR environment.
I

I

11 | MR. BENDER: Corrosion fatigue, if you wish, yes. |';
i i

justf12 And in a PWR environment. But which enviionment? I mean,

i

(: 13 the f act that it is water and it has a cortain pH to it doesn't|
|
!

14 necessarily mean that it is an environment which canses
,

I
.

15 , corrosion fatigue.
I

i .

16 | MR. SERP AN: It gets back to the first cuestion that

17 we haggled with, and that is, do we have the most severe

!!

18 ] environment going. And I dcn't know the answer to that. We

it get back to the pH. I think ro, but I don't knew.
d

20 h I don't want you to think that this is the first time

21 that -- that this is a novel discussion for us. We have talked
n

^

22 q about stress corros.i cn cracking, the influence of it, in the
1
h

23 j branch many times. We have struggled with it, trying to figure
n

24 out what to do.
Ace-Leni Reporters. Inc. !!

a

25 ] Where we get hung up is that the code has rules for
n

/ \ ' ? ''-. f/I is | i; t /

!
"

.
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!

|
1| design which will prevent stress corrosion cracking kinds of

| i
''

2i things. There is a reg guide out which talks about prevention I
I i

!

3| of sensitization in stainless steel. There are rules for how
<n ,

( ! i

4i you fit up the plants so that you don't induce all kinds of |
i
1

5 extra stresses. I
|i

|
!

6| If the rules that were in place were followed, most

I g 4

7| of these cracks, if not all of them, for that matter, probably !

l |

8; wouldn' t occur. So I find myself in a quandary knowing what it |
| |

'9; is that we should try to do, when we know a lot of the things
I

l
10 ' that are out there that are calling these cracks, and if they ,

11 weren't done in the f abrication of a plant or the fabrication I

12 ' of materials, the crack" wouldn' t be there. !

I

(,) 15 So we can study and say, this i4 the range of '

!
-

''

14 variables of oxygen, of pH, of carbon content, of chromd or

15 i whatever, and the heat treatment. But if it is not done, then
i
I

16 ! what good does it do you? It is still going to h'appen in the

d

17 . plant. That is the frustration that we feel.

18 ' DR. SHEUMCN: We haven' t even cot a reculation that
!

19 speaks to oxygen content in water yet.,

i!
i

20 , MR. SERPAN: It is well known.

21 ; DR. SHEWMON: It's well known, but tne NRC doesn't

_
22 | know it yet in the form of its regulations.

|

23 | MR. SERP AN : Tha t may be.
il

l

24 DR. SHEWMON: I am not sure the prchlem is just the
Aceheral Reporters. Inc. .

!

25 people who make the plants .
3
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,
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|
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!

1 MR. SERP AN: My frustration is that I know the oxygen ,

'
s

2| concentration and the reg staff knows the oxygen concentration --
i

3 DR. SHEWMON: No, they don't. They can' t write a reg. |
.

7
!

i

4| It wasn't even in the first reg they put out. The only thing ;

|
5|' they put out was chlorine. It got bounced. And now they are t

|
'

i |

6- considering to see if they know oxygen has an ef fect. !
I

l
|

7 You go look and find out who's writing dhat reg and !
:
>

8 whose desk it's stuck on. 1

I l
!

'

9 MR. SERPAN: I don't know.
!

,

10 (S lide . )
I
i

11 Very quickly, this talks about the material propertiesi
!,

12 that we are getting from the piping steel's. We have already
,

'

(, 11 talked about that. We are getting the crack growth rates in ,

1-

|

14 the PWR environment, reactor-grade water and getting J-R curves
,

15 at room temperature and 350 degrees Fahrenheit.

16 Naval Research Laboratory and Naval Research

17 ' Devele.cment Center in Anna. polis.

18 DR. ZUDANS: The pressure is what?
I

19 MR. SERPAN: 2100 psi.
I

20 l (Slide.)

21 The last topic in the piping has to do with the

i

-

22 ; determination of the flaw size and the reliability of ultrasonic
.

!

23 i inspection. This is under way at Battelle North >est, the
I

1

24 | purpose of which is to determine the reliability of ultrasonic
Ace 4. ..r.i seconers. ine. ;

25 i NDE applied to primary systems, primary systems, and its impact

I a
! r

.
'

| |
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1 on fracture mechanics analysis. ;

m

2 The objectives are. to prepare plate and pipe samplesj
i

3 I containing service-induced type flaws fabricated from A106, j
-

4 A516, type 304 SS and SA 351 steels; determine the significance !
l

5 of flaw roughness aspect ratio and flaw depth on detection; |
'

I6 and, using those variables and the flaw location, tightness, |
I

7i gecmetry, orientation, and the inspection team who made the
I l

8 inspection as a variable, and then try to determine the
'

9 probability of detecting given flaws in piping systems. !
| !

10 } DR. ZUDANS: Last November, when you made presenta-

tions, I thought there was discussion of an instrument that was |II
i

i'

12 ! being made, that would cost about S100, that you could go into j

| .

(,, 13 | the field and do the crack detection testing. Was that the !
!

14 instrument for in-service inspection?

15 MR. S ERP AN : That doesn' t ring a bell.

16 | DR. ZUDANS: Doesn't ring a bell?
i

I7, MR. SERPAN: No.
I

18 DR. ZUDANS: Someone was developing this.
i

I9 DR. SHEWMON: That was for whether or not stainless

20 ' steel was sensitized.
!

,I { DR. ZUDANS: That was one of the instruments.'

!

17 i DR. SHEWMCN: That was the only one I heard of."
,

I !

231 MR. SERPAN: Anv c.uestions on this?
,

.

24 !MR. SENDER: This UT program has been going on for
'

Aa. ,.ii nmorms. t x. .
!

2'C - 'some time.,

| i , .o

i !
I

1 '
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1

1 MR. SERPAN: This is a new program. |

|s

2 MR. BENDER: But other people have pursued it, maybe !
i

!
3i not in piping, but probably in piping, too.

ir, x
4 Are you doing this because you think you are about

,

5 at the point of having a technique that is useable?
!

6| MR. SERPAN: You mean an ultrasonic technique?
'

!

7' MR. BENDER: Yes.

8 MR. SERP AN: This program will actually be looking i

!

9 at current techniques as well as advanced techniques. We i

10 ; don't have a good number on reliability of NDE detection using

Il current techniques, and this will give us that reliability

12 I
I.

number. And then we will go on with the same kinds of flaws ,
.

(_, 13 the same samples, and come up with improved -- use of the ,

i
'

14 | improved NDE techniques.

15 MR. BENDER: This is really just an attempt to assess--
;

16 ' MR. SERPAN: Quantify where we are.

17 MR. BENDER: -- adequacy of the current -- that is
,

18 / the wrong term -- to determine just how good the current
d

l9 technique is.

20 , MR. SERP AN : Yes, sir; and then try to improve it.

21 MR. BENDER: Fine. Probably a good idea.

22 MR. SERP AN: Any other questions .

23 DR. SHEWMON: Where is that on your budget? You

24 | say that is at PNL?
Ace-k. rat Reparters, Inc. |

25 |! MR. SERP AN : Yes. . <
.\

J''

m
|

,
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! ;

|
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l

1 DR. SHEWMON: There is nothing from PNL -- it must be j
w I

I |
2' one of the undesignated -- ;

:

3 MR. SE RP AN: No, integrate NDE and fracture mechanics.!
(' i

i

! I
It is the fifth from the bottom on the nondestructive.4|

,

I

\

5i DR. SHEWMON: You now skipped over to the nondestruc-
|
i .

6j tive? j

! !

7] MR. SERPAN: That is nondestructive, but we put it in j

i

a, because this particular program will be feedinc in the flaw I

I

t i

9 detection.3 reliability and the flaw size estimates into this
i

!
10 program, into the overall piping program. I guess I didn't

'

11 explain that. We are getting that input from that program. ;

i

' '

12 i (S lide . )
| ,

'

I() 13 j Moving into the second area of the overall branch !
l

,

14 program of irradiation effects on dosimetry, the purpose of this:
i

I

15 J subtask area is to establish valid irradiation effects trends

16 and methods to predict fluence and embrittlement in reactors.

17 General objectives are listed, and I will go into a more
i

18 ' detailed discussion on the dosimetry aspects at the end. The
!

19 | more metallurgically oriented things are to establish the

1

20 ; ductile shelf toughness of weld metals, primarily the B&W

!

21 ' irradiated at Oak Ridge; reevaluate the 10 CFR 50 rules on
!

22 ) CHARPY-V's 50 foot-pound toughness criteria that will come

!
23 j directly out of that effort; support fracture mechanics

1
24 | technologies and crack arrest and crack growth rate- establish

!

pal Reconers, lrs jAm,

25 ; criteria for cyclic irradiation and annealing of pressure
I a

5 Er:
~

u

i
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I
1 vessels.

s !

2 And then the last two is, to validate pressure vessel i

3' surveillance dosimetry procedures and evaluate the validity of I
',,

t
i

4 embrittlemen saturation. The last two I will talk in more i

l
,

!
5 detail about.

|
,

~

6, Any questions on the first,' the top ones? ;

!

7 (No response.)

8! DR. SHEWMON: What does the second one mean? Is that !
! l

'
9 alternate criteria for licensing, in case you don't have

10 50 foot-pounds?

Il ! MR. SERPAN: Yes , but primarily to find out what !

| |

12 i CHARPY-V 50 foot-pounds means with regard" to a fracture !

(_j 13 toughness number. Right now the correlation is not good. The
;
i

14 licensing staff needs to have that cleaned up a lot. If we have!

15 | these weld metals with a low shelf toughness -- that is,
i

16 | 50 foot-pounds or belcw -- we must determine what that really
|

17 means in toughness in full-section material.i

n

18 co we have four inch thick compact tension specimens

19 with that same kind of weld metal, and they will be irradiated
,

20 , to g ive us approximately the equivalent of a CHARPY-V

21 | 50 foot-pound. So we can break the CHARPYs, find out tha t
.

I22 ] they are essentially 50 foot-pounds, and then determine what
I
i

23 ! the equivalent real fracture toughness is .

:|
24 DR. SHEWMON: This is a "J"?

Ace.t .<ral Reporters, Inc, !

25 |i MR. SERPAN: Yes, using the J-R curve techniques .
!
I

i i

i

f ' 't\f

,
'
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1 This will be elevated temperature. This is not linear elastic. !
m

1

2 It will be ductile shelf maximum toughness. When we have the ;

I i

1
,

3' toughness number, we can go back to a vessel analysis and
,,

!

4 determine if that is sufficient toughness for safety under !
l

5, thermal shock or any kind of accident.
.

i
i

!

6! DR. WECHSLER: Why was 50 foot-pounds chosen as the
.

! i

7! criterion? i

l i

8| MR. SERPAN: That is-in the Code of Federal ,

I

|'
,

9! Regulations. !

/!

!
i
'

10 DR. WECHSLER: Why?
i

11 DR. SHEWMON: Don't ask us why; it's our policy. I

|
:

12 (Laughter.) |
*

(e 13 MR. SERP AN : There were a lot of reasons, and it |
~

i
14 was, I guess, as much a compromise as anything else.* ~ -

15 DR. WECHS LER: Scmewhat arbitrary, then?-

16 i MR. SE RPAN : Somewhat arbitrary. But that kent in
i

17 ! in the early 70s. I think it has gone back to 30 now, because
;

18 the shelf drops can get to 50 and belcw, and if your criterion

19 ' is 50 then you have nc idea what the shif t is from a legal
,

e-5 20 standpoint. So we have gone back to 50.
j

21 - (Slide.)
i

22 MR. SERPAN: I will talk now about the dosimetry
.

23 program. I think perhaps I will start with this, which is --
i

1

24 I think it is one viewgraph over. The entire dosimetry program

Ace-Leral Reporters, Inc. ;

25 ! is trying to update dosimetry and embrittlement projections
|.

< ,\.I
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1 for pressure vessel surveillance, and this is probably as good
m

_
2 a way to talk about it.

~

3 What we expecc to come out of this is a series of |
.r' I

4 standards, and these are the titles of standard procedures and

5 standard methods. Up at top is probably the big umbrella for

6 the whole thing, which is analysis and interpretation of
i

|7 nuclear reactor surveillance results. It is a brand-new
I
'

8 practice. We still have to write it yet.
I ,

\ -

9; Then we have these four at the top, which probably ;

10 cover the main areas: surveillance tests for nuclear reactor

11 vessels, exactly what you put into the surveillance capsule,

! |

12 i the specimens as well as the dosimeters. '
,

13(; Surveillance dosimetry extrapolation. Once you have
,

i
14 the dosimetry, how y .u actually extrapolate it from your

15 measurement point to inside the pressure vessel.

16 Displaced atoms, OPA exposure unit. The concept of

17 flux or fluence greater than one Mev has been show to be not
i

M' accurate enough. We think that displacement per atom is a

19 j better one. This will be a procedure for how you actually
n

20 ! calculate that and cse it.

21 ' DR. SHEWMON: Since no one can meazare a displacement

'

22 per atom, why do you pick that somewhat -- you figure it is
:.

23 d better than what you have now, even though it is unmeasurable?
1;

a

24 || MR. SERPAN: Yes. It comes from scme theoretical
,cw aeponm inc. 0A c. ..

25 work on the knock-ona of the atoms. It has been correlated and,

I

c - '

E'h [ b, 'd
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1 been shown to work quite well in fast reactor work. And we

- 2 are bringing it into line for a slightly different spectrum
I

3 for the light water reactor. It seems to correlate better.
i

m

4! DR. SHEWMON: It is purely an empirical correlation?
i

|
5 MR. SERPANS: Yes, you can't measure it. !

,
- !

6| And the last one on the top right is damage
t i

7 correlation. That gets to the correlation of the embrittlementj
i

I

8| between a power reactor and a test reacto..
. ,

i

I i

{9 The others below that are much more detailed, the

'

10 methods to how to get to the others, and I am not sure it is

11 necessary to talk about those today.

f
I

12 ; The actual calculation, the tra'nsport methods, for
I

13 example, the spectrum unfolding methods , updated cross-shetions ,!(- 1

ii

I4 ! damace monitors and so forth -- this cives you an overall --
;

15 | MR. BENDER: What are we using right now, Chuck?
!

16 MR. SERPAN: What are we using right now?

17 MR. EENDER: What you have here suggests that we

18 dcn't have much.
:

I9 MR. SERPAN: That's right. What we have now is 1-3

20 , up here, surveillance tests for nuclear reactors. Those are

21 ASTM practices 185 and 184. That tells you specimens to put

22 d in and dosimeters to put in. 560 is a first cut at how to

}

23 , extrapolate surveillance dosimetry. It needs considerably more
i

j'
} *e -|'

work.
Ace . cal Reporters, Inc.

25 , So wnat you are seeing here is the f act that we have
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a
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1 a dirth of information as to how to do this as far as standards

-s ;

2 and guides are concerned. It is being done and there are other !
.

I
3 ASTM standards that help. But the reason for starting this

i
i

m

I
4' whole program was the errors were not acceptable, they were

5 higher than we wanted, but the procedures were not standardized

6| amongst all of the vendors.
I

7| DR. SHEWMON: Errors detected how? And what errors? 1

i

8| You said the errors were unacceptable.
'

,

i

|

9| MR. SERPAN: Measured versus calculated on dosimetrc. ,

l
10 ; DR. SHEWMON: That gets down to 10-D, or did you

II ! have some experiments on 1-C?
!

12 | MR. SERPAN: On 1-C? Well, I don't know hcw they

( 13 calculate those errors, I really don't. I know that there re

14 errors in there. They put plus or minus 30 percent on them

15 right new, a great deal of them. I can't tell you how they
,

16 calculate those errors.4

.

17 ] MR. BENDER: Where in the life of a vessel would it
1

13 be urgent to have these procedures in place? It is obviously

l9 not urgent today, because you don't have them.

20 MR. SERPAN: Closer to the end of rhe life.

21 MR. BENDER: The last 5 years of a 40-year life, er

22 the last 10 years of a 20-year life? I am not sure whar the
1

23 number is.

24 f MR. SERPAN: Part of the urgency for this program is
Ac 4 <v ne:eners. inc.

25 that the lcw shelf weld metals are dropping fast encugh, that

t ,n'

O' "l '. ) I
'

!
'

i
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1 there is concern about the toughness of those materials, and !

!- ,

. 2 the licensing staff would like to have th:.s information within ;

I

3 a year or two, because they want to be able to evaluate these !
<m

4 pressure vessels based on the surveillance data with a lot
i

5 more accuracy than we can right now.
!
'

6 MR. BENDER: That is the immediate urgency? . ;

'
i

|
I

7' MR. SERPAN: Yes, sir. !

8I MR. BENDER: Further on down t.'e road, what will be

9|' I

the urgency? I

10 MR. SERPAN: Further down the line, I would say
,

11 the last third of a vessel's life, ordinarily the last third !
;

|
l '

12 ' of its life.
| !

13 |
'

'
MR. BENDER: Thank you.(, i

,

14 ) (S lide . )
i

15 MR. SERP AN : The three programs that we have in

i
16 I place on the irradiation effects and surveillance dosimetry are

17 at HEDL, Cak Ridge and NES. The general scope of work for the

IS HEDL work is shown here. They perform flux and spectrum
;!

19 calculations of surveillance locations and other reacecr
u

J
1

20 locations. They assemble, irradiate and count the very carefully

21 selected neutron flux monitors which were irradiated in those

22 reactors.

23 They formulate models for radiation damage and.,

24 develcoment of credictive damage functions, and they write
.at Reporters. Inc. ]Aced

25 || standards for measuring and interpreting neutron flux spectrum
!! n ,3 0
'l [ '/ /'|C
|

'
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|
I and embrittlement. Again, these are simple, but that scopes

,-s

what they do. !2

l
3 Oak Ridge, on the other hand, is concerned with the '

#'
hardware part, the large hardware part of this program. They

|S i are constructing and operating two benchmark facilities, one
1

6; of which is ror direct spectrometry of the' neutron spectrum and '

I
.

for dosimetry and embrittlement, which is the PSF. The |7
;

i

8 ! direct spectrcmetry is called the PCA. It is pool-critical i
' i

9|
i

-
i
- assembly. |

10 The PSF is pool side facility, which is a dosimetry

11 'experiment. I will show a picture of that in a minute.,

! i

12 |
'

And then Oak Ridge is deeply involved in writing of

I3 a standard method for the transport theory of flux spectrum(.
14

calculations. Transport theory turns out to be the basis for

15
most of what we plan to do and what most people are doing for

16
the spectrum calculations.

17 :
) Bureau of Standards provides unique anc valuable
i

la ' service for standardization for all of the laboratories involved
'i

19 ' in this work. They make what amount to absolute flux measure-'!

20 ments in benchmark test facilities. They have a clever system
;

21 for getting absolute measurements of the flux in facilities. I

,, i
"| don't knew if I have a cicture to show that. I cuess I don't.

I
'3 p

,i What I would like to show you --'

F

24
C~ SHEWMON: Before you take that off, can you tell

Ace F W Reponers, Inc.

25
me what the funding is for the last two items for HEDL?
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1 MR. SERP AN : HEDL is, overall, about 500,000. And
,

2 the last two are about 125,000 of that. j

! I

3| DR. SHEWMON: That is not much, but they have been j
s

,

I i
,

4' doing it for ten years, and I don't know -- ten years ago they -

5 were doing it. Nichikowa was doing it instead of somebody
1

i
,

6 else.
' l

7' MR. SERPAN: That line is the people working on the ;

i

1

8, DPA and getting DPA validated for light water reactors.

9 DR. SHEWMON: Validated, whatever that means . And

10 isn't it entirely a calcu?ation procedure that nobody can check?|
!

II MR. SERPAN: It has to be, that's true .
.

I
i

12 DR. SHEWMON: I hope it doesn' t' co on for another |
!

( 13 ten yea'rs. '

'
.

14 MR. SERPAN: It will not.- -
,

15 (Slide.)

I

16 i To give you an idea of scme of the laboratories "and
|

l' some of the facilities tha t are involved in this, we have three

13 primary areas that are at work here. The first one is the

19h benchmark _n callibration, the second one is the benchmarks
1

20 for transport calculation validation, and the third one appears

21 ' on the next viewgraph.

-

22 But we have f acilities for the callibration benchmark
- il

'

23 at NES. The 252 Californium, U-235 fission, there is another

24 U-235 at CEN/SCK in Belgium. We have a great deal of input
Acso rW Reporters, Inc. d

1

25 ; from Belgium.
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1 We have another standard at NES, and the CMR CRMF I

jm

2 facility at Idaho. f,

i

3 The transport calculation benchmarks include the |
'.

<

i

4; iron shells in Belgium and the PCA at Oak Ridge. The test !

l .

5' fields in reactors that we are using include the BSR at Oak

6|
.

!
.

Ridge, the light water and heavy water test reacters at KFA-Julich
|

7 in Germany, University of Buffalo test reactor, University of
|.

8, Virginia test reactor, BR-3 small power reactor, :
!

I '

I9 Arkansas Power & Light No. 1, Garigliano in Italy, Brown's Ferry! 3
,

,

10 and McGuire 1. !

II So we have radiations in the core, in the cavity , !

l .
'12 I or wherever, in all of these different facilities.

C 13 The primary test facility that we have, wherein we !
,

:-

'

14 think that we will get it all together, as it were, in this

15 piece of work is this experiment at Oak Ridge. This is thei

i

16 , PSF experiment. The reactor core will have a mockup of a

17 thermal shield, and this is an eight-inch thick pressure vessel

18 y!!
wall, and it is almost three feet square.

I9 ] This chunk right here is an experimental capsule that

0
20 l has -- that is filled with test specimens. In this case, it's

21 half-thickness compact tensile specimens, CHARPY-V and a myriad
.

22 of small specimens; transmissicn elec rcn microscopes, specimans of pure

23 allcys of pure iron and carefully centrolled alleys for irradiation darage work.o

:

24 '1 They are located at the pressure vessel surface at'

ACE P _eral Reporters, Inc.

25 h one-quarter thickness and the half thickness. They are lined
i

| '
i t t

|'
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I
1 in there in a bunch, and when this thing is irradiated they see

|--
t

2 the same neutron flux and spectrum as if that were pressure i
.

i

3 vessel walls at the quarter thickness. Of course, the advantage |
-s

!1

4 is that we can pull it out and test that material.
1;

5 The experiment is also loaded with neutron flux {
1

#

f

6', monitors, so that we will know exactly what the neutron flux |
.

\ f
I7: is at all of these locations. We will put in capsules at |

| i

8 accelerated surveillance locations so we can pretend that we |
| ,

!
'

9j have a real power reactor surveillance irradiation here and

10 make the comparison between the surveillance location and the '

II pressure vessel wall.
,

i i
;

12 | This is the embrittlement exper'iment. There is one ;

_/ very similar to it, which is nothing but the PCA experiment, !I3
~

;

which is nothing but dosimetry. And here we have spectrometry fI4

15 ! ongoing, about five to six times more dosimetry. And this is

16 |: where we are literally proving the calculational method versus
1

17 the measurements ,

i

18 MR. BENDER: The flux gradients that you are tryingi

I9 '

to mcdel here, are they supposed to be representative of a
;

20 number of kinds of reactor systems or just one specific one?

21 MR. SERP AN : We are trying to make it look like a

1

22 h generalized light water reactor, pcwer reactor pressure vessel.
9

e,3 y And we are struggling with that, because if we really make it4

i

2A ] Icok like a power reactor, then we have to radiate the thing
Ace-, weral Reporters, Inc. "

25 for ten years. We're doing a lot of scoping studies to determine
,

;4 .-
'
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_
I how close we can bunch this thing up, literally, so that we

i

2 can prove the flux but not destroy the spectrum aspects that
,

|
3 you would get. And it is amazing how much variation that one |.,

l |'

4' has in there, and still have not -- don't significantly change

5, the spectrum from a power reactor. So we are doing those

|
6 studies in this PCA experiment now, and before the end of this

e

7 month I will have to have a meeting with the licensing staff I

8 with the data 'that we have got and make a decision as to how

9 we are going to go on this thing. i

i
i

10 We are faced with going, irradiating for two years
,

! I
i ,

11 ! in order to get closer to our objective. Since we started this |
I

|
12 program -- |

|

|(_ 13 MR. BENDER: Excuse me for interrupting., It is two
t

14 years for what kind of ' reactor system? Is that for a PWR or a

15 ! BWR? For a PWR or a BWR, it would be 20 times that two years;
i

I

16 j is that what you are saying?

i

17 ' MR. SERPAN: Yes, that's right.

18 MR. BENDER: It is really directed to PWR systems
I

19 . more than anything else?
|

't
e-6 20 ; MR. SERPAN: Yes, it is.

i

21

22

d
_.

23 ||

ii24 l'
Ace Federal Reoorters. Inc. lj
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1 MR. SERPAN: The last tcpic has to do with ;

!n
|

2| embrittlement saturation. This is a tcpic daat has come ta the ,
!'

!

!3' fore late ly . Westinghouse came up with the evidence about a
t,,

c | 1

|
s

4 year ago that suggested that at a fairly low fluence, below j
|

|
5' 10 19 , that embrittlement might very well saturate in pcwer |

i
'

i l'

6 reactors. And you could go for very high fluence and not
,

i
|

7| expect to see any more embrittlement.
I

| i

8, EPRI was fortunate to get on the bandwagon on that ',

i
'

9; one, and they managed to put together a very nice program of
,

i
I

10 ; collecting about 10 surveillance capsules from the wide |
|

11 variety of power reactors , which the fluence frem these was

'

12 ' all down in the low range, where one would want to determine
t
; . ,

(_j 13 where one could see if the saturation effect were working.
,

14 ! They have started the program to measure the
i

!

15 embrittlement from these 10 low-flux surveillance radiations

16 and we have gotten into that, where we are going to be assist-

17 .) EPRI in this in determining the flux and spectrum part.
i

13 j EPRI is going to be ccncentrating =cstly on the

19 embrittlement, and we are going to provide as much assistance
i

20 ' as we can to be sure daat the dosimetry is as accurate as we

!
21 ' can make it now. So those two tcps lines then represent --

n

22 j DR. SHEWMON : When EPRI has the stuff that has been

23 in place for some time --

24 |i MR. SEPSAN: Yes.
Ace Neraf Reporters, tr.c. ]

25 1 DR. SHEWMON: -- HEDL will out surveillance capsules
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i

!

1 back in? ,
.

1

2 MR. SERPAN: No, the capsules will be pulled as part |
i

3 of the program. EP RI is going to do the mechanical property |_,

( 4

4 testing, and they will have charge of the overall program that ;
! HEDL is going to participate with the dosimetry from the5
I

(

6' dose capsules to be sure we get the best possible dosimetry,
i i

7| Then independent work -- NRL is going to begin a !
l !

3' low-flux irradiation in a rest reactor with reference materials ,
| '
I '

9 |< so when we get the answer out, we have a f ar better idea of
,

10 where the embrittlement is going because we will have a great j
,

11 ' deal of other irradiation data.
!

12 ! Most of the irradiation -- most of the steel in the :
1 i

!-.

(j 13 , surveillance capsules is from the reactors daemselves , and you

14 , don' t really have a good idea of what the trend is for that '

l

15 | material. You can guess what it is, but NPL is going to be

16 using reference materials where we have a great deal of

171 information so that when we get a result, we will know whether

.I

la 1 it is saturated or whether it is --
!!,

19 l DR. SHEWMCN- "Re ference" me ans it was studi:d
!

.,

20 before, or there are special alloys?

21 MR. SERP AN : It doesn' t mean that it's anything

1

22 :! particularly special. It means we have done a lot of work on
.

l
23!! it like the HSST-type UO, . It has been irradiated all over the

H
'

24 world, many many times , so that we have a good feel for how

Reporters, Inc l
Ace *., erat

25 that responds to neutron irradiation. That is what we mean byq

0
I

3 < . o< i '1 ,i
'

'
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. . - - . . - - _ _. - - ~ . _ . --_n- .- _- - - . . . . - . - - .



-. __. .
.

jl 3 .

72 !
!

i
i

1 a " reference material." i

n

2 DR. SHEWMON: " Low-flux" means you take it out in'

t

3; 10 years or seven?
,

t

4 MR. SE RP AN : They will take it to a low-flux, which !
'

5 is going to be probably at the high end of the low-flux, but .

!

6 we will see to it that it is within the regime that is

7; considered to be low-flux. !

! 1

8 KFA-Julich is also involved with the experimental i

I
!

9 irradiations in high- and low-flux reactor positions, working

10 , on the embrittlement saturation ef fect.
i

11 We have proposed now, and it will come up at the

12| very end of this thing -- we are proposing to begin a really
1 -

i

( 13 long-term reference steel irradiation in a power reactor *

14 , surveillance position, literally something like 10 ye ars ,

,

15 | and to rebuild a surveillance capsule , but with reference
6

16 material so that we will know -- we will be able to predict

17 j them better and put it in for 10 years .
I

18 i We don ' t h ave the funding for i- but we think this
'!
1

19 1 is scmething that should be done.
|

20 | DR. SHEWMCN: If I lock at the budget item here, you

!

21 j have the NRL going up, I guess, the next two years , screwhat
1

1

22 ] faster than inflation in '81, and the HADL going up at somewhat

22 d the s ame rate , and the Oak Ridge program winding down,
a
'l

24 Would you comment en what will be going en in each'

Ace + vat Reporters. Inc.

25 :| of those to reflect these trends?
f T f (, |\u
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1 MR. SE RPAN : The primary reason that Oak Ridge is

! .'s
'

2| going down so much is that they are running the test
i

_

3; experiment, the irradiation that is the biggest thing that they ,
i

,

\ ? \
I

4| are doing. So that irradiation is going to be conducted in
l

i :
i

5| '81 and just into '82, So once that is done, that will |

!

I .
.

6: essentially take care of Oak Ridge , because then the testing
'

i

t |

|

of those specimens is going to be done at NRL, We have to put
7|

t

an increase in the money in NRL to pick up that testing.
'

3,
1

| i

9 HE DL h as j us t -- ,

i

10 | DR. SHEWMON: You said it was being irradiated to
!

I
11 j 50. The increase in ' 81 is to help you get ready to do the ;

: '

12 ' testing in '82?
'

i .

I

MR. - SERP AN : I had originally thought -- as of last(_ 13 j ,

i

14 ' week, I honestly thought that we would irradiate for one year
i

15 in fiscal '81 and the testing would start in '82 then -- to
1

16 get started in '82. Now, we may even go longer. We have
d
a

;; other things for NRL that we would like to have them do. It

is not just the testing of this, of the irradiated desimetry13 .;
!

!

19 work.

20 MR. ETHERINGTON : The B&W capsule recently withdrawn

;; , frcm Three Mile Island showed a much higher fluence th an

.

22 j. calculated. B &W explains this away on core configuration.
,

23 j Is NRC s atis fied with this ?

24 j DR. SHEWMCN: It was Fort C alh oun .

Aw%.r.i neooners. inc.1
25 ! MR. ETHE RINGTON . Excuse me.
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i

1 MR. SERPAN: Yes, I s aw that data, and I do not know
m | |

2i the answer to that. I just don't.
I

i .

3' DR. SHEWMON: One of the notes th at I s aw on th at !

,

. said that they would have -- Cor2ustion, I think it was , was |

5 going to have a new calculation in July , which was the code |
!

6- that' they use now, 'which they thought would do a much better '

I

7 job of that.
! !

I
8 And when the Combustion individual gets here, I

!
'

9 hope -- this is a memo from Quittschreiber, and Combustion
i

|
10 ; stated their early codes did not have all of the features of

l'
l

11 , their present codes.
I
i

12 i When they perform the calculation, using their
i
!

( -

13 |
present code, PDM, and a bunch of numbers , SHADRACK , they

14 { L<pe ct the prediction will be much closer than calculated.t

15 They expect it to be completed in June. You have not followed '

o

16 : this?
I,

17 ! MR. SEP2AN: I got the original input that it

13 : happened, but I h aven ' t received anything else en it, no.
o

19 MR. ETHERINGTON : That doesn't give much consolation.l

!

20 j It seems to indicate that the fluence are higher than have
i

'I ~

21 ' been calculated in general.

22 ' DR SHEWMCN: This was two and a half to three times .
.

>

|

23 MR. SEP2AN: I think we have prcbably seen it for

24 the last 10 years ; as lonc, as I have been in this business , we

AceJa eral Reporters, Inc. j
25 !! Lave seen . hat. the actual measurements that we get out seem to
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|

1; come higher than the calculations . I am s orry to see th at , but>
j-s

2| I am not surprised by it. It has happened before.
1 i

3I What we hope -- and I really think will happen from
e'_'
\

4 this dosimetry program that we are running is that we can really
t

5 significantly minimize these kinds of errors in the future , |
!

t

6 because we will have a good calculational benchmark against
i
,

7| which all of ' the codes used by anybody -- and they can really .

t

a check out their codes and see if they are accurate, because :
|
|

9| we really have the measurements in the places , in the kinds of

i

10 j environment that one is calculating.
,

j

11 i I think we are going to make an improvement in the ,

i

12 ! dosimetry with this program. In fact, I should say that there ;

I
( ,j 13 i are enough studies and measurements that have been dons in the ,

14 ' PCA now that I think we are' ready to make that kind of a
i

15 | s tep change .

t ,

16 What we have organized, or what we are organizing

1

17 right now is a blind comparison of that PCA experiment. We

la j have sent cut a flyer to everybody in the world really who is
1

19 interested in it. We will provide them with the input data.1

20]| That can calculate that PCA and send in their answers .
I

I

21 j Next Feb ruary , I think , at NES , we are convening

J

_

22 l a workshop where they are all going to ecme sit down, get the

23 answers and find out how they did with it. By next February
4

24 [ it is going to be there as to how they do it.
Ace Feuerst Reporters. Inc.1

i

25 ;1! MR. ETHERINGTON : It lo }s as that we maybe should

I!
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i

, I| look more critically at the proposals to leave out thermal |

m. l
* ,

2| shields in reactors . !

! !

3i MR. SERP AN : We definitely should. I would not ,

'
:
,

4j recommend that you leave out any thermal shields for awhile. f
r

i

! l

5- MR. ETHE RINGTCN : It is being proposed.

!
6 DR. SHEWMON: Can you comment on that? Is there

1

i

7| likely to be someone here from DSS that can in the future? )

', i.

8! VOICE: Yes, at 11:30.
.

!

9' DR. SHEWMON: The schedule calls for them to start
I ,

10 talking at 11:30. I hope they make it.

i

11 DR. SHEWMONr Let's take a break c7d come back at

! .

12 10 :30. Two hours is enough. .

|

i(,. 1,3 | ( Re ces s . )
,

l

14 |I ( S lide . )
!!

15 MR. SERPAN: The third area has to do with steam
|

16 generator tube integrity and stress corrosion to develcp an

17 i understanding of integrity and mechanisms of degradation of
!

i

18 || steam generators and steam generator tubing.
0

19 , Furthermore, it is to develop an NFC capability to

20 | evaluate stress corrosion cracking in reactor materials. The
i

i

21 j cbjectives of the work that we have are to develop a predic-
,|

22 i tion f or the margin to f ailure under burs t and collapse
-

n

23 pressures of degraded steam generator tubes .
1

24 ] This work essentially has been done with machine
ace-> _rai Aeoorters, Inc. O

25 ' flaws, and we are working on getting a rule .hrough the

l
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! [ ,_ d'
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1 Licensing Staff right now; second, to develop a predictive ,

l !
| 1~

2| capability for predicticn of stress corrosion cracking of i

i

3' s team generator tubes . This is underway at Brookhaven, and
,- |
< ,

is looking at a range of parameters so that you can try to |
'

4||
i

5' predict, based on the environment within a steam generator, if
.

I

l |

6 you are going to have cracking. That work still has several
,

! '

7! years to go. ,

'
t

| i

8 Third, to determine the degradation patterns and

i

9i mechanisms in a retired steam generator. And I will talk at
i

1

10 a little more length about that.
i

'

11 t And finally , develop methods and criteria for

12 ' evaluation of intergranular stress corrosiion cracking in BWR
I :

13 stainless steel piping and stress corrosion dracking in

14 ferritic steel piping. i

15 j And as you requested, I will talk some more about
1
1

16| th at .!

1

.i

17 | DR. SHEWMCN: Is the main problem with the -- you
,

i

la i talk only about stress corrosion cracking here. Is th at the

4,

17 main concern or the mechanism for the fracture of pipLng
i

20 in steam ceneraters?
!

'

21 MR. SE RP AN : No -- I see , you are talking about the

i

22 , second line here.
_.

23 CR. SHEWMCN: It shcws up in the first cb j e ctive ,
i

24 and it shows up in the second cbjective.
ral Recor+ers, Inc. qAv -

25 j MR. SE RP AN : A great deal of it, to the best of my
i

I

i

d i. ,' ') l *|, ,u

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



. . _ . _ _ . _ . __. ._. _ ._

ji 9
!

78 |
|

1 knowledge -- yes , a great deal of it is that cracks that come
-s ,

|

2 about, corrosion cracking. It is true there is wastage.

I

-

3; But as far as cracks are concerned, I'm not sure
i

!s

4i there is any other kind of crack but stress corrosion
I !

I

5' cracking.
:

6 DR. SHEWMON: Venting gives rise to stress corrosion
d

7| cracking?

|
8' MR. SE RP AN : Yes. '

9 DR. SHEWMON: Are we talking about cracking in the

10 plates, or --
,

11 |; MR. SERP AN : Primarily in the tubes , which is the
:

12 upper band areas , and also around the bends .

\ .

(, . 13 DR. SHEWMCN: I am glad we are talking about it only ,

,

14 , in the tube, because I guessed what -- *

i

15 MR. ETHE RINGTCN : A f ailure in the tube is due to the

16 tube being pushed together as a result of the corrosion

d

17 j problems affecting the tube support plates . So ordinarily --
J

18 the normal stress -- you wouldn' t expect these problems.

19 l Are we addressing a problem that resulted from the
1

20 general f ailure of the tube support plates that we would not
:!

21 j expect in a resdesigned steam generator tube?
!!

22 1 MR. SE RP AN : I had my blinders on. I was talking
-

o

23 about the first two programs , which we are just concentrating
:i
d

24 cn the tubes themselves .+

i

Ace.. meral 3ecorters, Inc. ;

25 i The latter program here, the third ene , where we are
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1 talking about retired steam generators , in those programs we !
t

i !

2 | will be looking at everything, the tubes and the support

3 plates. We will be trying to find out what has happened to
/ |

'

i

4; the support plates and why they have gotten that way and what |
| i
' i

5 the problem is and try to ccme with reasons as to how that '

i, . .
>

6> can be prevented.
i

|

7i MR- ETHERINGTCN: I undertand that , but I am getting.

8 back to my real question: Is there a problem of stress !

9, corrosion in the steam generator tubing? Has there been any 4

10 i that has not been caused by the tube sheet problem, the support !
|

!i

11 ! Plate problem? .

i
.

12 ' DR. BERRY: The initial problems were with the tube
i

!

g ,s 13 f sheet on top of the tube sheet.
-

'

,

'
i

14 ' MR. ETHERINGTCN : On too of the tube sheet.
i
1

- 15 DR. BERRY: Particularly in the NET , where you have

16 a little bit of phosphate and some fresh water in the system.
,

17 j The calcium combines with the water, precipitates , and leaves

is j free sodium behind and then causes caustic stress corrosion.

19 There have been some studies --
:
,

20 1 MR. ETHERINGTCN: I guess th at is stress corrosien

21 anyh ow . The troubles of the U-bends have been the more common.

22 ] The mechanical, primarily in origin.

23 , DR. BERRY: Th at starts on the primary side. What

i

24 , we ' re talking about is on the seccndary side .

4c..si,cersi a.oonm. inc. ;l'
25 J MR. ETHERINGTCN: Righ t .

C

||
i

-

3,

j t L.

.
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I

DR. SHEWMON: It is still not clear to me that on the
l'!s

I- 2 first two of those we are talking about a problem in future or

3 even current steam generators.
. _,

4 MR. SERP AN : The first two programs are in direct

! '

5| response to requests we have had from the Licensing Staff. The
!

I . .

6' firs t one --

7i DR. SHEWMCN: May we see the letters? When were they
I

8' dated? |

9 MR. SERPAN: Several years ago.

10 i The first one --

i
11 i DR. SHEWMON: Cnce you have a letter, it is good for!

.

12 e te rnity ?

(,/ 13 MR. SERPAN: Well, it is good to solve that problem.
i

l
14 ' DR. SHEWMCN: But the industry has already solved

15 the prchlem if they have plugged those inner tubes and dcn't

16 , run fresh water through their secondary '-hrough the-

17 , conde ns crs any more.
,

!

la i MR. SE RP AN - The first program was to get the data
i

|'

19 base in place for how -- for simply the integrity cf tubes
i

20 j that had flaws in them. It doesn't matter how they get there.

21 The Licensing Staf f -- and actually it was the Licensing Board
:I
a

2 2 ", that went back to Pr Island, I believe . They were
"

23 ; ansatis fied with the da _a base that the Staff had for predicting
1

24 failure tubes.
'

ac..r.ar.inemn.n.inc.;j
25 DR. SHEWMON: They had been working en that one for

1

~}') ~)
, ' , (/o

c.;

,

i

- - --. _ _ . _ -_



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

81

-

14j1

1 a couple of ye ars ,
im

_
2 MR. SERPAN: That first one -- yes, about two or ;

t

3 three years , and the initial part of that work is done , as I :

O
4 s aid, with machine flaws. We want to validate that with real |

.

!

5! flaws.
1
i

6| DR. SHEWMON: No, we want to predict a capability --
!

7 MR. SERPAN: It is a small program. The second one

8| is quite a small program at Brookhaven, that the Licensing
i i

l

9! Staff,again, asked us to do,
l
i

10 ! DR. SHEWMON: Could we see letters for that? t

;

!

11 4 MR. SE RPAN : Surely.
,

t

17 1 DR. SHEWMON: I am sorry that ho one from Jim
t,

< 13 Knight's shop is here to talk about that, but I feel particu-
%

|'
*

-

14 i larly -- -

!

i

15 I VOICE : The user's request came out of DOR.
1

!16 : DR. SHEWMON: Is that where Noonan comes from?

17 MR. SERPAN: Wait -- I guess that was .

18 DR. SHEWMON: We should have has screone here to
:

and t7 19 , talk about how this interf ace goes .
:i

20 ;f MR. SENDER: The first one is directed at the tubest8

'l

21 .I wastage problem.
1

'l

22 l MR. SE RP AN : Cracks and wastage.
1

23 DR. SHEWMON: The vendors have pulled a few hundred,
|

24 ] and the Board wanted a few thousand.
A ct - - ral ReOOrtTf5 Inc. iil

25 j Corten made a comment that they hadn' t learned any
L

|
,

, ,, ,,r
,- , .' l s

i
- %* J

l.

-- . - - - - -_ . - . . -._ . . . .
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1
t

fracture mechanics the way they followed them. I am sorry
1,

'
| i

- 21 he is not here to talk with you. !

i
<

I

3j You have a copy of the letter. ,

t !-
I

t l

4 MR. SERPER: There was a totally inadequate data'

I

5! base to be able to predict the f ailure of a steam generator

6; tube, given a flaw in it. The Laard simply was not happy with
i
.

I

i t

7; it, and said: i

| I

3; "Either find o.it stat the integrity of the tubes is, |
|

: 1

9 ', or we will shut down the steam generator."
!

10 i So we mountet this program to look at the range of
f

I

11 ' flaw sizes and wastage , depths of wastage and extent of

! !

12 | wastage, to determine how much pressure it could take as a i

! I
.

(, 13 j function of the eddy current indication and that has been done. ;
i i

I
'

14 i In a nutshell 7 I guess what that does is very well '

i

l

15 ' validate the criteria that the Licensing Staff has been using,
i

t

16 of the plugging between 40 and 60 percent when you have an
!

17 j indication -- eddy current indication between 40 and 60 per-

18 . cent you have to plug.
,

19 The data shcw, in general, that the flaws will not
,

20 l b urs t . The tube retains it intecrity up to 60 percent of flaw
a

I
!

21 death -- indicated flaw decth . It is like about 4000 pounds --
i

!

22 ' 4- to 5000 pounds. It will withstand up to 60 pe rce nt

23 degradation.

DR. ZUD ANS : 60 cercent of wall thickness .24 <

.caiawonen,inc.jAce-,

25 I MR. BENDER: For some reason er other, the
4
'I
h

j ( ', 7 .,

h a m c. v

_ _ . _ _.._ ___ _ __ ___ _.
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1
statements you are making are too simplistic to satis fy my

i

s ;

2
--

.

i
:

3 MR. SERP AN : I said "ir general," but that is in |
~

t
(
'

4 general what we have come up with out of this test program. |
i

I
5; MR. BENDER: That is what the Staff's regulatory

!

6: cas1s is right new. It seems to me that it would have to be
1 .

I t

7! correlated with the kind of flaw and a few things like that. ;

!
II

ai MR. SERPAN: Yes , we have sharp cracks and we have

9 wastage kinds of defects . And it is correlated with that , but

10 , they all tend to f all pretty much as I have said.
!

11 DR. SHEWMON: Is Mascar still in your shop? Where i.e ;

'

12 he today.
!

'

i! MR. SE RP AN : He 's in the hospital. Samthing is13k. I i
I ,

la < wrong with his back, and they haven't figured out what it is .
,

15 He is in terrible pain -- a slipped or ruptured disc. He is '

1
16 in the hescital; otherwise he would have been here. He has

d

17 j been cut for almos t a month , and I don't knew when I am going
h

la g to see him again.
1
i19 DR. BERRY: Are you attempting to predict, based cn

20 composition of the primary coolant?
i

21 MR. SE RP AN : That is one factor.

22 , DR. EERRY: B as e d on hi gh ly s ens itive --

'l

23 f MR. SERPAN: Trying to use a highly sensitive heat as
1

24 an accelerated tes t and then use other normal heats , the kinds

dA ce., .r.i neooners, inc.

25 ] that we usually find, as controls en each other, but locking at
1

N
*

|

'

c_' /
, ,

O m

e

I

... . - . -__ . - . _ . - _ _ . . _ .
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1 water chemistry f actors , pH , temperature, and also the material.
m

- 2 (Slide.)

3 I want to talk about the degraded steam generator

\

4 program. We are at the point of trying to get the steam

5| generator moved and quickly. !
i !
i i

6! Where we are on that is th at the feasibility study
i

7 for acquiring, shipping , and housing this Surry 2 steam gener-
,

8! ator has been completed, and it is shown to be quite feasible
i

I
i9 to do this.i

10 A conceptual design study for the facility is under-

i
11 ! w ay . We expect it to be complete by the end of this fiscal

| ..

12 ; year.
!

.( 13 Arrangements for the shipp_ng are underway; and now,
"

. .

.

14 since this has taken so long, well, 4. t looks like we will start

15 the shipment in about November. We had tried to do it in about

16 September, and construction of the facility should start in

17 ' May o f 19 80 . And we hope it will be ccmpleted in February of

18 1981.
1
e

19 It has been cencluded that we can barge th at steam
a

j

20 j generator from Newport News, through the Gulf, through the
!

21 ! Panama Canal, and up to Richland. And the studies that have

d
22 ! been conducted shcw that it crebably makes most sense to put

'l
23 this facility at Rich land , and PNL will be rhe contractor On

I
m, a .

4* .i it.
Ace-%eral R eporters, Inc. ,

25 Once it gets there, the research progrcim that we have
n
e

p ,. 7 ')'' ' ;
>a ccv,

;

i

.._ _ ___ . - _ _ _ _ . . . . ___
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l
,

!
!

1 planned,in that we have still got to get through the Licensing
,

s ,

|
2 Staff and make sure they are happy with it, is in general as ,

'
!

3 follows: !,

\ i

4 ! We want to start nondestructive examination '

i
,

!

5 rese arch .
I
t -

'
6 DR. SHEWMCN: Let's stop a minute.

!

71 In getting it through the Licensing Staff, is that !

I
i i

3 ! DOR?
!

|

9! MR. SERP AN : That is primarily DOR. They sent us
1

10 their request in the first place.

i

11 ! DR. SHEWMON : Are either of you from DOR?
!

!t .

12) VOICE : DSS.
;

(_. 13 | (Slide.)
14 MR. SERPAN : As soon as we get the steam generatorq

!

!

15 too Hanford, we will begin nondestructive examination and steam

16 generation tube characterization studies . We are going to get
i

17 , a baseline on the whole generator with current -- eddy current
h

18 te chniques , as well as advanced eddy current techniques.
n

19 That we can do while the steam generator is in

20 storage and the overall research facility is being built. And

21 , we hope to start the research program in March of 19 81. And
i
4

22 j the kinds of things that we have outlined to do are listed
t

231 here : validation of improved nondestructive examination
,

24 techniques and development of improved tes t me thods -- this is
Ace Federal Reporters, Inc.

25 primarily eddy current kinds of things for the tube inspection;

O
o ,o,

* ..e. f'g. f 'l
/

j
'

(_ c.

. - - _ - _ ._ _ --
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1 development and validation of improved statistical models for
m

- 2 in-service inspection sampling plans ; development and valida- i

i

3 tion of tube-plugging criteria; visual, chemical and metallurgi ;,,

4 cal characterization of degradation and degradation products on

|
5 the tubes , on the support plates , and inside the generator; j

i
'

6 determination of causative degradation parameters ; improvement
i
; i

|

7 in mechanical thermchydraulic design and water chemistry; !

i

8 validation of the tube burst, collapse, and leak rate; )
:

?

9j predictive models for service-degraded tubes by pulling the

10 tubes out and testing them; validation of the predictive models

|

II I for stress corrosion cracking of steam generator tubes from
,

l and validation o5 chemical cleaning,12 the Brookhaven program;
;

i

ks 13 decontamination process use and procedures , confirmation of
I
,

14 ; mechanical integrity following such treatments , and determina-
i

15 | tion of long-term effects such as crevice corrosion and so

16 ' forth that you might -- that might happen as a result of

,1,' ! decontamination.
I
I

18 Obvious ly , it is a brief outline , but it is thej
!

10
'

kinds of things that we intend to work on.

20 MR. BENDER: With regard to the last item, is the

21 i frame of reference the work at Dresden?

22 MR. SERPAN: That is one of the things , yes .
~

J

3 MR. BENDER: What else might be available besides23
1

24 that ?
ACD buuertl Reoorters. Iric. .

25 ! MR. SE RP AN : DOE has some programs in that. I guess

,

e- f

!

!

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

I

1
Dresden is part of it. I am not sure what other reactor they |

m ;

2 have going.
|

3 DR. SHEWMON: Dresden is their BWR; Indian Point 1 is
,, .

f
i

4 their PWR. ,

I

5 MR. SERP AN : We would take advantage of that, what- !

'
.

I
'

6 ever information comes from that.!

.
!

l

7i MR. BENDER: In the light of Three Mile Island and ,

! ,

1

'

8 the possibility of reactivating that plant at some time , how

9i do you view the urgency of that last item?
' t

10 MR. SERPAN: It could be a very, very significant j

i
11 i facility in capability for learning how to contaminate some-

!

12 thing like Three Mile Island. I am afraid that this might '

'
!

i
'

( 13 - come along af ter Three Mile Island were ready to go back up.
.

14 MR. BENDER: I don' t know what we are doing, but

15 this particular area has sort of been en the back burner for
!
1

16 awhile. It has been going on- industry has been pursuing it
!,

||
17 j some. I think the NRC has had a verv nassive ocsition on it.

l.
la j The cleaning and decentamination area, p articularly

.i

19 as it e f fects the primary coolant system -- it locks to me

20 > like you ought to be thinking about the urgency of moving
u

1

21 that program along in some way. And my intuitive j udgment is
.I
i

22 j th at it is still on the back burner and not much is being done

93, to accelerate it.

24 MR. CE RP AN : I guess it would lock that way, but weq

:. jA e-, e., au- ut

:S ' have been trfing to get the steam generator moved from Surry to

1

I
L ;, 1')(: ,/

. . _ _ . . _ _. __
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i

I Hanford this Spring as hard as we can; and it has just been a ;

i
,

I
-

2j terrible job to get it, th at 's all .
'

I,

3 DR. SHEWMON : But let's go back. Certainly with the j-,

r

i'

4 reject steam generator bumped 3000 miles isn't the only way i

.

I ;

5 you can study cleaning of power plants.

I !

6; MR. SERP AN : That 's true , i

| 1

7 MR. BENDER: I guess that is sort of what the point
,

|

8 is. It looks to me like this is sort of the back doorway to ;

f

9 get there . I wonder whether just putting that in in that

10 place suggests that maybe there ought to be some broader

11 effort to address the subject,

i .

12 | NiR . SERPAN: It was put at the bottom of the list. I

I '
I

(j 13 | It wasn ' t j ust an afte rthought. We have a lot of other things !

14 |'we want to do with that steam generator before we can put on
V;

i
15 chemical cle aning or decentamination. We want to know where

n

15 l the crud is. We want to knew what the crud is and how it was
0

17 distributed.

.i

IS j We cannot go in there with chemical cleaning first

19 thing,because cf Three Mile Island, and expect to get any of

20 ] the rest of it.
21 ., MR. BENDER: Is that the only steam generator that

il
- 22 1 is available to you?

23 h MR. SERPAN No. There are six of them dcwn there
'l

24 b at Surry. We could have all six of them. I don't begin to
Ac.4eo,rai n eoon.rs. inc. 'l

25 ) have that kind of money in my budget.
?

. n.
,

: e

il
u

_ _ . _ _ _ _ _ . . _ _ . _ . _ . _ _ _
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1 MR. BENDER: I understand that you don' t. We have
_s

!

2 to look at what things are important and what things are not |
'

I
3j imp o rt ant . And you judge some things important that may be~. ,

, .

4 relatively important, but not as important as some of the other!
!

!

5 things you could do if we think about what has come up in the !

l

6 1 last year.
,

| |

7 MR. SE RP AN : Th at 's true . !
~

t
I

8, DR. BERRY: The Three Mile Island is a different I

!i

l

9 proposition of what you are dealing with at Surry. S urry --
1
i

10 ! you have wastage in the support plates . You shouldn' t have ;

i

Il that at Three Mile Island. It is relatively clean with respect:

I2 | to the corrosion product build-up. !
!l . .

# I3 MR. SERF AN : But it has sodium -- s odium hydroxide ,

Id ' and heaven knows what all else. It is a different kind of an
i
!

15 ' animal.
!

16 DR. BERRY: The ramifications of the cleaningi

I7 problem are quite different. You find out that you have no
o

la j support plate left with Surry .
19 MR. SERPAN: There is another item that we have

20 ' certainly thought ab out . There is the other item that when you

21 do a treatment, what happens to it? Do you do more damage toj
i

21; the icng-term integrity of that component by the chemical4

n

23 cle aning? If it is strong enough --
1

2 '4
'

:i DR. SEEWMON: That has been a hobgoblin, whecher it
AceJeceral R eporters, irse. ]

25 ?,
is a red herring or not. We seem to be able to do this for the

/30| '

;i,

:

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

1 N avy in the United States and all of the reactors in Canada , ,

:
|

'

2 but the NRC has great difficulty conceiving of it apparently ;

3, for reactors on land in the United States.
\

4 MR. SE RP AN : We haven' t addressed it. That is all I |
,

|
.

5 c an s ay . t

I'

|
t

6i MR. BENDER: My point is not so much challenge the
1

!

7 ! desirability of doing things on a degraded steam generator. It:

!

8 is a good test specimen, and what you can get from it is
'

9| useful; but there are not very many places where we can look

10 at things like chemical cleaning and decontamination of
i

11 ! critical components. Steam generator is one of the most
!

I *

12 j import ant .
-

\

(s 13 I think we ought to be thinking about whether. --

'
i

14 ; because of what has come up in the last year, whether we ought

]
15 to try to take advantage of that hardware to learn some more

i

16 ' things.

17 DR. SHEWMON: What is B RG?

3

18 )|
MR. SERP AN : Budget Review Group, the internal NRC

:

19 review process on the budge .
U
'l

20 |
DR. SHEWMON : This thing shows up on your budget

1

21 q under the PNL steam generator tube integrity test?
l

22 1 MR. SERP AN : Yes.
L

23 DR. SHEWMON: What would you guess '82 would be,

24 relative to your ' 80 number?,

Ac. Feeerei neoorters. inc.1

25| MR. SERP AN : ' 82 is -- what do I have there? 1250.
F .

'

j 7 / - .
l

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

|

!

1 DR. SHEWMON: You don ' t have '82. !
m

2 MR. SERP AN : For '81. ;

( '
3 DR. SHEWMON: 1350? |m

! ;

f

4 MR. SERPAN : It is at leas t that, or 1500. ;

;

!

5| DR. SHEWMON: What sorts of things do you feel you
i

6! couldn't do without this steam generator out of that list?
, i

I
7| All of those things are good things, and my reaction is that

I

i

a most all of them could be done in ways other than with that ;

9, steam generator. But maybe that's too flip, so I wan' you to '

i

10 ! tell me what you think is most important with regar6 to using

11 that particular test bed.

12 | MR. SERPAN : I would have to mock up something to do

ks 13 the first couple of ones for improved NDE techniques ; ifEI

14 didn ' t have a steam generator, I would have to mock up one.
!

!

15 The reason for the third one , development of thei

!

16 , tube-plugging criteria -- I could do that, but -- no, I can't.
L

17 d DR. SHEWMON: That is what you have been working on
o

i

nd t8 IS for dree years out there, isn't it?
,

!19

,

20
.I

a

21 !!

l.
<

22 li
.

23 !!
o

24 '!i

A#F.cmi aeoort ri. inc. 0
25 !

l -
,

,' , 2JJ,

|

!
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1 MR. SERP AN : I'm sorry. Yes, if you look at the
m

2 integrity of the tubing from the standpoint of the integrity
I

3 of the tubing. I was thinking from the standpoint of how many,,
(

4 tubes are in there and what -- how many tubes are degraded and I

|
,

5 determining from the in-service inspection.
|
1

. . i

6 I'm sorry, I wasn't thinking right. That's right. '

7 Tube plugging criteria I can probably get from

8, elsewhere. I cannot get this one, because I have got to have
|
|

9' real tubes from a real generator for that. So I have got to !

i
10 pull tubes out of some generator someplace and I need a lot '

11 of them.
I

'

12 DR. SHEWMON: You have been bursting tubes for years.

(,e 13 Why can't you burst them, unless they have been in a steam

14 generator?

;

15 ; MR. SERPAN: We have been bursting ones that have a
i

16 |machine flaw or machine wastage. That particular line talks
,

17 4 about pulling our real tubes that have real dents, real cracks

18 and real wastage, and validating what we have. We have always
:

19 ! cperated under the premise that we need to get as close as we
h

20 ! can to the real thing to validate. That is why I have got to

21 .have the steam generator or a steam generator to get those,

- d

-

22 f tubes in order to do that job.
t

23 MR. BENDER: What kind of tubing is in those steam

l24 generators? Inconel? It is all inconel?
AceJeveral Reoorters. Inc.

25 DR. SHEWMON: The vendors have been studying corrosion.

. n .-
I

|

, .,,

.- - - _ .- -- _ _ . .
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1 They have not corroded things big enough to do burst tests on,
m

- 2| .

I, or what? i

i

!
3i MR. SERPAN: Corrosion of the steam generator tubes? f

._s ! ;

4 DR. SHEWMON: Westinghouse, on their improved steam

I

5 generator, has a spec!.al annealing treatment for their inconel j
i

6, that they have developad at considerable expense, to find out
! ,

!

I
7; which ones are likely to give them the best life in probably thei

I I'

8 new Surry generators. |
i

9 MR. SERPAN: One thing is corrosion rates, and then !

!

10 the other one is the integrity, given so much corrosion. And

i
11 a lot of what we have been doing so far is to determine the ;

I

1
12 ! actual integrity, given some kind of corrosion. i

-

l
'

!

(_. 13 I am not f amiliar with what Westinghouse has done.
.

14 DR. SHEWMON: Who is? Is that Joe's shop,
i

15 |; Joe Mascara, or who does follow it?
!

'

16 ' MR. SERPAN: We should -- if the information were

le available to us, we should follcw it. We don't have it.

3
IS , DR. SHEWMON: I got it at an international conference

i
!

19 in Japan that Mascara attended, and they were talking abcut itq
;

20 in public there. So I doubt if it would be too hard to get it

21 ' from Westinghouse.

22 MR. SERPAN: I wasn't familiar with it.
il

23 j DR. BERRI: 700-degree Centigrade treatment, stress
!

24 Corros10n cracxing. That is for stress corrosion cracking
- _ ., e ._. ,. . e

t

25 rather than overall wastage.

-,,

- ' J. /3/'
!

i

. _ . _ ._ .__
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1 DR. SHEWMON: The concern here is some special kind of
.m

-- 2 wastage that occurs in steam generators, in corrosion in steam

3 generators, that can' t be simulated in a laboratory.
,,

\

4 MR. BENDER: There is a range of flaws of various |
|

5 types, and there is enough of them to give you statistical

6' significance. That is what I interpret as being the intent of f
!

I7 this program.
!

8 MR. SERPAN: That's right. |
|

9 DR. SHEWMON: But it is a unique f acility that has

I
'

10 been kicked on the floor and bumped across the country and

f11 allowed to corrode in who knows what kind of humidity, for how
i
i

12 1 many years, before you get at it. So the' similarity between |
!
i

(j 13 this and what is going to happen in 1983 in the steam generator
,

i

14 in a real power plant, I guess I have difficulty with, is why --

15 MR. SERPAN: I don't think that is quite fair. It is

I

16 j not quite as bad as that. It is pretty carefully sealed up, and

17 : we are moving it by water because we don' t want to bump it and
il

18 ' we don' t want to shake it up. We could have, conceivably, moved
,

19 l it everland, but that would shake things loose. So we are trying
1

I to be as careful with it as we can, so that when it gets to20

21 ' where it is c.oinc. it is essentiall.y in the same condition as
;
e

22 when it came out.
'

.I
U

23 I mhese things were cut loose and plates were cut over

I
24 them and they were closed up.

A a h .ru se m n m ,ine.|
.

25 | DR. SHEWMON: The other thing is, tnis has been abused

|

| >a _. ..
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I worse than any other reactor in captivity, or steam generator. ,

|
,

2 I hope people aren't abusing it that way now. But I can't |

3||really find anybody in the NRC who knows :how they are controlling,,

4 their chemistry, since you can't really learn. Since it is

5' costing a hell of a lot of money to replace this thing, I can ;

I
'

6 only assume that their self-interest is keeping the utilities
.

1

7 frcm abusing them in this same way. |
|
i

8i What you are going to get is the worst conceivable ;
I
I

9 kind of -- or the worst available misabuse, and then go use it
i

|

10 for decisions on different kinds of steam generators * hat have !

Il been treated in different ways and abused not raar as much, and

12 hope daat it is relevant.; ;

I
-

,

t . <

(/ U Maybe nobody can explain how it would be relevant. |

|

Id You have your opinion. We haven't got anybody else from NRC
.

!

15| who can give an opinion on why they think it is going to be
i

16 I helpful, and thus my frustration.
i

17 Let me ask a different cuestion. There was talk at
|
,

18 ! one time of EPRI having an interest in j oining you in this .
i

l9 Do they now?

4

20|| MR. SERPAN: Yes. They have been expressing interest
1

21 in it once we get it out. They have indicated that they would

,

22 come in on the program at a f airly substantial rate.
;.

23 DR. SHEWMON: And that individual, that is Martel'st

2'' 'l program?o

Ace FeaerW Reporters. Inc.

'S I MR. SERPAN: Yes.'

| ' Q;
;

s !.
O
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1 MR. TUROVLIN: CE has done model boilers with tubes
I-s

- 2 eight foot long.
I

i

3 DR. SHEWMON: To corrode them? |,s

|'

4 MR. TUROVLIN: To do their corrosion tests, controlling

5 their water chemistry.

6 DR. SHEWMON: You wanted to make a comment on thic |
|

7 area also? Why don't you come up and use the microphone? It i

I i
t i

8- would be easier for the reporter. Or use one there. '

,

i

9| MR. TUROVLIN: I wanted to make a comment, and this '

| i

10 ' is a personal comment -- !.
I

II DR. SHEWMON: Identify yourselr. |
|

' |
12 ! MR. TUROVLIN: I want to make a comment personal, ;

,

i

(_i 13 rather than for the branch. I have reviewed, sat in -- sat in
i,

14 on the review of the program for transporting the steam -

15 generator across country. I had reviewed the user's request,
i

16 and my personal opinion is it is not worth the trouble.

a

17 ] When you move this steam generator across country on

!!
la its side, you will so disturb the sludge deposit that any

i

19 sampling you take af terwards will be highly suspect.
;

20 ! MR. ETHERINGTCN: Won ' t mos t of the loose material

21 have been removed in any case?

22 MR. TUROVLIN: I don't believe so. But if it has,

23 of course, you change your experimental conditions. What you
1

24 " are trying to do, of course, is sample the sludge to see what
Ace Feueral Reporters. Inc.

e

25 ' the distribution is across the support plates .

1
-

( :. ,u
'

* '

k
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1, MR. ETHERINGTON: And there is extensive decontamina- ;
i

|
s

2 tion just to reduce the personnel exposure, isn't there? .

I

!

3 MR. SERPANS : Yes. !

j-s

4 DR. EERRY: That is primary side.

5 DR. SHEUMON: Sludgel is secondary side and shouldn't ,

I
i

6 ! be as radioactive.
'

!i

i

I

7 MR. ETHERINGTON: You're only concerned with the plant
|
t

8 side.
i
i,

9i DR. SHEWMON: The radioactivity would be primarily !

i

10 on the primary side. !
!

11 DR. BERRY: The sludge in the crevice areas is |

|

12 | extremely hard ana tenacious. You are bound to loosen up some !,'

i t
i

-

I(_, 13 of it, but by and large, that in the support plate crevice area
|

i4 is extremely difficult to reach. In fact, you have to chisel I

! 1

1

it, break it up.
15 '|
16 MR. TUROVLIN: You are also moving the steam generator

i

17 q cn its side, with the tubes unsupported along the side, and you
q

13 L do have support plates that are cracked around the periphery.
:
,

19 Therefore, you really don't knew at the end what the original

20 condition was whan the steem generator was in operation.

21 MR. BENDER: The fact it is not a perfect specimen
|
!

22 i doesn't necessarily invalidate the usefulness of it.
- a

H

23 " MR. TUROVLIN: My point is that it is far from
,

f

Ac.- _,rai Reporters. inc. :. perfect.
But it is so imperfect that you can get most of this24 '

25 f data by other me ns, without the 2adiaticn exposure.
I
I

!

!
t

--- -- _t_._7 . ' , - ,'l |

s_ e e



__ _ _ . . _ _ . .

..te 7 98

I MR. BENDER: What are the other means you are referring
m

2 to?
!

'~'
3| MR. TUROVLIN: CE has done model boiler tests on ,

i

eight-foot tubes where they have deposited sludge on their tubes {4

I, |
,

5i and their support plates. You can get cracks t' at way and

6 *

; simulate your cracking.'
I

7:I MR. BENDER: If that were the only way in which the .

8 cracks were developed and you knew that was a good model, you
,

i

9 certainly would probably prefer that. I think the question !
i

10 really is whether that is representative of all of the circum-
;

|

! r11 ' stances that might have to be evaluated. !
!

12 DR. S EEWMON : Let me come back ht this a different
,

I

(,' way. It seems to me I am at least getting confused on whether |
I3

!

U this is a research project to learn how to design better
i

15 '| steam generators, which as I understand it is not the responsi-
1

I

16 |bility of the NRC, or whether we are here to develop criteria

I7 to help protect the public health and safety, which clearly is .
:)

i

IS And I guess in all of these things , they are interesting things

19 ;! we don ' t know, maybe.

20 But with regard to criteria for making sure that steam

'l generators don't open up in a LOCA or something of that sort,'

!

'2 | I wonder whether it is wcrth the S4 cr $5 million we are locking-*

-

2 *' q at over the next half-dozen years to go take it apart.
.

2 '* l
h MR. SERPAN: The end result is to find out what has

Ace s tal Reoorters, Inc.

25 ', happened as a function of the operating conditions, s o tha t one

I
i

|
_ ,

'
-- ,
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1 can tell whether it is going to open up.
'

-s

2 DR. SHEWMON: You don't know the operating conditions ,

3 to my knowledge. I doubt if the utility knows what the operat- 1
I,

i

l

4 iny conditions were, at least with regard to secondary water i

1

i5 chemis try .

6, MR. SERPAN: We know in general the conditions in ,

i i

I

7 there. We do not know exactly the specific conditions, perhaps,i

8| minute by minute. But we certainly know the general conditions ,

i

9 of what happened.

10 DR. SHEWMON: You do have -- I see the Surry people

11 ' didn' t seem to know how they had mistreated the first one, wnan
!,

12 i se asked them about it, or how they were going to treat the !
!

1 second one better with regard to condenser leaks. Maybe the !(_
14 guy we talked to wasn' t as communicative as w'.m you can talk

|

15 |j to,
i i

!-
j

16 ' DR. BERRY: It would seem to Be it would be worth

17 your while just to see that there is not a third or fourth
r
i

18 ' mechanism that is going to sneak up on you in the future , that
o

19| may be showing up in these steam generators. Every time

20 something has happened, we change the water chemistry or the

21 operating procedure or some other phenomena.

22 I think a cost-test examination of this thing,
_

H
tl

23 || hopefully, would reveal any of this type of thing that may be
i

24 fIi cominc on that we are not aware of at this time. There may not
Ace-P erai Reporters, Inc, t

25 i be anything of that nature. But none thele s s , I would think that

i
,
' *!. '

1 <
J L . ~)

|
i t
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I a detailed examination certainly is justified. ;-s
,

i

2 MR. BENDER: To support Dr. Berry's point, it seems !
:

3g, to me the most useful thing in looking at this steam generator
i
'

14 is to see flaws developing at every stage, perhaps to be able j
i

5 to see the whole spectrum of flaws that might exist in the !

6
1 steam generator.

'
7 Personally, I think it is a useful idea, even though

i

i

8! it is costfy to do it. I am not sure you have estimated the i

9 cost reasonably. It may be double what you are estimating, butk
!

10 we will see about that, i

.

II DR. SHEWMON: He very clearly hasn't presented any
,

12 overall cost numbers, and that is probably why he is not doing !
i

13 tha t .s
,

,

l '' DR. ZUDANS: I wanted to agree with the comments of

15 the previous two speakers and add one more thought, that while
!

16 we don' t precisely know what kind of an operating history this

) ,' i
particular steam generator went through, one rhing is clear:*

18 It was mistreated. So what you will find by dissecting it --

I9 s hopefully, you will find scme new mechanisms, you will find
1

20 some confirmation of mechanisms that you cbserved elsewnere.

21 And the only question that remains, how to treat it

_ 22 | best so that you don't lose scme information that is in the

23 steam generator now. That is probably the questien of how you
il

24 ship it, hcw you handle it, whether you drop it once or twice
Ace-Federal Reporters. Inc.

r

'S' or three times . That is important.,
,

-
. - - , ,
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I KR. ETHERINGTON: The present chemistry is so totally
m

- 2 different from the chemistry at which these same generators have;
. i
i !
!

3 been exposed, I am not sure that it is very meaningful., -s,

DR. ZUDANS: Could we agree on one thing? Is the4

5 current chemistry less aggressive enan the one that it has been
I

6 exposed to?

7 MR. ETHERINGTON: AVT is supposed to be less

8 aggressive.

9 DR. ZUDANS: In that case, you have a bounding case f,
i
>

10 and you can assure yourself essentially that whatever happened !

,

11 '
I to this one, it is really the extreme that can happen, or at
I. .

So it is bounding.{
i

12 least hopefully the extreme that can happen.

DR. SHEWMON: It is not as simple as a one-dimensional {,) 13

stress-strain curve. There are many other ways to abuse |
1.1

i

| ,

something like this than the mechanical problems that a bounding-
I

16 i case works on.
i

l '' DR. ZUDANS: I have to agree with you if you use

IO , that kind of a comment. But I see the real piece of hardware,
i

19 'j the steam generator. It has been in the plant. I think it is
o

20 | wcrth looking at.

1

21 [ MR. BENDER: If the chemistry control is as good as
-.

72 ' people say it is, the results may be irrelevant. But we have'
-

'3 | lots of plants around the country that we have already seen'

Ace-Av ai Reporters, Inc ,
*

if not this specifi c environment.comoarable environments ,

'5 ' MR. ETHERINGTON: The new treatment, the solids'

i

!. , , .

d a t_ ia !
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1 trcitnent, we have a. lot of plants operating on this system
,

2 now and taey have operated with apparently no trouble. By the !

3| time we get the:iresults from this test, we will have three or |
!

4 four more years of experience with many plants. I suspect i

5 we won't hit anything that will contribute useful information

6 for the operation of those plants. ;

I

7 DR. SHEWMON: In that vein, the Japanese really i

I
,

8| don't have steam generator problems currently, although Mahami |

i '

t

9 was a mess. And their best explanation is that they are

10 exceedingly careful about leaks in their condensers. So that,
,

11 indeed. they keep the impurity content in the secondary down
i

'

12 f to very low levels and it doesn' t end up all being cumped. !

j - !

13 ' MR. BENDER: I am not idealistic,
s ,

14 ' DR. SHEWMON: The question is whether what comes out .

15 f of this in '84 is going to help.
i

16 MR. BENDER: Yes, tha t 's true.

17' (Slide.)
i

18 i MR. SERPAN: You asked for some discussion on pipe

19|cracxing. As we see it, some of the issues are that stainless
1

20 steel bypass and core spray lines in BWRs crack and continue

21 to crack. Design fabrication plus stress corrosion has

22 | resulted in a 370-degree crack in the Duane Arnold -- I guess

23 gyou cculd call it a 360-degree crack, but I hope not.
!I

24 / Design sensitization and stress-assisted corrosion
A ce - .ral R eporters, Inc ,

'

25 has resulted in the cracks in the KRB stainless steel stay pins,
i

f

I

il -
o. .,

. a
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I and stress-assisted corrosion cracks are now appearing in
m

2 carbon steel steam generator feedwater lines and elbows in PWRs.-

I

3| That is kind of the things that we see as problems. |
'

g,
!
i

4 We don't pretend to begin to know all of the answers

5 as to why pipes crack. But some of the reasons that we do know ;
;

. .
,

6 about are these. Some of the basic factors are the stresses, I
i

7 water chemistry and the material composition. Stresses come
,

! !

8! from cyclic thermal, residual. Water chemistry, of course, is i

9
'

important. pH, oxygen, is certainly very important for stress
,

10
! corrosion cracking. And we know of the material composition

II f abrication condition, like sensitization of stainless steel.
,

I
,

i .

12 DR. SHEWMON: Do we know anything about oxygen effect

L 13 in the PWRs or is that.only for BWRs?
i

I4 MR. SERPAN: Primarily for SWRs.i

!
.

15 DR. SHEWMON: We are talking stainless steel?
t

I6 ' MR. SERPAN: Primarily stainless steel, but it is

I7
; occurring now, apparently, in ferritic. To the bes t o f my

la knowledge, at least, I don't know that cxygen is a significanr
i

10 factor. It could be.'

20 We knew that water chemistry effects could be!

21 influenced by the temperature level, whether it is high or icw.

22 ' Different chemical species play different roles in initiation
H

P

23 j and propagation, especially with respect to the SWRs . Oxygen

0,#' 1 concentration can varv from ecuilibrium saturation limit to'

Ace Fecerat Reporters, Inc. !
i

,5 less than two-tenths of ppm, and the effects of this kind of a'

i

| _
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1 concentration range versus stresses in the operation and shut-
,

e- 9 - 2 downs I don't think are known.

3 DR. SHEWMON: Where has that work been done, the I
gs

- .

4 last point? Is that all EPRI? Is any of it work you have done?

5 MR. SERPAN: What I have laid out here is what we --

6 some of the ideas that we kn'cw about. A lot of the work is

7 from GE and EPRI, what is known.

8 (S lide . )
i
'
,

9 We are trying to get work started in stress corrosion !
I

I
10 cracking in stainless steel and in ferritic steel. And based

|
11 upon the pipe crack study group report, the kinds of things |

,

!

4 .

12 1 that we believe we should be involved in are listed up here.
,

i

(_ 13 They start with studies of the reactor coolant makeup, which j
i

!

includes the major components and concentrations of the coolant,!14

I
i

15 ' trace elements and concentrations or pH gases, concentration of

16 ! them, changes brought about in the coolant by temperature,
!

17 operations, transients, shutdowns.
,

18 ' Obvicusly, that is a large package, but those are

l9 - the things we have to worry about. Given that we can come up

l
20 / with some of this information on che coolant itself, we believe,

21 y to find out what is going on in pipes that you have got to test
e

- il
22 il them under controlled va;iation cf the oxygen-water chemistry

d
a

23 factors, stress and thermal cycles that simulate the startup ,
o
il

24 :i operation and shutdown conditions.
Ac.4.oersi seporters. ine. |

25 We would attempt to put into this program heat

w ,. , ; ..
*

,
'

f- . /. ,

|
I %) .G
|
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I variability on censitization and intergranular stress corrcsion
m

_
2 cracking, particularly for the stainless steel.

|

,

3| Alloy composition factors affecting stress corrosion

4 cracking potential; this, of course, is for the stainless steelsi

5 but also for the ferritic steels, because you can adjust the i

!

I6 alloy content to help improve your corrosion resistance.
i

Wewouldliketodeterminetheimportanceofreducing}(7

l

31 oxygen during s tartup or , shutdown, or whether it needs to be !
i

9 done all the time. And we know that is important for BWRS, andj

10 it may be important in PWRs. We feel it is necessary to try to

!II measure stress and strain in piping systems as a function of
!

!

the operating conditions. We would like to conduct investiga- !12 !

! I

i

13 ' '-

(~ tions of piping removed from service', so you can determine
|.

Id residual stresses in the presence of low-temperatur'e sensitica
I

i

!

15 | tion.

16 ! We need to try to validate GE stress. And then one
;

17 thing we would try to do would be to validare scme of the
i

I8 ' techniques like the Japanese have come up with, like the

l9 I induction heating stress improvement, or other sensitization

20 , mitigation techniques.

2I DR. SHEWMON: That covers the universe fairly.well.

|_

22 | MR. SERP AN : True,
i

23 ' DR. SHEWMON: Other people are working on it. If

24 you were going to put in a request for something next year,
Aa. .,e nemnen. w. ;

2 ~< have you decided which of that it would be?
|

| c
I ? ! '

_ i' i
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I MR. SERPAN : Which we vould work on?
,

2 DR. SHEWMON: And which would probably fit in most i

i

!

3 with both the regulatory needs and what others are doing?
,_

4 MR. SERPAN: We would probably start at the top. We1

I
! :

5! would try to get work started in these areas here as much as |
| |

6' possible (Indica ting) , and within them, try to get testing :
i

7 started. And these are some of the variables that we would I

3! stick into that testing (Indicating).
e

I

9 This would be perhaps an analytical kind of thing to
.

I i

10 ! some extent. Removal of the materials from the systems , we ;
i

II }I would put as much emphasis on as we could, to try to get those !
|
i

~

12 ; things.
|

,

!*

|(_ 13 But it is kind of hard to just go out and say, I am
!

Id going to start taking these pipes out. I think to some extent ;

i

15 we could get work started in all of those areas.
i

16 | MR. BENDER: Is there enough work being done outside

I7 / so you don't feel motivated to do anything?
i

18 MR. SERPAN: That is one of the reasons why wei

d
I9 haven't gotten into it up to this point. There is a great deal

i

20 of work being done by GE and by EPRI in this area.i

21 DR. SHEWMON: It is all done by the vendor, even

1
22 ! EPRI's work, the last thing I heard.

,

23 MR. SERPAN: But we have got to the point where it
n

24 is becoming apparent that we need to develop an independent
aa.. ..,.i n eponen inc.

' 5 "! capability to be able to assess what is being done, and we are
,

,

j
-

, , ,

, .' J ) I
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|

1 getting increasing pressure to get this dene, and we are trying I
m

- 2 to do it. We see the need to do it. We would like to do it.
| !

l
3; We think that there is a role for us in it. We are not trying |

r~ ,

4 to answer all of the questions , but we are trying to d evelop I
i
!
'

S the focus of this, which would be to develop sufficient
i

6 information that we would have -- the staff would have capabi-

7 lity to act in a confirmatory sense.

8 We cannot begin to cover the whole field. I know it
;

9 talks about it here, but we can't begin to cover every range of i

i

!

10 every parameter. !

,

II MR. BENDER: You sugges ted you might start on Item 1 ,

12 initially. That is a ralrly abstract approach, abstract in the *

I !

(_ 13 | sense that it doesn't start with any hard operating c::perience
! f

'

14 ! or experimental data. How would you start it with that point?

15 How would you deal with it, with the data that is available?
i

16 , MR. SERF AN : I guess I talked about that in the

q sense of what the experimental work would be, and I would guess17

4

le- q that we would work on that. We would certainly reviec what

191 the experience is, and we would talk to as many people in the

20 field as possible. We would reviev what has been dcne and
|

21 , not duplicate, except as necessary. We would try to review and
3

o| scope out what needed to be done before we got into the experi-24 |
o

|!

23 j mental work.
o
d24 DR. ZUDANS: On this measurement of stress and strain

Ace Ave Reponen, Inc. '

25; of piping systems, how did you plan to do that? That appears

,

f ~
i
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I to me to be an interesting item, if you could do it. i

m

2 MR. SERPAN: It can be done. One can instrument
:

'
3i piping systems. I think probably EPRI is doing that now.

-

4 DR. ZUDANS: Are any of the piping systems in any |

!

5 of the plants now under construction being instrumented, or do I
|
.

6 you -- you can instrument it af ter they are built?
.

t

7 MR. SERP AN: That can be done. |

8 DR. ZUDANS: Can you comment on that, Joe, about what

9: is going up in plants now, or whether you know of any? i

|

10 MR. DANKO: There have been attempts to strain gauge -

II some critical stainless steel lines in the recirculation system,1
l
|

I2 ' in an attempt to get some information on 'the stresses and |

( 13 strains during operation. And there are plans to continue i

!

14 these experiments, and the problem we have is getting utilities

15 | to agree to attach these strain gauges.
I
I

16 There is a program in place new to do just th a t .

I '' l DR. ZUDANS: That is the only system that is beingu

18 instrumented in a BWR?
4

19 j MR. DANKO: In the SWR recirculation system.
n

|

20 L DR. SHEWMON: Let's go on.

21 (S lide . )

22 h. MR. SERPAN: The last area that I want to touch en is
. . -

i

y

23 || nondestructive examination. Here we are attempting to establish

24 |1 improved methods and criteria for ultrasonic flaw detectionI

Ace Fouerel Reporters, Inc. d

9C
'- ! and evaluation, and for continuous acoustic monitoring for

!
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i

1 flaw initiation and growth. The objectives in the kind of ,

|m
.

2 work we are working on is: first, to validate the improved
i

: '

_.
3! SAFT-UT flaw characterization during in-service inspection.

!
1

)

4 | SAFT-UT is the system we have come up with at
i

the University of

5 Michigan. It is a synthetic aperture focusing technique. And j
i

i

6; the work has gone quite well in the laboratory, but we are now
r

7|< trying to get Southwest Research to adapt that for in-service !

l |
|

8 inspection, and they have just run into some nasty technical!

I

!9 problems on it. .

i

10 i We thought that we would have had it by now and we
i
i

11 don't.
,

12! We feel there is a need to develop real improved,
i

(,, 13 better quality real-time flaw detection techniques, and ve are
,

14 orienting our efforts next year and in the futu. i to try to do

15 | that. What that really means is that the processing has to be
|

16 ] de e much faster, so that it is literally real time. We think

17 this can be done and we intend to do it.

la We have been focusing, emphasizing our work on
a

19! characterization with UT, and now, although we are continuing
1

20 the characterization, we are moving toward the detection.

21 i DR. SHEWMON: What kind of user need letters do you
,

- ,

22 !
-

have on this, and when were they dated?

0

23 | MR. SERP AN: We don't have user needs. We have been

24 ' working on this since we were with AEC. We don't have user
Ace Avral Repor*ers. Inc.

25 : need letters per se on this work.
t
i
I

, s , 7

| bi6 L.J
;

'
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1 We are working, th e n~, to develop an improved interac- |
,

I

2 tive flaw display system, so that one can actually see what I
i

'
,

3| that flaw is, move it around and get to a much better idea of
-

i
'

4 the size and shape of that flaw. It should be very useful for

5 the people who are evaluating those flaws .

I *

6 As I said before, we are attempting to establish
I

7 the probability of flaw detection for specific size flaws. I

8, mentioned this under the PNL program, and that work I talked
!,I

!

9 about before in connection with the piping. We are trying to
'

I

i |

10 ! revise and update in-service inspection requirements for most

i

11 critical flaw types and locations, and that also will ccee under;
I
i.

12 that program at PNL. !

!

(_' 12 Attempting to develop and validate improved eddyi'
i

'
14 current in-service inspection techniques for steam generator

i,

15 tubes. This is a small work at Oak Ridge. !

!

16 i Finally, develop and validate acoustic emission and
' l,

17 1 4-*a- al friction for centinuous monitorinc of reactor structural
.i

-

|

13jintegrity. We are working to get the acoustic emission cnto a
1

i

'r. reactor. We are trying to unders_n.f right now in the labora-
d
1

20 ' tery what the signals are, and we are making good progress on

21 that.

22 We think next year we should be getting onto a reactor
a
I

23 ' for the actual continuous monitoring. On the o ther hand --

'l

24 1 DR. SHEWMON: Are you going to have cracking while
Ace Feceral Reporters, Inc.

25 | vou have it en the real reactor?
O l',Sr , u.< '-n

,
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l
1 MR. SERP AN : We don't know. We don't know whether i

m

2 it will or not. But we have got to get on a real reactor i
i

|

3; system and prove that the system can operate in a real reactor f,

(

4 system, with all of the noises going on. (
i
'

5 DOE has a very large program right now where they are i

6| on a real system and they hear noises, they hear all kinds of
I

i

i !

7| things. They have no idea what they hear, they just hear it.
i

\

!
8' What we have done is gone to the laboratory and tried to estab-

-

I |
9 '; lish what a signal means when you hear it, so that you can pick i.

1
10 f,a r eal cracking signal out of the noise. Now that we have that,!

!'

11 we feel it is prudent to try to go into a reactor and listen,

12 be able to be sure that we can hear it and pick the cracking

.I(- 13 out.
.

14 We will attempt to get in a situation like a bypass.

'

15 ; line, where there is going to be cracking.
i

16 DR. SHEWMON: You think you know what a crack sounds
,

17 I like in a cuiet laboratory, a crack mnving?.

.

:;

13 MR. SERP AN : That's correct.

19 DR. SHEWMCN: It seems to me the chances of your
i

1

20 a picking this out of the -- all of the noise in a reactor -- you

21 have enough trouble getting the operators to use something

_
22 when they have got bolts and nuts and hulks of subassc=blies

:i
23 rattling around in there.

l
1

24 h MR. SERPAN: I don't think it's that bad. You could
Aceaecerei neoorters, inc. k

25 say the same thing for detection of crachs during welding, that
<

<

,

' f- 1
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l

i
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with all of the racket of the electrical interference, with the !
I| !-m

|

2 | welding, that you couldn' t detect a crack fornation. But that :

,

I

3 has been proven and that piece of work is done, and that worked |
r,

'
Is

4' like a charm. I really don't think that it is impossiblu to do

5; th a t . !
'

- |i

6i DR. ZUDANS: I think you are comparing the patterns . |
|

!
|

'

7i You are looking for changes and you analy:e the difference
I'

B between today and yesterday. '

| !
9' DR. SHEWMON: A crack, you ha.e a distinct ping. j

!

|

10 ! DR. ZUDANS: It will show up ccmeplace in the history.!
! !

II DR. SHEWMON: What you are look.ng for is anything.. 1

I i

12 ! Crack growth in the primary pressure vess'el is the rare occur- |
! t

I

(_ 13 ! rence. You are looking for incremental bits of it, and what youl
'

I
I4 have is in the laboratory tests. It depends on the heat

,

!

15 treatment, the composition, the micro-structure and the way you
i

16 are straining the thing. And there is no theory for sorting

,

171 these things out.
I,

13 Some carticular kind of a crack in some c. articular
,

-

n

M batch of steel may have it in a quiet laboratory on a good day.
i

|

20 ] MR. SERPAN: There is theory for sorting out cracks
.I

21 from random noises, and they have been --

22 DR. SHEWMON: The question is, what does it scund like
_

:!

i

23 ,' cn this ste.el versus this steel, with this heat treatment versus
|

2# that heat treatment, and with this crack gecretry versus that
_.,- _...

. ; I
es crack gecmetry.'

o

,'
I

i -

I U '|) -
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|

1 DR. ZUDANS: That kind of resolution you will not |
s j

'2I have.
i ,

'

3 DR. SHEWMON: But that is what he has to find. He has|
-

,

( '

4 to find the crack motion in that batch of steel, in that

1
5 steam generator, with that heat treatment, out of all of the

i

i

6 i noise. |
:

7 DR. ZUDANS: That would be too good to believe. !

8; DR. SHEWMON: It may be, but that is what he is spend ;
I

9 ing money on, and the budget is going up S100,000 every year.

10 DR. ZUDANS: I wanted to ask this question. I thought !

II this was supposed to be a portable device for the field. !
i

i

I2 | MR. SERP AN : That was for detection of sensitization

13(j in stainless steel. This is for acoustic emission detection,

14 continuous acoustic emission detection of cracks..

,

l

15 | DR. ZUDANS: I have a question connecting two items,
i

!

16 one discussed earlier and one just now. We look at this

.

),/ ] measurement of s tress in piping. Didn't we talk earlier in the

1IS q conversation about setting up a ccmputer program so that ene
i
5je7 a wculd be able to call any piping system in the plant and deter-

20 mine the state of stress, and that state of stress would be

21 programmed as a result cf scme analytical solutions.
;

22 l If you think about this item of measurement and the

,3'; other one of computer programming, wouldn't it be mere appro-4

1
i

24 1 priate to instrument critical locations and provide that
Ace .. ;ral Reporters, Inc.

25 | information on a continucus basis, as another instrument

l'
l

i|| c,, , - , -
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I reading, the state of stress with some enunciator if your
,

2 stress exceeds certain points? Forget about analyzing; install ,

!
3 instruments in the ceal -- gauges in the real system and use jg-

( '

I
4 that information, use that source of information for keeping i

!
i

5' the operators informed as to what state systems are. I

i !

6; MR. SERPAN : You can't put enough strain gauges on a
'

I

7 system, and they will not hold up. They will go to pot.

I

3 DR. ZUDANS: But the system does not -- I

i

9| MR. SERP AN : I think it is a good idea to get some
,

information. We could certainly use it for validation. |
10 '

'
.

'

11 } DR. ZUDANS: On some important systems, systems you !
!

consider safety-related. There are not Uhat many.
,

12

1 i
'

ks I3 MR. BENDER: Let me just change thd text slightly.

Id Given that you are proceeding on this program, by the time that<

15 the expenditures .you preposed are used up next year, where will

16 | we be?
|

I7 MR. SERPAN: Where will we be next year?e-10 q

18
i

19 ?
!!

20 ,

21

1

- 22 N|
u

23 .
S
d

24 Jj
Aa Leral Reponers, Inc. '
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I
i

I MR. BENDER: What will we know?
i

s
|

2 MR. SERPAN: Next year we will know if we can hear ;

i

! '
signals in a reactor and if we can differentiate knowing such |3I

,,

\
\

d signals from a crack signal. And given that, we will hope we
,

i

5 will have an estimate, a first estimate, of what the severity of

6 that crack is, because we intend to go that far, that given the .

I

7) fact that there is a crack signal there, we would like to have !

! f
! l

8' an estimate of what we think that crack is, what kind of a crack!

9| it is and the severity of it.
i

l

I'!

10 MR. BENDER: Why do you think you will know this?
i

MR. SERPAN: We expect to be on a system next year h11

- i
~

and starting to listen. |12

|
1

13 '( DR. SHEWMON: Whose reactor? Who is going to let you;
!

I# run cracks through t' heir plant?

15 | MR. SERPAN: We don't have it yet. That is part of i

|

16 ' this program for next year, to get a reactor under contract, if

I7 you will, and to get it implemented.;

I0 DR. SHEWMON: With known cracks running in it?
i

19 +
4 MR. SERPAN: We would certainlv think that the bv. r. as s
9

.

20 line, one that might be a suspicious bypass line would be a
;

r

2I ; place to look.

22 DR. SHEWMON: You have got to have one running at
,

,

i

23 10:01, when the guy happens to have his instrument working.
.

i

24 1
i MR. SERPAN: The idea of this is to have a continuous

\ce 4 . al Reporters, Inc.

25 |' basis. The transducers will be placed en and they will be left,>
i

|
> _ m

e ,
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|

1 and they will sit there for a year or two. It is not turning ,

l !'

2 them on one minute -- ,

3 DR. SHEWMON: We are getting too much detail, but how ;

-

(
4 you can pick out of the soup and know that you have picked out |

!
'

5, of the soup a crack when it is not clear what a crack sounds
f

i

6|1like in the particular alloy that you have in that reactor, I |
. .

|

|
7 find very hard to follow. ,

i

r

MR. BENDER: You learn by doing. |
8| i

i

9 i DR. ZUDANS: I would like to return to the comment you;

1
10 ! made, Chuck, that the strain gauges wouldn't last, even if they!

!

are installed on systems. I would want to point out that it |Il

|

12 doesn't matter whether they last a year or a half year, because !

!

!

13(. you collect the information you want to know better than any j
,

other analysis you can do. |14

|
15 ' MR. SERPAN: I agree with tnat, yes.

16 (Slide.)i

i

I7 I want to move -- that was the end of the technical4

18 program itself, the budget review. Do you want me to go through

19 this in detail?
i

20 vR. SHEWMON: I have been watching it.

2I ' MR. SERPAN: That is what I suspected.

22 DR. SHEWMON: About six pages from the end is his
_

I,3 , budget stuff.'
,

*4 ! MR. SERPAN: I have shown on the bottom numbers in*

Acs- A ,, al Reporters, f ee !

25 | parentheses, and what they mean is, as we currently operate now,
i

|

!
I

I
'

7. (
O.
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i
'

l our budget review group has not approved those things we are
m

2 sending on to the Commission and OMB. I

I

3 DR. SHEWMON: Who is it? |-s ,

\ ,

4 MR. SERPAN: It is an internal setup in NRC. I

|
5 DR. SHEWMON: Is it primarily RES? |

I
!

6| MR. SERPAN : It is all RES. That is, before it gets

i

7| to the Commissioners and before it gets to OMB and the President'.

1 I
8i DR. SHEWMON: Do you ever go over the currency of userj

!
9 need letters? What is your interaction with DSS of their needs .

I i

i

10 and DOR?
i

II MR. SERPAN: With regard to the budget review group, |
*

|

12 they asked those kinds of questions -- why do you need this, whyf
|-

13(,, do you need that. j
i

'Id DR. SHEWMON: Is someone from DSS there who can

'I3 explain why, or do you say, "We got a letter once"?

16 ' MR. SERPAN: Sometimes t.1ere is and sometimes there

17 isn't someone there.

13 j DR. SHEWMON: I guess nexr year -- I have made a note

19 here to "let's get somebody from that shop and parricularly go
1,

20 into what the user need and interaction is." Your situation

21 seems to be much easier or looser in that regard than anybody

22 ! else I have bumped into. Certainly, the fuels people dcn't
-

!

23 have a grandfather clause permission on anything I have bumped
|

24 h|into, like you seem to have on the NDT.
Ace F6 .as Reporters, Ire, i

25 i vou say we did it before we got into that sort of

1; , ,, . .,g
%) e J
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i
4

|

1 thing so we keep on doing it. That seems to be the unique situa-

|;
s

2 tion in my experience
1
!

3 MR. BENDER: Let me ask one thing about these items |
(~ , -

'

4 that you have in the budget.
.

I

!

5 MR. SERPAN: Sure. |

I

6 DR. BENDER: If I wanted to find out for all of these i
i

7 items where you expected to be next year, where would I look? |

8j MR. SERPAN: Our zero-base budget application, I guess,|t

i

i !
i

9I for last year, for fiscal '80, and right now for fiscal '81, t

!,

,

10 that has a summary of where we expect to be in these areas,
i

11 MR. BENDER: Thank'you.

12 | DR. SHEWMON: Do we have a copy'of tnat? ,i
| !

-
t

13 MR. SERPAN: You should. .

%; ;-

I

I4 (Slide.)

15 I There are a few other things, if you want to go through
,

!
I

16 | them. The trends, I don't think that is significant. You
|

'

.

17: probably know where that is. I had addressed your ACRS recom-

18 mendations in '78 as to where we sit on those.

19 ' OR. aHEWMCN: Okay.
;

20 | MR. SERP AN : To ccmplete the HSST program, and we are

1

21 ; doing that, we revised and redefined it, and we continue working
!
i22 , on it.

_ i

23 We put a high priority en the piping reliability. I

24 think what I have showed you today reflects the fact that we are
sc. A . .i neconm. inc. i

25 doing tha: .

i

I !

< . ..
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l

i

1 Coolant chemistry effec ts on crack growth, we are not ,

s i

2 doing that as much as you would like, but we are trying to. We i
i

3 are trying to get work started in it. ,

a,,

\ .

|4 Saturation effects on radiation embrittlement, we are

5' cooperating in a program with EPRI, and we are trying to get
i

6; some money to do other experimental work.

|
7j DR..SHEWMON: that had to do with more analytical i

i,

'
!

8 than experimental. There has been a lot of work on saturation !
i

9 effects. There was more in cladding and higher fluxes than i
i

|
10 here. And all of a sudden, a year ago, it was a great discovery'.

i

11 Yet, with the benefit of hindsight, one can see that if there !

:

12 i is a temperature dependence, there probably is a rate effect. ;

I

() 13 I certainly wouldn't say that there is need for more

14 experimental programs with regard to what one can learn from

!
15 , previous work in the field, or theoretical work about what you

I

16 | would expect for this sort of a thing.,

1

!

17 , I would think that there could very well be a useful

18 I That is a matter of finding the right people and get-program.
1

19 cing their comments on it -- not sticking six more things in a
n

20 reactor.

21 MR. SERPAN: I understand what you are saying. All
g

il
i

22 i right, fine.
_

|
23 d mhe last one had to do with steam generator tube

d

424 h integrity. We are planning a program in cooperation with EPRI.
Ace Feueral Reporters, Inc.

25 0 And we are looking to get NRR endorsement of that program.
:
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1 DR. SHEWMON: Who is NRR?
,

2 MR. SERP AN : Regulation that is primarily --

3|. DR. SHEWMON: Who is it? Who is the individual?
- I

,

4 MR. SERPAN: We are starting with Larry Shao.

5 DR. SHEWMON: Noonan's shop? Is there anybody here

6' from DOR yet?
!

!

7| MR. GRIMES: I am not from Noonan's branch. I am
t
I

!

8! Grimes, from the Division of Operating Reactors, but I am not

9, from Noonan's branch or Shao's division.
i

l
i

DR. SHEWMON: Are you familiar with stemm generators?
10 |

Il MR. GRIMES : I know what one is, but I am not a metal -
|

12 | lurgist.
~

,

4 13 DR. SHEWMON: Thank you.

14 MR. NENDER: I would lil.3 to quibble a little bit with'

15 | Dr. Shewmon's comment about saturation questions. My guess is
!

16 the data is not unambiguous. There is sone evidence that the

17j saturation effect exists, and I would think that you would need
1

18 to determine wherher there is an experiment needed to eliminate

19' any ambiguity about the likelihcod of saturation if, ir fact, we
1

20 think it really is a valid observation.

21 MR. SERPAN: We think we will find out a creat deal

22 from the program that EPRI has that we are centributing on the
,
,.

123 " doccmetry side. We should find out a lot frca that. That is
,

24 '1 the very first time that anyone really has ever seen that satura-
a *E 36 Reporters, Inc.

25 ' tion at these kinds of temperatur s in generally these kinds of

. . , .

[4
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.I
;|

_ _ _ _ _ _ . _ _ _ -



pv7
121

I fluences. It came as quite a surprise.
-s. ;

2 DR. ZUDANS: Westinghouse demonstrated this phenomena
>

3 by themselves? Does that give you some clue as to how credible
,s

s

4 that situation is?

5 MR. SERPAN: No, because I think Westinghouse did an
.

6I honest, good technical job on that.
I

7| DR.'WECHSLER: You mentioned several times, I think, ;

! '
'

8 earlier, the radiation-sensitive B&W welds. Could you tell us
|
.

9' briefly the state of understanding as to why the B&W welds are
.

I

10 particularly radiation-sensitive?
|

II MR. SERP AN: Because they have a great deal of copper ,

1
12

-

in them, and they had an excess amount of phosphorous that came

'

13ss out of the weld wire and flux combination. Precisely how and

14 why, I don't know. But from an empirical standpoint, it was

15 hecause of those two things -- the weld wire and flux combina-
i

16 ! -

t tion.

I7 DR. ZUDANS: They used their own weld wire?
:l

I8 MR. Sgap AN : They started a batch of the loop that
1

Ii
he

j! they thought was hemogeneous, had the right ccmposition, and
.

,

20 h| they discovered later that the end of the roll had the wrong

2,' e composition. They aren't too sure where they used it.

22 i
_ (Slide.)

,

l,3 - As for implications of TMI-2 to our branch, one of.

,.h

, ReDOrters, Inc. || the things was the fact that Three Mile Island experienced
"

e e %. at
,

,c ;

" q pressurized thermal shock. We were certainly aware of .

i

! -

|
" /'

|
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1 pressurized thermal shocks in the past, and we were looking to

2I cooperate with the Germans to get experimental data on pres-

surized thermal shock. That is not going to come along for
3|es

k |

4 ~ several years now, out of the HDR program. '

t

i

5 DR. SHENMON: Where was TMI special with regard to

6 pressurl:ed thermal shock? We have had a rogramaspartofthe!
l

7| HSST orogran for thermal shock for years. What is special about;

|
3' Three Mile Island?

| -

9! MR. SERP AN : Pressurized. We never intended to look
!

i

10 { at, from an experimental standpoint, at pressurized thermal
!

11 shock. Most of it has been essentially at no pressure, which
i .

12 ! was also aimed at the very large break. !
'

I
i

13 DR. SHEWMON: Calculating loss of cressure.1

s_, I -

14 MR. SERPAN: Very rapid loss of pressure, and the

15 , problem with a pressurized thermal shock is that you might get
n

l16 |i that crack going and with the pressure there it could continue
!
!

17 | to drive it through the vessel wall.
1

la l MR. BENDER: I wanted to cet in context which thermal
3

i

19 shock you had in mind. Can you be explicit about what it is?
q

20 MR. SERPAN: Right at the very beginning the plant was

1
211 hit with emergency core cooling water, but it was still at very

d
22 h high pressure. That is what we are talking about.

|
i|

23 d MR. BENDER: That's not new. That has happened before.
I

124 :. Just in this particular case, it happened under scme very
sa 3tv al Reporters, Inc. N

25 | undesirable circumstances. High-pressure injection systems have

|

| -

J|
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1 been turned on many times in reactor systems.
m

- 2 I don't want to get -- I don't want to make that issue,

3 unless you really did see some very unusual -- it wasn't apparent
(~~
s

4 to me that that happened. ;

I

5 MR. SERPAN: That is true. I wouldn't want to say

6; that Three Mile was in great danger of rupture from thermal
,

1

7i shock. It really wasn't. But it did point up the fact that
i
j

|

3, these things can happen. All it has done, as far as I am con-

|
9j cerned, is to say that we need to move up the priority on trying

;

M! on pressurized thermal shock testing, because this, this kind of

11 tLing could hr.cpen with an old plant.
I
t

12 ' MR. BENDER: I am not crazy about them, about the

~

13 observation at the moment. It seems to me that if'TMI-2 is theg,
.

14 ' basis, then I would like to know that TMI-2 has displayed some *

1
1

15 ' things concerned pressurized thermal shock that we wouldn't have
,

J

~

16 ,l expected to occur. At the moment, I don't know of any.

'l
17 J MR. SERPAN: It has not.

I

!

18 j DR. ZUDANS: It has in one sense: It has seen higher
a

'!
19 temperature snocks, rather than lcwer temperature shocks which

20 i produce compression. So, you wouldn't have expected any prob-
!

i

21 ] lams of fracture. As far as cold water injection, by the tine
L

il
22 it reaches the locations, it is already mixed. And you are

~

i

L

23 quite right: There is no difference between nhat and any other
u
.1

24 j injection, that if the temperatures went high up for a short
u.e ne:mnen, inc. ||.:e s

25 period. There you have the reverse situation frcm what youi

i
iI ~

t| - <
^ '

|i

0
- - .._ -. - - - -



pv10
__ ..

1

124 '

1

l

i normally would expect.
m

- 2 MR. BENDER: The fuel went up. I don't know what

i

31 happened to the pressure vessel. I think that is the question
i{s

4 we are trying to address right now.
|

5' MR. SERPAN: Because of the hydrogen in there, we feel |

6 it would be"useful to study hydrogen embrittlement under the

7 conditions that Three Mile Island saw, and the possibility of

B looking at the integrity under hydrogen explosions.

9 But Mr. Etherington and I have had a discussion about

10 that already this morning, and he is not convinced that there is
1

i

Il ! any possibility of a hydrogen explosion. If that's the case --

12 DR. SHEWMON: You mean one within the pressure vessel?; ,

() 13 I would agree with him. I think t,he NRC just screwed up.

I
'

I4 | MR. BENDER: And why isn't hydrogen embrittlement a

15 | problem?
t
i

16 | MR. SERPAN: Because of the high level -- the high
.

I7 | amount of hydrogen that was generated in there, and it was at
1

13jhightemperaturesalso.
d.

I9 ' DR. SEEWMON: The hvdregen embrittlement is a low-
!

:

20 ? temperature phenomena, not above 100 C.?

21 MR. ETHERINGTON: It is a low-temperature phenomena,
- u

_, 22 h but it arises from a solution with hydrogen of a high tempera-

23 ture. So, we have the high temperature at which the hydrogen

,.1
could have dissolved at high pressure and then the cooling, you"

-ce Am., at Repor'ers, Inc. ]

25 " would get the crack.
1 |.J :u
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i

1 DR. SHEWMON: Depends on how fast that came out.
!

-

m 2 MR. ETHERINGTON: Yes.
|
,

3 MR. SERPAN: This is a small effort, and we are look-
'

(' l
' '

4 ing at an analytical effort at this point, not experiments at
.

~

I
l

5 all. {
l

MR. ETHERINGTON: Analytic is all you are talking6,
,

1

7 i about?
I

'

I

g! MR. SERPAN: Yes. Analytical, not experiments.
i

'

gi Item 3 is inspection requalification after accidents.
,

10 DR. SHEWMON : When you do that, why don ' t you talk, or:

11 you might contact an oil company to do it, because the API has !

!

12! had programs for some years on exactly this. t

!
'

*

(, 13 MR. SERPAN : With regard to a requalification after*

j
.

I
14 accident, much of that work has been focused on other branches.

!

15 We think there is some that we could do on acoustic emission,

t

16 ; detection of cracks during hydro testing. That is all we have

17 attempted to try to get.

1
la | Off-normal water chemistry, we believe there is work

l
19 'I that needs to be done there, but that has been put in the Fuel

!i

20 ' Sehavior Branch. That is not for us to work on. That is an
i
t

J

end#11 21 j internal decision, I guess.
1

il
22 j

'

J
o

23 f
:!

24

.seJw ..al Reporters, Inc. ;

25
h
fl

li : ; 'i
|

-
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r I MR. SERPAN: In view of the time --~N

-

2 MR. BENDER: I would like to re peat the point that

(~' 3 was phrased earlier regarding the decontamination and

4 containment part of the system. That may not be in your

5 branch, but it does seem to me tha t i t ought to be.

6 MR. SERPAN: We t houg ht so.

7 MR. SENDER: The question of materials integrity

8 ought to show up as parts of the.se kinds of programs where

9 the metallurgical ca pability is.

10 MR. SERPAN: We thought so, too.

Il MR. SENDER: I am surprised the NRC isn't doing it

12 that way.
.

13 MR. SERPAN: In the initial shifting of the f'unds

(,. 14 between branches up in research -- that kind of work has
,

15 been pu t --

16 DR. SHEWMON: Would you like to get something in

17 the letter to the Commission on fission clean-up. I would be

la plea sec to inquire about how it is going to ce cone, and I

19 would be pleased to second it.

2C MR. BENCER: I tnink we neec to put sometning in

21 t he letter, anc also I think we neec to emphasize tne neec

22 to use people that are co mpe ten t in the field. Just as you

23 made the poin: acout the adequacy of the chemistry

24 capability in tne NRC, I am concerned about their putting

25 the wars in the wrong place. And I tnink we ougnt to say

i

I b
-

,we ammwe- -.e.em ww a
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mgc 1 some thing about i t.

2 MR. SERPAN: That's all.~'

3 DR. SHEWMON: Fine, thank you.

4 Would somebody scope me on what is going to happen(~s
5 next on the program -- who is here to talk about what?

6 MR. BOSNAK: There are three of us, and each one

7 will get into the tec hnical a ssistance contracts for their

8 branch, however, in wha te ver de tail you want to go into.

9 DR. SHEWMON: And the three branches are?

10 MR. 30SNAK: Mechanical engineering, materials

11 engineering, and structurel engineering.

12 DR. SHEWMON: That is the first item. What about

13 the second i tem? Yes?
.

14 MR. LIAW: Division of operatin reactors in the

(- 15 same area, materials, mechanical and structural engineering.

16 DR. SHEWMON: And t he in pu t is again the set of --

17 i s this printout that we have in our f older, here. Is that

le what -- w ha t is your pleasure on how you want to handle

19 this.

20 Have you nad a chance to go tnrough Enem?

21 MR. BENDER : I got it last night. It wa s no

22 readable, and I couldn't go througn it.

23 DR. SHEWMON: I have que stions on some of them. I

22 would be in te rested in yo ur comments. One of the tnings

_.
25 t ha t came up tocay had to do with the interaction between

E
L i ,,

- - _, . _ - . . . - . - . - .-
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mgc I you and the research program on user need le tters or staying
m

2 in touch with the results they are finding and how they get
-

3 used in your program.

4 I guess one of the things that came up at the last(*
5 meeting not long ago was how this gets f ed into regulatory

6 decisions and the degree to which NRR has defined what their

7 n.eeds are, and you interact with the program here to see how"

8 this need i s f ulfilled by the program.

9 Would you comment on how that works.

10 MR. BOSNAK: I speak more for our own programs.

11 We have a user's request that went to Research several years

12 ago in the area of design for the effects of pipe break.

13 That has continued for several years. We don't feel we are

14 in the position to use any of the results at this point for

k, 15 licensing needs.

10 One of the problems is that we don't have the

17 personnel resources to follow through on some of these

15 users' requests'. We di d ha ve w ha t I consider to be a good

19 visit with one of our people and the personnel f rom the

20 Researcn Branch doing the work whicn is Dr. Serpan's branch.

21 We visited various arcnitect engineers to stucy just what

22 t he practical problems were in the plants f rom the point cf

23 view of designing for t'.3 effects of pipe break, given t r.a t

24 pipe breaks -- the empnasis has been on stucies of crack

25 initiation, crack growth, and, well, pipe s break.

-

<- : 1
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mgc 1 But we do have criteria that pipes must be

2 designed for pipe break. Given tho se , how did you go about''

3 designing f or them in a practical way?

(" 4 So the programs have taken quite a while to

5 develop. We hope that there will be the use that we can put

6 them to in a practical sense. We have had another program

7 tna t we have turned over to Research that we have had good

8 results on, and tha t has been the verification of the

9 benchmark programs for compu ter code s f or, in this case,

10 piping analysis.

11 Those are the only two examples tha t we have ha d .

12 Again, perha ps it is a problem on both of our parts that we

13 just don't get together of ten enough to discuss where the
_

14 program is headed. I don't know if any of the other people

(' 15 in materials or structures want to add anything to that.

16 MR. CONRAD: I am the Section Leader of Metallurgy

17 in the Materials Engineering Branch. I think, just to put

15 some perspec tive on what we do with our technical a ssistance -

19 progracs, we really have very limited resources to werk with

20 when it ccmes to te chnical a ssi stance .

21 Cur typical technical a ssistance prcgrar .s about

22 550,CCC. . o r t ha t amount of money, you coule procaoly buy

23 one or two experts f or a year or part of a year at one of

24 the national laboratcries or other sources that we can draw

25 u pon . So it is a matter of making the be st use of limitec

,.
-

u -
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mgc 1 r e sour c e s. And with these technical assistance contracts, I

'' 2 think what we try to do --
_

3 DR. SHEWMON: I am not talking about te c hnic al

|'" 4 assistance. The question has to do with the guidance and

5 interplay between Research and you people on Research's

o programs and how it will help regulatory decisions or impact

7 regulations.

8 MR. CONRAD: Wha t I ha ve to say will lead to that.

9 CR. SHEWMON: Yes.

10 MR. CONRAD: What we get f rom the technical

11 assistance programs is mainly someone who can review and

12 evaluate what is being done -- what is proposed to be done

13 in the respec tive fields and perhaps do some analytical work

14 and bring us up to the point where we identif y a need for

(_/ 15 some experimental work. .

16 At that point where we identif y a need for

17 experimental work or testing, then we go to the research arm

18 through tne mecnanism of the user's need, the request for

ly researcn. I think one of the uses of our technical

20 a ssistance programs is to get us in the position to

21 intelligently generate a user's neeo request.

22 CR. SHEWMON: Let's say that you general a user's

23 need le tter in 19 77. Is it upcated every other year, or is

24 t na t scrt of a license forever?

25 MR. CONRAD: Just to use an example of wha t we

,.

. - - -- -_. __
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mgc 1 have right now, we are just about to transmit a user's need

2 request to Research in the area of hydrogen generation
'.S~

3 within containment f rom reactions be tween corrosive fluids

('' 4 such as the ccntainment sprays and materials within the

5 containment. As part of that request, we are asking t ha t a

6 Review Board be established which would contain members f rom

7 our branch, DSSs branches who have interest in that, DDR and

6 o ther intere s ted 'NRR bran ches including re search, tha t will

9 essentially f ollow on with those programc.

10 And we hope this will probably be a mechanism to

11 take care of this coordination problem that you are sensing

12 here.

13 DR. SHEWMON: For that particular program?
_

14 MR. CONRAD: Right. And certainly any f uture

(_- 1,5 programs we prepare will have that f ac tored into i t.
*

16 DR. SHEWMON: Anything under a grandf a ther clause

17 is good forever.

18 Mp. CONkAD: No. We talked to Chuck, and one of

19 he purposes of our technical assistance contrac;s is to

20 ave experts acailaola ;o use who are evaluatir; wna

21 esearcb nas done in t.me field, including our own researcr

22 nc acvisir.g us now we can facter nat research in:o our

23 icensing cf new clant:.

24 We ar? concerned in DSS in implementing the

25 esults in :ne new plants. We are not concerned witn
_

$

Y, 9
gw
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mgc 1 backfitting or what we can do with current problems. We are

2 trying to take a little longer range view.
-

3 MR. SENDER: Is there any visicle evidence t ha t

'' 4 the researcn organization has that you concur in their plan

5 from year to year?

6 MR. CONRAD: Actual concurrence?

7 MR. SENDER: Yes.

8 MR. CONR AD: I think through these review groups.

9 Some of the programs nat we have do have review groups in

10 existence. There is concurrence to the extent that the

11 discussion on, say, the next year's plans are talked over in

12 that review group. We do get the program plan from Research

13 every year, and we provide comments to them.

14 MR. BENDER : I interpret tha t a s being, if there

k/ 15 .is a review group, the re is a review. And if the re i s no t a
,

16 review group, there is no review.

17 MR. CONRAD: As I said we do have limited

la re sourc e s.

1y CR. SHEM"0N: In wna: areas are there review

20 groups?

21 MR. CONRAC: In :ne fracture tougne ss , w hi c h I

22 :nink Ron Gamole will accre ss, if you want. We don' t have e

23 current user's need in the metallurgy area, so we -- we do

24 have a membership on the review group tnat covers the

_

25 programs relateo to boiling water pipe cracking.

'

c. ,
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mgc 1 DR. SHEWMON: Review groups are what? Are they an

m
2 annual information reading?

3 MR. SERP AN: The review groups are groups that

f' 4 research funds to periodically listen to what is going on in

5 the programs and advise Research as to whether the work

6 being cone i s w ha t w e wan t to be done and what needs to be
.

7 done. And we ha ve review groups in every area of the

a program. We have them in corrosion steam generators, in

9 non-destructive examination, in primary systen i n te cri ty.

10 DR. SHEWMON: Can you provide us with a lis of

11 what review groups you have and who sits on t..em in the last

12 year?

13 MR. SERPAN: Yes, I think that is prob-oly
,

14 a vai labl e . We can do tha t. We have these meetings as often

a 15 as we think are nece ssary, and usually it is a couple of

16 times a year for all of these, and we review different parts

17 of the program. We bring in specifically peo.cle from the

la licensing staff so they can tell us what they wan t.

19 CR. SHEWMah: The only people on the review group

20 are COR and DSS people?

21 MR. SER.LAa: .nere are two categorie s of people on

22 the review groups. One category are true T.emcers, and :r.ey

23 are NRC employees. The other people are consultants, anc we

24 can have bo tn kinds of meetings. They are bo th review

_ 25 groups. We can have mee:ings with outside consultants,

.7., ! IT. ? |
J ~

__ _ . .
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mgc ! which has been a much more general kind of meeting but it is
m

2 still a review group where we criticize these program.s

3 We also have review groups where only NRC members

-

4 are invited, and those meetings are generally when we are

5 going to decide exactly hev we plan to change a program, or

6 if this is exactly what the staff needs.
' ~

7 DR. SHEWMON: Who c hair s i t , and who writes the

8 re po r t f rom the review group?

9 MR. SERPAN: The review group chairman, Joe

10 Mascara, Pedro, or myself .

11 DR. SHEWMON: You people write up what other

12 people think and review your program, because you look upon

13 it not as a way to decide whether you should continue the

14 program but how you should reorient it as it continues?

/ 15 MR. SERPAN: Both things. If our review group-

16 tells us to describe a pie ce of work , I think we would ha ve

17 a pretty tough time kee ping it going.

18 DR. SHEWMON: They can' t mee t by themselves. You

19 always write the report.

20 MR. SER?AN: Tha t's true. We call a meeting, out

21 :nere is no reason tha t they can*: get togetner by

22 tnemselves and talk, and I know they do. They do talk about

23 it, because it is obvious when they come into the mee tings

24 sometimes that : hey have been talking about it, and they

_ 25 know about it. But we are in contac t with these people,

O.

r. L: oa
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mgc ! and they are in contact with us, and we do review these

~s 2 programs, and the programs are changed.

3 I ha ve to take issue with the grandf ather issue

-~ 4 that we have a le tter and we just do this thing f orever.
i

5 They are, indeec , c hanged,

o DR. SHEWMON: I'm sorry. I didn't say that they

7 didn' t c hange . But they do keep going. I asked you about a

8 user need letter on ultrasonic inspections, and you said we

9 have been doing that f ore ver, so we don't have a letter. We

10 did it in year one.

Il MR. SERPAN: That's right. When we started. Tha t

12 i s correct.

13 DR. SHEWMON: That is wha t I call a grandf ather
.

14 clause.

(,, 15 MR.SbRPAN: That's what we call it, too, and we

16 have' continued to do tha t. We ha ve completely changed,

17 then, vnat we are doing in tha t piece of work now, and we

16 would like to think that it reflects what the licensing .

iv s taf f n eeds.

20 This is wnat we con tinue to get from them when we

21 m ee t on it. That's all I can say.

22 .V R . AL5RECHT: We nave en the average abou: two

23 meetings of the review groups, for excmcle, the vessel

24 integrity and the piping in the spring. We have a mid year

25
.

review group to wnich all of the licensing staff is invited.

'

#

t, _.F<
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mgc I bo right there there are three mee tings -- three

,

2 offici.> mee tings.

3 DR. SHEWMON: It is your meeting at which they are

4 allowed to ';ome in as visitors. What I am interestec in is,.

'

s

5 if ever tney go back and see if they want to recertify user

6 need groups within an error, to what extent new proolems ge:

7 f ed in, end whether they are always visitors or whether they

8 end --

9 MR. ALERECHT: They don't come in as visitors.

10 They come in as active pa r ti ci pan t s .

Il CR. SHEWMON: But i t is your meeting, and you

12 write the conclusions.

13 MR. AL5RECHT: Obviously, it is a technical

14 meeting, and we will typically -- we will write agreements

k' 15 and commitments at the se mee tings. So it is not our

16 conclusions, because tney are not going to sign those

17 t hi n g s , tho se agreements anc commitments, unle ss they agree

la with thim.

19 Anc we are neld to them as much as they are.

20 VR. SENDER : I :nink tne coin that cause s me some

21 concern is tne fac tna; the review group is mace Jo of such

22 a mixture. It is really nc: clear that the voice of :ne

23 regulating arm of the Commission is acequately representec.

24 I am not meaning to say that the review grou p _ sn' t very

_
25 ccmpetent. I am sure they always are . Eu; it is nard to

,
,

6 - '

,
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mgc 1 to discern whether the so-called users virtually are

^' 2 consciously expre ssing an opinion about the value of the

3 program. I don't believe they nece ssarily ought to be

{^' overriding in their opinion , but it seems to me we ought to4

5 have something tha t is more concrete.

6 And f rom wha t I hear, you aren't getting anything

7 exce pt as it is provided by whatever voice that review group

S has.

9 MR. AL5RECHT: Le t me give an example. Last week

10 we had a meeting with the licensing staf f , DOR, DSS. There

11 were representatives on the testing of the second and third

12 specimens of the second and thirc' irradiation series at Oak

13 Ridge -- what they told us that they needed by the end of
,

14 the year -- and we have redirected the te sting program to

(s 15 , a ccomoda te tha t.

- 10 The re is a very close interaction between

17 licensing and ourselves. Pie follow as much as we can their

16 desires. We recognize we are here to serve --

ly 'fR. BENDER : They, being wnot?.

20 MR. AL5RECHT: Dick Johnsen f rca DOR and Rcn

21 Gamele f rom 055.

22 MR . S EiiUER : Th en l e t me ask them. Oc you feel

23 t ha t you are ge tting the kind of input to the programs that

24 is neeced? Do ycu wholly sanction what is being done?

_
25 MR. JOHhSON: You get a cualified yes. ?!e have

; '_ ' [) i
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mgc I satisfacClon. Obviously, 1: is a ma tter of degree as it is
-

2 with all human endeavor.

3 MR. BENDc2: Thank you.

-
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t-13&l4 mte 1 |
I MR. LIAW: In the area of the steam generator integrity

-s

1

2 in addition to the review group, where the licensing |program,

3I staff expresses our cpinion on the progress of the work, therw
t 1

4 management of DOR, for example, also gives their input f rom our

5 own staff and officially transmit a letter for comment on the |
'

6| program themselves . One example is the steam generator
,

! |

integrity program. We now feel that the test portion rate of |7!
! I

8 the program was not going as well as what we had expected; the j

i

9 leakage rate test, it did .;t go as well as we hoped it would. |
i10 We did not hesitate to transmit an official comment, i

I !

11 ;j through our management, to RES management. And appropriate |

|.,

12 | action, I trust, will be taken to correct the situation. ,|
i'

-
I3 .DR. SHEWMON: Have you also written a letter in that

I.

14 area explaining why you think it is worth the time and money to

15 } move the Surry generator across the country and work on it for
,

i

I
16 several years out at PNL?

MR. LIAW: Are you changing the subject?'

18 ' DR. SHEWMON: I am still on steam generators, and I

10'
am talking about the largest steam gene _ator budget item for

20 the next couple of years. I didn' t mean to interrupt your

'l train of thought. It has been primary in the discussion this'

22 i morning.
,

23 -
1 MR. LIAW: Before I go into that, let me finish up
1

24 ] what I had, when I was commenting. The review process is being
Tce-ht2eral R eporters, IrtC.

I
'

25 ; carried in the general terms -- I wanr to emphasize that, in
i

,
,

*
/ 't} - |

!
,g.

! 2uJ |
i
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I .

I addition to the review group, we also transmit officially our
-

2 comment to RES to rectify whatever shortcoming we see.
I

3 i And your second question, on the Surry steam generator:~.

4 Yes, their research need request is outstanding. Mytnderstand-

5 ing was they are working on the detailed program as well as the
i
l

6 moving the generator to PNL. That is the front-end work, and
,

7 we trust that research people are capable of doing that. I

i
!

8 don't see a need for us to interfere at this moment. j

! |

9 DR. SHEWMON: But if you start with that, it is a j
! ,

10 | S5 million commitment. Have you looked at that? And I pick |
1

Ii

II | S5 million randomly, but the program is running on the order of !

l
I.

12 a million a year. I

i
'

(- I3 | MR. LIAW: 55 million,.in the order of $5 million '

;

14 when research originally made the request.

15 | DR. SHEWMON: It is your feeling -- and it is |
.

16 ! explained in the letter why you feel it is worth that kind of

,,a
'' l money to you?

.

'|
13 MR. LIAW: Yes, sir.

I9 DR. SHEWMON: And we can get a copy of that letter,,

.

I

20 | I trust?
I

21 i MR. LIAW: Yes, in the user request.
_

22 DF. SHEWMON: Isn't that what we are talking about?

O
23 MR. TUROVLIN: That is not in the review of the move. ,

2# DR. SHEWMON: I am not concerned about moving. Eut
Aceberal Reporters, Inc,

m.,
.;if you are going to move it all the way across the country , then"

b
.

'

} . o
,
m a,

3,

.l
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1 you are providing job security for 50 people for X years out
-

2 there. I would like to know what's the basis -- that we are |
!

3 I thinking about it before we start it.
r

4 MR. LIAW: As I say, we have a request. What. we'd
'

I

5 like to do is outline the scope of work. And as far as the |
!
'

I
|6' moving of the generator or a section -- - .

7 DR. SHEWMON: If I said " moving,cI'm sorry I set you
;

!
'

8 off, because I only am concerned about the long-term commitment
I

9 to work on that thing and whether you people have looked at it ,

i

10 and feel that it is really -- you are going to get that kind |
.

!

11 of results out of it for that magnitude of money. I
.

l

l

12 I MR. LIAW: Yes, we did. -

!

13 MR. SERPAN: We have a built in go; no-go on this(
i,

14 thing. It is true that we are trying tc commit the money to

'
15 get it out to PNL. We are talking on the order of $1.5 million

16 to get it out to PNL. We are not necessarily mortgaging our-~

17 [ selves for another 55 or $10 million by that action. We get it

18 out there and once we get it out there we will have a final

19 ] conceptual design and firm costs for the construction of the
20 facility. We will also have a final review of the entire

21 ' research program.
!
,

22 ! If either one of these things shows that we co net
o
n

23 want to continue with this Srogram, we can stop it, and we

240 intend to stop ic if necessary.
.ral Reporters, Inc. |'Ace-
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|

1
deal, because we can do a great deal of NDE work and characterize

Is i

2 the entire steam generator tube layout. We can use it as an
i

3 NDE device and run it for maybe a half year, and then we can !
j-

( |
.

4| get rid of it. We can bury it out there and not put another |

Si penny in it. |
| i
i

6! So we do have a method to -- we are not guaranteeing --

|

7' DR. SHEWMON: The reason we are particularly interested

in the other people's comments is that if your review group is8

| !

9| your contractors and yourself, who have a certain tendency to i

,
!

{ .

want to maintain budget, then the review may be somewhat less >

10 | ;

i

11 i critical than if it is from somebody who at least has some sort
i

!

12 of a tradeoff in mind. -
ii

13 MR. SERPAN: The review group, the consultants, as*

(,
~

14 it were, are anybody we would like, and they come from the ,

15 vendors, they come from national labs, they come from univer-
1

16 sities. They are people that we find across the country,
i

17 , regardless of their af filiation, that have a gccd technical
i

la , background.
i

19 -| DR. SHEWMON: I am sure tney are technically sound.

1
20 : It is just that you never put to them the decision: We have

i21 ; 51 million to spend this year. Do you think it would be best
il
1

22 !j to spend it there er on a completely different project?
o

23 MR. SERPAN: The rules of the review group are, with
1

24 the consultants around, they are not asked to decide whetherJ

A ce -, eral Reporters, Inc. !
!

25 ' that is the thing ec do. On decisions en money, we only talk
i

y - , .o-.

n . tou-
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'

1 about technical matters with them. We talk about, where is the
m

2 priority for money. That is an internal question and we talk

!
'

3, about that with the NRC members , we do indeed. And we make
, iem
l i

4' decisions as to where the money goes in those meetings. And we j

5 get input from them, but we are not allowed to have external ,

!,

6; people who are not within the Commission make decisions on i

|

7' where the money goes.

8! Those are just some of the thoughts, some of the
,

| \

9; rules.
!

10 MR. ETHERINGTON: They wouldn't comment? They |
i

I

11 couldn't comment on whether it is worth doing? |
i
i

! .

12 1 MR. SERPAN: Yes, but we are not bound to take their ,|
|i .

5 word, and we do not seek that, kind of an opinion from them. {(,, 13

!
14 That is the way the review groups go.

I
!

15 ; DR. ZUDANS: Just a question, because it wasn't
I
i

16 | discussed when you made the presentation: Why couldn't you
|

17- just do the job on the steam generators where they are now?

18 ! You would have an extra 1.5 to do it.

19 MR. SERPAN : Surry won't have any part of it. They

-

20 .1.have a vault for the storage of the steam generators. They are
1

I putting them in the vault and they are closing it up. Anything21

~

22 H that is done on the irradiation exposure goes on their license,
li
;l

23 !| and they cannot tclerate any more.
J
h

24 j DR. ZUDANS: I think this is more like -- it is not
Ace L<ral Reoorters, Inc. |

25{a technical problem; it is a problem tha t is either publ1}c
+ ,
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i
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1 relations, legal or something.
m

2 DR. SHEWMON: Surry is not in the research business. j

3 DR. ZUDANS: They don't have to do it. They just |7,

4 allow to provide the space for it.

5 MR. SERPAN: No. We have investigated that and it !
.

I

6! is not possible. -

;

!

7 DR. ZUDANS: All right. I
!
i

8; DR. SHEWMON: Okay. Let's go back to the technical
!

I
9' assistance programs. I have got several that are dog-eared ;

i

10 here and that's it. Do you want to bring up other questions

11 on it or here -- go through a list or have a list read to you? |

12 MR. BENDER: I would suggest that we go with comments . ,

(_. 13 DR. SHEWMON; Okay. One question I had here is, do

'

14 you bave any work on environmental effects on pipe cracking?
|
,

15 | And let's start with carbon steel. What are you doing in that

!

16 | area?

17 MR. CONRAD: With carbon steel environmental effects?
q

'I
t

12 ; At the bottcm of our handout for materials engineering --
||

IG l DR. SHEWMON: You have a handout?
I,

.I
20 1 MR. CONRAD: Yes.

(

21 i The program is entitled --
1

_ 22 j DR. SHZWMON: Why don't you go on up to the podium.
i

23 1 (Pause.)
,

24 DR. SHEWMON: If you have a handout, tell us about it.'

Ace-bederal Reporters loc.

25 " MR. CONRAD: I am with Materials Engineering.

i '
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1 (Slide.) i
'

|s
,

2 The Materials Engineering Program is proposing a new |
1

I
3 program to address corrosion of ferritic steels. This program,,

(

4 is essentially to evaluate the mechanisms and the corrosion

5 fatigue behavior of ferritic piping steels in environments of !
!
i

6 light water reactor-grade water and secondary water. The |
I

l7' purpose of the program will be to evaluate the corrosion ;

i. i.

8| mechanisms and determine how to factor lessons learned into the |
|

9 licensing process.
;

i
10 | We also would like to look into corrosien mechanisms i

:
11 in the mactor vessel steels in the presence of crevices,

12 specifically cracks in the cladding on redctor vessels. This
r

I

(_, 13 program is especially timely now because of the recent outbreak |
'

l,

'
14 of cracking in feedwater lines in pressurized water reactors.

! i

i |

15 ' (S lide . ) '

16 DR. SHEWMCN: And that is -- there is secondary and

17 safety system corrosien that is at least not crack grcwth,

la 1 general wastage or what?
1
H

i19 MR. CONRAD: The secondary water chemistry. For ourq

a,

20 licensing of new plants, we hope to arrive at a point where
,

21 ? we can identify rational requirements to be placed on the
]

221 concrol of secondary water chemistry in reactors. We hcpe that
:
1
4

23 q we can arrive at something like a technical specification

24 qrequirement.
Aceherai Reporters, Inc. ]

25 i Right new we are asking for certain licensing
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1 conditions with the emphasis en surveillance, namely, of |
j-s

2| instances of in-leakage in plants. But we hope to arrive at |
1

| ,

i

3I the point where we understand enough about the corrosion !

(~' |
t i4; phenomena in secondary water steam generator tube and component i

4
.

I !
i

I
5; interaction that we can arrive at a set of technical specifica- '

I

i
6i tions that can be placed on plants similar to the prid.ary

7 coolant requirements that are in technical specifications. But

i

8; a lot of work will, of course, have to be done before we arrive
'

t

i

9 at that point.
I

10 1 DR. SHEWMON: You can talk with the Japanese, but
I

i

11 | also you will talk to what i; being done in this country by
'

i

*

12 some of the -- |
;

13 MR. CONRAD: Right. EPRI is working in that area , j(.
;

,

14 ; which we follow, in the secondary water corrosion chemistry,

i

15 : c. lus cerhao. s better methods of surveillance.
,

.

i

16 [ DR. SHEWMON: One of the -- it may have been Pilgrim,
o

!!
17 !! I don't know. But there was that utility system; I recall one

d
18 I cf their cerrosion pecple was here for a meeting a couple of

,l'
19 L months aco , and his cc= ment was that they have brackish water

1
'i

20 J as coolant on their -- in the Delaware Bay or wherever, and
.

1
21 ' when they could detect an _ncrease at the per billion level in

22 sodium, in parts per billion, they went in to find cut which
,

,.__

,r !
,

22 n part of the condenser it was in, which one of the six pans it
i

t'
24 collected in, and they would close that off and go find the

.r.i a.coners. inc. |A ce - ,

25 j leak.
Il
o
|6

I
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1 Are -- is EPRI the one surveying what their current |
is
i

2 practice is? '

,

3I MR. CONRAD: In CSS, we don' t get into the operating - |,
|
,

4 procedures of operating plants. However, our feeling is that |

5 the key to helping with the steam generator corrosion problem
i

I i

6| is the cuick action if there is an ingress into the system. I |
> i

,

7 think Three Mile Island, one of its lessons learned is the !
I
i

8i utilities themselves would have to develop in-house expertise
,

i '

9i in these areas, and certainly take on a -- perhaps a heavier ,

!

10 , commitment upon themselves to follow all of these various
i

11 areas where perhaps NRC has some criteria, but not detailed !
i. .

12 step by step criteria.
. ;

,

!

(j 13 And I know that the plants that have had the less
,,

i

14 , problemc with the steam generator ingress or resulting corrosion!
i

!15 are the ones who have always followed very conscientious
!

l16 h programs , such as the one that you are speaking about,
t

4

17 || DR. SHEWMON: I guess the reason I keep probing this ,
,i

'

la |t| in view of that kncwledge, what are you going to plan to do
o

!

19 here? Are you going to study corrosion mechanisms in case you
i

i

20 ; crud up your system, althcugh we all agree that once you run
'l

21 j scawater through it it does correde faster?
:!

-

22 p MR. CCNRAD: We hcpe to arrive at the point where we
11

ii
23 can understand enough about the corrosion mechanism so that

,

,

$4 'j the early warning aspects of when you are starting to get in'

"

Aced eral ReDOrttfl Inc. j
,

*C"g trouble can be identified, so that we can place emphasis in our

i

I

,
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11 licensing requirement on those particular aspects. We can't -- |
I

r> |

2 as I said, our technical assistance programs really take a look
i

3! at what is being done now and what is proposed to be done in ;'
s,,
|

4| the future, and then considering how we can best f actor that>

|

5 into our licensing actions, make proposals to our research i

.

6|
group for longer-range testing and so on, to answer the !

l
i

7' unanswered questions that we need to develop criteria. i

i

8: MR. BENDER: Let me try to understand your program j
!

9 a little bit. Do you have something called corrosion and '

i

10 coolant chemistry Ehat is identified as A3013, and the !

11 contractor is Brockhaven National Laboratory, and in FY '79 |

!

I12 i you had $80,000? You are going to phase that out next year
I

13 and you' aren' t planning anything in '81? |(
14 , At the same time, you are initiating in FY '80-81, i. ,

I

i

15 i something called secondary and safety system corrosion and -

l
i

16 ' something in FY ' 80 called primary system corrosion. -

17 " T am confused. Why are you stcpping one and starting
d
'l

IS anc the r , and where is the conrinuity?
i

19 MR. CONEAD: It is a problem of available resources.

20 1 The current program -- two other programs are in effect a

21 pt carry-on of the corrosion and coolant chemistry program which
t

22 ', 3rcokhave is doing now. We have experienced not being able to
"

\\
q

23 L get encugh manpower at Brockhaven because of och r commitments,
!

24 such as DOR, which has priority. So what we hope to do is
Ace -. .ral Reporters, Inc.

25 h either get firm commitments for more manpower to be placed on
F

i

I
i

!
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1 our problems or go somewhere else. And to facilitate the use
m

2 of our resources, we have broken it into two different
i

i
3 categories, two different programs. |

(' i
.

|
4 MR. BENDER: Basically the plan --

S' MR. CONRAD: The continuity is there.
I. !

6! MR. BET. DER: -- to maintain some effort, and you may
i
'

i

7 be shifting contractors? |
!

!

8 MR. CONRAD: That's right. The continuity is there.

9 MR. BENDER: There is something down here called

10 protective coatings that is going to start in FY '80. That is
,

< .

Il a new one on me. Where did that come from?
I :

12 MR. CONRAD: Perhaps Ron Gamble'could address Eba t
| |

.

(,j 13 one. That is one of his programs.,
!
!14 DR. SHEWMON: You are both in DSS?

|

15 i MR. CONRAD: I could say a few words about it.

16 DR. SHEWMCN: Is DOR -- we get to them later? It
!
.I

,

17 seems to te the concern about secondary water, if indeed tnea
,1

f

18 , NRC is willing to take that on as a matter of policy, it ought

19
d

have some interest there, too.

1

20 / MR. GAMBLE: Protective coatings is a new program.l
21 This is very recent, probably in the last month or so. The

22 idea of this prograr is to evaluate the protective coatings
,

ti
,

23, with respect to serviceability and response to chemical,
1

24 thermal and other conditions that you might see in a reactor,,
a ce., .c.i neoonen, inc. ,|

251| vessel or in a reactor in the normally postulated accident
il
V

. E , ', -
)'
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I conditions.
m

2 Right now the NRC has no criteria or no review areas

3 for protective coatings, and the idea of this program is toe ..

4 look at protective coatings, review protective coatings that
1

5 are currently used, and develop any criteria that are necessary
'

6| for acceptance of these various coatings in nuclear plants.
I

1

7 MR. BENDER: Primary piping, secondary piping, |
i
t

a-13 3I containmant? What is it that you are investigating. |
I I

l I

9 i MR. GAMBLE: Wherever coatings are going to be used j
| '

10 in nuclear plants .
!I
'

1 1 '' MR. BENDER: Why '80 and not '79? |
.

MR. GAMBLE: '79 is halfway finished. |12 -

k' 13
*

DR. SHEWMON: We have been reviewing reactors for
,

i
'Id years. Why is it it is of concern and interest to you now?i

1
I

15 MP.. GAMBLE: The coatings are put on in many cases,

16 | for example, to help prevent corrosion. If coatings flake or

l' 3i spall or come eff, you may have corrosien that you didn' t
:
:1

1^ j anticipate because the coating was on there. Also, during
4

19 jsome scrr of accident conditions, such as Three Mile Island,
!

20 j you may have radiation effects cr temperature effects that wculd
1

21 j degradate -- degrade the coatings and they wouldn' t be able to
:

F
22

_ perform their function.

," :
As I understand, the coatings scmetimes help in

i
24 .deconramination, and having the coatings spall or flake off

Ace-6 eras Reporters. Inc. ,{

, c ]i would make it more difficult to decontaminate, if that were"

*

.
.
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1 necessary some time in the future,
n

- 2 This is a new area. The NRC has not had any criteria
i

I

3 in the past, and this is an area that we felt perhaps our j
(s l

i I

4 current reviews are somewhat deficient. ,
,

!

5 DR. ZUDANS: There is an industry group working on i

I,

6; criteria for coatings and NRC takes part in it. |
!
;

7 MR. GAMBLE: Yes. As I understand it, the first

8i meeting of an ASTM Committee has just met on the West Coast ,

!
|

t

9 two or three weeks ago. And yes , there is someone who attended ,

!
i

i

10 that meeting. But it is my understanding that that was the ;

11 , first meeting.
I

12 DR. ZUDANS: What about the othbr one, containment,
i

!

(_, 13 coatings, paints and all of that? It goes under a different

14 name, the group that exists for years.

15 ; MR. GAMBLE: I am not aware of that group, then.

16 MR. CONRAD: It has gone from American standard to

17| ASTM standard. That is what happened; they reorganized.

18 MR. GAMBLE: I want to point out our particular

19 effort in this program is not to go out and do a lot of research

20 or anything like that. Our emphasis in this program is

21 j primarily to do a literature search and try to find cut what
d22 !I the capabilities of the coatings that are currently used are.
u
l

23 |iAnd when we define what they are, we may in fact either sayi

!i

24 what is good or not gcod enough, and write a standard review

- .-.-. 4
25 plan, or find out that there are deficiencies, in which case

: ,..

I

!.
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|
i

1 we would have to go to Research and ask them to do some j
m

2 follow-on work in this area. |

!

3 The purpose of this program right now is to scope !

i

4 ou t -- |

|
'

5, MR. CONRAD: Why do you want to go to Research
l

i
ii

6| instead of writing a specif: cation saying what criteria the
'

I
t

7| paint should fulfill?
,

,

iI

8, MR. GAMBLE: This is about a year in an 18-month !
1

i, .

9: program. We may find out, as a result of this program, that we
t

i .

I
10 can in fact do that at the end of this contract. On the other

i
11 ' hand, we may find out that that -- we cannot do that, and we

,

! .

i

12 ! may have to ask for additional assistance.
i

(, 13' MR. BENDER: I wanted to find out where this request j

i

14 ! for this came from. Is this a user request of somebody? In

i

15 other words , it is not research?
.i

16 ! MR. GAMSLE: A member of the staff felt this area
a

17 ; was deficient.
'i

1

18 j DR. ZCCANS: They are the users, DSS.
'l

19 ! MR. EENDER: I understand they are the users. I think

4i
20 -| my questien ceally has to do with how this developed as a

21 { regulatory problem that required this kind of help. Why
.

1

22 ' shouldn ' t it be at the research crocram instead of here, and --
- n

!!
q

23 1 MR. GAMELE: As I say, what we are trying to do is
a
.i
1

24 0 understand something more about coatings than we do now, because
Ace e sral Reporters, Inc.

25 | we have never included coatings in our review area. In fact --
i

|
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l
i

I and this program is relatively small -- when this program is j
'

s ,
4

2 completed, in fact, that is what may be necessary, is have !

i

3 recearch take over the program and complete whatever -- or |
i,-s i

i

4| determine whatever additional information is necessary. ,

,

!
DR. SHEWMON: It may be small, but you are asking

5|
i i

. . i

6' for more money for it than for any other single project. j

7' MR. GAMBLE: Yes. It may not take that money. The |
i

!
,

8 money there is somewhat indefinite.
t

I9 What we are going to do is we are going to go out

i

10 ! with a recuest for a proposal, and we are in the process now ,

I
!

II ! of writing work scope for that. The money was in there, quite
!

!

12 frankly -- that is about the -- it was the most dif ficult amount',,

|

(_, 13 | for us to estimate for a technical assistance program, so we j
i

|

Id |i estimated high.
'

15 DR. SHEhMON: Let me ccme back to one other topic

,

'O |t here.
1

I7 DR. CUDANS: I would ask one other questien on this.

I6 i The paint, for example, paint qualification specifications, the
1

"!criteriaaspracticednewwouldbepart of this secpe. There
a

20 ! are very specific rules now how to qualify paint, and quite
i

- !71 complicated, quite demanding as well. I guess paints and

m
. coatings f all into the same group."

1

23 ], Is it that vou are tryinc. to understand better what
. .

I

e4 :!- the industry is doing, so that you can decide whether or not
.,.i neoone, . w. n|Au . .

7C 't
it is adequate, or is it that you are locking towards''

I

i, 'Q'-
,( 9 c<l |

, ,

;
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I developing the need for new criteria in this area?

'
2 MR. GAMBLE: I think what we are trying to do is

3 understand whether the present coatings and paints used are
, ~ .

k I

4{ adequate for normal operations and under postulated accident'

i

5f conditions. If the determination is -- if we can determine
I |'

i-

6' th a t, that they are, then I think --i

t

7f DR. ZUDANS: How do you qualify suppression pool
i

I

Bi coatings today? |
! t
i i

9| MR. GAMBLE: As f ar as I know, the NRC has no j

|
|

10 | criteria. It does not review coatings in nuclear plants.
I

II ! DR. ZUDANS: The industry has its own standards? |
i

I2 |' MR. GAMBLE: That's right. And" to the best of my i
,

I

(_, I3 I knowledge, we have not been active in that area.
|-

I4 DR. ZUDANS' Then I can understand the need for it,

15 ves.-
,

i

i

16 | DR. SHENMON: I wculd like to go back to another of
~

!

'7' the new projects. That has to de with something called
,

1^ || environmental effect on fracture toughness, for example.
1 ^' (Slide.)

20 ! MR. GAMBLZ: This again is relatively new. This

21 particular technical assistance request comes frcm work thet
!

2+ has been done in Task Action Plan A-12, which it supports, and2
~~

i

'3 j4 that Task Action Plan is managed. by DOR, with scme assistance
1

24 ) frcm us .
erat Reporters, Inc. }/ ce-

l

'5 : When the occpe of Task Action Plan A-12 was written,*

i .

- f

1

i
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|
1 it did not include environmental effects. However, on working .

t-

i

~

2 on that particular Task Action Plan, it was found that -- !

!
3' DR. SHEWMON: Which Task Action Plan? A-12? What |,,-s

4 is it?
I

5' MR. GAMBLE: Integrity of supports. ;
i

6! DR. SHEWMON: That is something that isn't on this j
.

i

'
7 list which wa's in previous years?

8 MR. GAMBLE: Task Action Plan A-12, with 19 others,
,

I

9: is one of the unresolved safety issues that the NRC has. It I

!
10 is not part of any -- there are many technical assistance !

!

programs that go into -- that could go intu one task action {
II

i . i

plan. It is a large overall program to resolve a safety f12

(/ 13 issue. .

14
j As part of that program, when the original scope was

15 , written, it did not include anything on environmental effects.
t

i
16 Hcwever, as people studied the program, they found out that in

I7 ; many support systems there are a lot of high strain bclting and

18 other components using steels that are susceptible to environ-

19 jmental effects.
10 , This particular program is meanc to determine the

21,! fracture toughness -- not experimentally, now, but primarily:
,

,

22 I'm sure you can do a lot of this through literature search,
c

*10"3 because the aircraf t industry has done a lot cf this work in
1

2 d "1 the past, to determine the environmental effects on high strain
Aceberal Reporms, IN.

SC'
steels that are used in support systems, and then use that"

i
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1 information to evaluate the integrity of these particular
m |

|

2 high strain components in environments that you find in nuclear '

i

_ 3 p lants . |,.

!
,

4 DR. SHEWMON: I guess the other comment I have here !

5 by way of your prescience or whatever: Is anything being done :
,

I

i

6, do keen steam generators from getting that way, instead of how :

| ,

7 much to plug? And your response is yes, at least there is ,

t

8i something up there on secondary system corrosion. This was !
!
1

|

9~ apparently something the NRC couldn' t see as being within thei:

10 purview several years ago.

11 | There is one down here, corrosion and coolant
i

i
12 chemistry. The second item of scope is recommend licensing

'
, .

(_' 13 criteria that will result in improved oxygen control. Are
!-

14 you making any progress?

15 MR. CONRAD: You probably know John Weeks at
!
,

16 i' Brockhaven. We have asked him to review everything that is

17 j available , contact the Japanese, and to make a reccmmendation
i;

IS to us on hcw we could implement this into the licensing of new
1

19 plants. And he should come out with his recommendation in

20 a two months .
1
.

21 ] MR. BENDER: One of the things that troubles me about

e

._
22 this has to do with the f act that the recommendations are

|

23 4 f airly narrowly based in terms of expert opinion. I have a
:
'l

24 0 great deal of respect for Dr. Weeks. I think he has a lot of
Acameral Reporters, Inc, d

25 j insight. But he is not the only person in the country. I have
a

y|
- ,. ,Q~

- r, _. a v
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:

I been a little troubled by the f act that when you are trying to j
;-s

2 deal with something that is as dif ficult and as controversial }
!

3 this, your base of expertise is not broad. !as,

is

4 MR. CONRAD: That's true. His input is only one j

I:

5' input. We of course -- the responsible staff members are |
1

!

!

6 talking to industry members and other parts of NRC, DOR and
|

7' Research, are looking into the same problems. However, as'. I !

i

8 ! said, our limited resources are applied to hire us one expert,
l i

'

9I and so we use the money the best we can, and this was one

'10 project that we sent to him to get his professional opinion on
i

II I it.
.

I

You get a reaction'ry kind of responseI2 | MR. BENDER: a
1

(_< 13 when you send something out for comments, as opposed to having
,

;

'

I4 people initiate something in the form of a proposal that

15 | represents a viewpoint that may be scmewhat independently
,

!

16 derived. I see a lack of that at the =cment.
- :

I ,' i ,
d MR. CCN?AD: I have talked to cecole at GE, and we
:

13 dc ge t o ther inputs . And as I said, John, his opinicns are

I9 cnly one factor in our final decisions.
,

1
,O MR. BENDER: GE is so criented to saving GE money'

21 j that it has never objected.
J

'

,, l MR. CCNRAD: That may be true. But then we certainly''

o

,, 4
-~rcan't ignore what their experts are saying. We certainly

o
.,

''J reall e dhat GE has its own interest and that is certainly
A ce -. ...eral Reporters, Inc. ]

25 ] f actored into our decision.
.

.,

'
_

A
_

,

1
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!

1 DR. SHEWMON: The research program doesn't have any i

-s' i
f

2 corrosion program, and so they don't really provide any other - !
l

3 MR. CONRAD: Not in this area, but some of the same !
,

i

4 people who are working in the corrosion area, we have access |

t,

5 to them. :

!I
i . '
j

6. DR. SHEWMON: Name two.
I !

7 MR. CONRAD: Mr. Danko was one of them when he was !
I
.

I |
8 with GE.

.
,

9j MR. BENDER: If you are going to spend S5 million on
,

i

10 ) something, would you rather spend $5 million on improving -- :
,

11 looking at a steam generator or spend S4 million in looking at !

l

12 i a steam generator and $1 million in tryin'g to improve your !
,

i !
.

~

(, 13 | expertise in corrosion? Those are the kinds of questions we !

14 |
'

have to address.
l
'

I

15 : I am surprised, though, that there is not that kind

16 of consideration in NRC concerning where to spend useful

17 research mcney.

18 MR. CONRAD: I make my proposal, which is essentially

19 / at the lowest level, and I fight for it up rhrough management.

20 And I fight for my programs as I evaluate them, certainly

21 considering what I understand to be the overall priorities.

22 I would expect each person who has responsibility in any one
_

23 j of these areas to identify what he thinks is important for
.,

24 f NRC to get out of him, and to fight for his particular programs
Ace 4 .tal Reporters, Inc. |

25 all the way up. -

r
I
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|
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l
!

1 MR. BENDER: I am not trying to challenge your :

|-m

_ 2 personal integrity. I know -- !
i
i

3 MR. CONRAD: That is how I think the sys tem works . !
/~~ ,

!

4 MR. BENDER: But there is something wrong with the
|
t

5 research program when it spends a lot of money on looking at |

*

6 detailed hardware and very little effort on fundamehtal ,

. t

i |
7 understanding, just because it doesn't have enough money to '

i
i

I

8! hire a ew experts. That's how I -- |
| i

i

9| MR. CONRAD: I don't make that $5 million or

10 $10 million decision, but I try to influence it the best I can.
I

11 DR. SHEWMON: I guess we have clubbed that one enough
I
i i

12 ! for now. If I go over here to another on'e, there is tearing i

I

13 stability in LWR piping. Who is working on it, if anybody?( ,

!

14 It is undesignated.
!

15 i MR. GAMBLE: That must be fairly old, then.
'

i,

16 ' DR. SHENMON: May '79, the best we have available.
:

17 I'm sorry if we are not talking to the right people or they
,

i

18 ) didn ' t send us the right thing.

19 ::R. GAMBLE: This is a contract that we had to go
,

20 out for bid on, and we did in the contract -- it was just

21 let around June 1st of this year. It is going to be done by

22 | Washington University, with Paul Paris as the principal

!
23 | investigator, I think.

d
Il

24 'l; And the objective of this program is to do tearing
r i aeoorters. inc. |Aa.,

,,
L' stability analyses for various flaw conditions, sizes, shapes,

i ,,

| L '>s t
'
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1 orientations, in light water reactor piping.-

!

2 DR. SHEWMON: Where is that on this list you put up
4

3 here? Iem
( I

l !

4 MR. GAMBLE: The first one. I

5 DR. SHEWMON: The first one. This is a brand-new

i

6 program. The contract was just let. But you spent $35,000 -- j

7| MR. GAMBLE: That is not spent. That is allocated.

8 DR. SHEWMON: From last year's money. |
'

I
I ,

9 MR. GAMBLE: No, this year. It was allocated in |j
I

.

!

10 |
fiscal '79. |

i
'

11 |' DR. SHEWMON: It was shif ted so you have through !

l, -

12 ! September to spend it now.
I

w/ 13 MR. GA.BLE: Yes. The whole program is $75,000. :
i

I

Id DR. ZUDANS: Is the work that Professor Paris is

15 '

doing on this contract complementary to the work he is doing
.

16 for RSR on the same subject?
9

i

),/ q MR. GAMBLE: I think it is more complementary to the
,

18 work that DOR -- they are certainly complementary, because it
l

I9 is tearing stability analysis and the results that Research
|
i

201 gets , as I understand it, is primarily to continue to verify
d

21jthe tearing stability contract. So certainly that information '

1
,, e

-- " d is going to be very important to us.
e
r

23 ' But cur work and the work that DOR is doing on the
a

24 reactor vessel -- we are doing piping, operating reacters, doing
Ace-Federal AfDorters, IrM:.

25 it on vessels; and this is to generate the analytical solution:

II ..,

! (, J U 'i' '

|
-
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1 to predict unstable crack growth for various flaw conditions
m

2 and load conditions. ,

3 DR. ZUDANS: This portion of work would be like
-

4 application of his theory that he developed from the other |
.

!
1

5 program? |
t
i

6 MR. GAMBLE: Yes.

7 DR. ZUDANS: This specifically to piping. |
|

1

8; MR. GAMBLE: Yes, and Research is doing verification I
t

i !
*

\
9> of the methedology and also experimental work to generate the '

!
t

10 material properties that are necessary to apply theranalysis. >

!

11 DR. SHEWMON: All right. Evalua'-ion of buckling |.

1 !

12 ! stress criteria for steel containment. Is there another |
|

!~

13 handout for that? i(j

14 (Pause.)
,

15 Irradiation embrittlement calculations at PNL. Is
i

il

e-14 16 ' that yours or theirs? !

17 ?

o

is ;|

l
19 l-

.i

2c !

21 'l
i
l

22 fi
:!

23;i
!!
1

24 !!
i

Ace . ral Reporters, Inc. |
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jl 1 1| MR. JENG: I Im a member of the Structural Engineer- |

;-s

2 I ing Branch in DSS . The program which was referred to is the

._ 3! buckling behavior of containments .
I

I |

4 Some of you probably know, in our current SRP , the re ,

i
'

5 are no detailed specific acceptance criteria for considering

6' the design of containment against buckling. We have been, in
, i

I the past , using case-by-case review, with reference to some
7|

.

i

8| ASME Section 1 provisions , which may not particularly apply '

:

9| to the types of loadings we review. And in view of lack of
|

10 ; information , which is pertinent to our type of loadings, we
! ,

f

11 { see the need to retain consultants to work on the program and
;
;

12 ! to come up with recommendations for state-of-art-type practical!
1

(_s 13 d'esign review and accident criterion. .

|
-

i

14 And this , for one, is oriented to that goal.
;

1

15 , DR. SHEWMCN: You had another centract out last year

16 with somebody in this area. Did it have the same goals or

17 ! dif ferent goals, or what?

d

13 j MR. JENG: Yes. The area of the contract which was
l

19 completed last year was to scope what is available in che

20 ; literature and what is the programs . If there is any solution
i

I21 at all, what are the approaches to proceed -- that was conduct-
:i

, 22 { ed and completed, and a report was issued.
d

23 And given that finding, we are proceeding to extend
1
'

24 cur e f fort to work on specific review criteria.
AceNef al R eportef t, Inc. ;;

25 DR. SHEWMCN: This will be done by setting up scale
1
si

I| e j [\
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1' models or doing scme experimental work?
j-s

- 2' Are you going to calcriate some more, or what? j
,

3i MR. JENG: This program does not involve the use of
,

i

l

4| s cale models because , number one, DSS , being in the licensing

'

5 area, is not entitled to do large-scale research programs . We
!

6 are only planning to implement pipe studies by various

f

A 7 ! consultant -- expertise in the areas -- and come up with some
,

i

a combinations and give that study -- if it dictates the need for '

9 a scale model test, then we would consider it. And if s o
i.

10 I then determined, then we would refer to the RES people .a user
'

11 ; request for their taking over of the program and resolving the
;

, . ,

12 issue.
!
,

(,, 13 DR. SHEWMON: There is a particular number in that
'

14 in front of financial. D oes that mean the contract has been

15 let?

l16 ;. MR. JENG: No. We issued a croocsal. Ne are

.| -

17 | anticipating to receive a proposal f rom varicus experts in the

!

13 next couple of weeks , and we have formed a panel to review
!

19 those p;cpcsals .i

;

4

20 i DR. SHEWMCN: Wh a t is a b lank , or a letter or a
i

1
21 number designation under FIN mean here?

i

!

,
22 | MR. JENG: These are the program numbers for which

22 funding has been allocated. Some of these programs are either
:

24 completed or in progress. If y ou h ave a FIN numbe r , you h ave
Ace heral Repo ers, Inc. ;

25 / the funding allocated by the offices .
.i
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DR. SHEWMON: So you have funding, but you haven't
|
'

1).n
|

,

,

i

2 got a fundee yet?
i

I IMR. JENG: Yes. With regard to buckling behavior3 im
\ i

'

4 contract, yes.

i

5! DR. SHEWMON: All right. i

i i

i i

6 DR. ZUNANS: I have several questions.

7 First, I want to identify whether this program that i

1,

a y ou j us t talked about , with which I am well acqu.ainted, has
i

!

9: any similarity with the other program here that we have in
!
,

10 | Structural Engineering Research Branch , safety margins for

!

11 ' containment and buckling of steel containments that app arently
i
i

. .

12 is managed by Larry Shao's group in RSR. Are these the same

U 13 programs or not -- RSR proj ect descriptions?
,

1

14 MR. JENG: I'm not f amiliar with what particu_ar

15'i project you are referring to, handled by RSR, but I can exclain

16 q to you what --

17 DR. ZUCANS: These are the two programs.

13 MR. JENG: Are you referring to the table?q

19 ( P aus e . )

20 DR. 2UDANS: There are three programs in genaral that
.!

1

21 * I find. This would be the third one .
1

a

22| DR. SHEWMON: Shao has a bunch of things in there
!

23 ' he would like to see somebody fund s ome day . I ar not sure

24 that he nas --
Ace-* weral R epor+ers, loc. 'i

i

25 l DR. ;UDANS: They are listed on these lists. I am
. ..

,, .) \1

l
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| I

1
wondering whether that is the same thing.

2, DR. SHEWMCN: I am not sure whether they are funded,

i

3i DR. Z UDANS : They a e not the same?
-.

4 MR. JENG: I don't think so. It seems th at the re
i

5 is no funding.
i,

6 DR. ZUDANS: They have the same money indicated as
.

7 you.

!8 MR. JENG: My answer is I am not aware of this one , i

,

9 and they should not be the same. We haven't had a chance to
i
.

10 ' review these programs.

11 DR. ZUDANS: All right.
|

12 ' Very similar on the other one that Dc'.5 a not
:

L 13j f amiliar with ; but with this cl e he re , I am very interested
i

i

la ' in the program of this natu- . , ! . cause during the period of
i
i

15 ' other reviews, I hope to get the answer to the question of

16 ] what are the bucking criteria, and we seem to always come back
1

17 | to the situatica whe reby we work en a case-by-case basis .

la ' The re are no gene ral criteria.

i

19 ~ My concern with this program is not that it is nct

20; needed. My ccncern with this program is that it is not really
!

i

21 ccmpletely thought out, what it will produce.
3

4

,
22 Let's look at the first quescion, the first items ,

23 design analysis of two typical steel containments , for firm

24 data analvsis with what tools?
3

-
,

Ace % eras Reoorters, Inc. I

25 I am locking at the second sheet. I am f amiliar with
,
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'l

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



.

'

ji 5 166 l
i

i
I |

your RFP because my organization wanted to bid on the job.1
I-s

I
2; They decided to decline it, because we believe this research is

i

3, not defined, that it will lead to any results of any use to
,,

, .,
,

4 you in your review work. |
I

!

I

5j Weingarten and his team, in the previous research , !
!

6 found out nothing better than 1965 criteria, which theyl

|

!

7 recommended to adopt on an interim basis at the ASME. |
,

i !

a N cw , if you throw that out and use just what they
L,

9 find as a tool to generate a bunch of calculations and to

10 ! generate some charts, if you think you can do that, then you
t

11 ! really go no place , because. the big issue in this question is
i

12 ' not the analysis how to do it , but what tc use for the factor,
.

( 13 ! for the unknown factor.
.

--

I .

14 If you go with the linear analysis and use knockdown
,

15 f actor to trans form the results into real structural results ,

16 then the only issue is what is the knockdown f actor. The NASA

17 , report which Weingarten pointed cut ve ry e f fe ctive ly s ays th at

J>
they seem to be dif ferent for types of stresses that y ou work18

19 with; for axial stresses is one , for shear stress is ano the r .

20 ; And they recommend a mixture to use it.

21 So anybody who bids on this job,other than
,

_
22 Weingarten, would be forced to follow what is recommended in

23 the NUREG that you issued as a result of Weingarten's work.

2' q In my opinicn, the net result in this research , ve ry
Ace b.oeral R eporters, Inc. ,

25 ' necessary, wculd be essentially zero. I think you really have

| C
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1 have to rethink this whole issue and define what you want to 1

i i
''

2 I see as the ultimate set of criteria, what methods you want to i
,

i

3 us e , and generate the data to supplement those methods.
,,,

{

|
4 If you want to analyze structures elastically , ,

f

.

I

5 compute the bifurcation loads with real boundary conditions , !
\ ,

! with real loads , with nonsy= metrical prebuckling stages , then6

i

7{ you have generate knockdown f actors . That is the only issues . i

,

8 So the program should be for generating knockdown |
!

,

9, factors, not to perform analysis of two typical containments - !
,

I

10 } what for? What are we going to learn from that?

11 i That costs about S200,000. ;
,

i

12 ' MR. JENG: You are certainly one of the experts in i

,
'

,

(' 13 _ais area. I agreed on almost eve ry thing you just commented --

|
14 ' aut, howe ve r , this program, remember, is limited funding, and

:I

15 there is the need for information. for helping us make
a

I

16 ' judgments Because of that need, we have requested limited
!

17 funding -- in our limited funding, and try to de the best off

13 ' the resources th at we ge t , and to prcpese objectives in the

1 fregram.

20 Cf course, anybody who participates in the bidding
3

1

21 | c an , as part of it; bidding or ccnditions of offering to serve ,

,

provide propssed changes like you are suggesting in the scope22 '

23 of work and the end prcduct, and that would be reviewed by cur

21 review panelists . And hope fully it would be taken care of to
ace.. ~.r.i aexmn. inc. '|

.

25 seit more the needs - - your ccaments .

-
'

.
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| i

1 If you define your objective clearly, then we could i
m

23 end up doing nothing.
i

|

_ 3 ~ I would like to welcome you to give a propcsal, in ,

,s
( i
.

.

,

4' your view, what would be the best way to attain this goal which
.

5 you and I agree --

DR. ZUDANS: I wrote two letters to Professor6,

7 Shewmon,. and cne of the them explains what I consider to be

8 an acceptable method. It really does not differ very much from

9 what Weingarten did, except th at I wouldn ' t e nd it that way.
i

i

10 ' I can write separately . I can discuss this with you,
,

11 i but I believe your objective is to get criteria that you can
I

12 s ay , "Indeed, I can use these criteria. .They are conservative. "

(- 13 ! The problem, as it exists now in the industry, is the*

i

ila ! fact that we don' t have knockdown factors for any combined

15 loadings except for bending. We don ' c have them. There are no

16 tests. Everybody is very capable of testing pressure vessel

u

17 ' for extended pressure er for axial compression er for bending.
;

la But when it ccmes to complicated loads like you see in MARE III

19 centainment, or in ice condenser centainment, there are no

20 I tests. Nobody kncws what the knockdown f actors will be . That

21 , is what you miss .
I
i

22 ] You can analyze. You can model any containment en

23 the finite elenents if you are willing to spend money and

24 compute theoretical stress for any complex ccnditiens. You
ACT ESC 9f al N8CCFTf f 3. Inc. ,

25 ) don' t have that limitation now; you don't have developed
4

II .'
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1 computer codes. Once you compute them, what do you do with
,

'

2| that numbe r? You don't know by how much you have to compute
i
a

3 the buckling load. You know that to say this is what the
,~

4i real structural is, and then you would apply a safety f actor

5, on that . So you research, in my opinion, in this context of

i

6 developing criteria, would be to get knockdown factors.
|

7' The other program that I made reference to -- I
!

8 showed to you -- is considering making a cuarter-inch

9 containment model -- quarter-scale centairment model, which isi

i

Il
10 ve ry , ve ry big , and testing that for b'uckling for complicated

:
!

11 ' loads. That sounds like a good way to go ercept th at it is

12 a long-te rm program. You can't really p'roduce much in a

|

' , , 13 |
short time under those conditicns . So I am concerned about(

i 8
6

14 ; this program.
r

15 I am also concerned about the fact that you really

0
16 need You need it very badly...

17 | DR. SHEWMCN: Tell me a little bit about the need,

is ; if you wculd. What are the highest stress conditions, the
:

Ic type of vicissitude which is mest likely ce give buckling?

20 i Are we talking about seismic loads as being the extreme ones ,
:

i

21 or tornades, or the coming across Lake Michigan, or what?
i

i

22 '' MR. JENG: The most severe load combinations which
_

u

23 could cause buckling in our view is the combinaticn of the

24 SSE, combined with the early stage of a LOCA, which would
,

Ac... _..ro acooners. inc.1
25 I create pressurization within the containment, and combine to

!
'

rI | 1 -
.

i
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,

1| that effect -- you would see some compression forces , as !
:~

.

i
,

~

2 compared to othe r portions , and this could cause combinedl

1

i
3, maximum stresses to be critical.~.

4 DR. SHEWMON: The SSE by itself would not do it?
,

5 MR. JENG: Because of the shaking nature in one

6 instant, it would cause compression on one side of the contain-

7t
ment; and the next instant, it would be -- put inside stresses

8 on the containment,

i

9 However, if they put compressive stresses on one side

10 and consistent with the compression, the localized pressure ,

<

11 i which of course is compression on the inside, then this may
|

12! create a controlling situation. And thad is the type thing
|

(,/ 13 that we have to consider.
,

i

14 | DR. SHEWMON: But wind gusts do not do it?

!

15 | MR. JENG: Generally speaking -- I said " generally"

1 16" it should not centrol -- large SSE -- we are basing our

17 | design aginst, but all e f fects due to earthquake shaking would

la ] normally override these effects due to wind.
!? , DR. ZUDANS: The big prchlem is net what ccmbination

20 l will cause buckling. It is what you censider acceptable leve l
u
'l

21 | of the combination of such loads.
1

-
22 ' DR. SHEWMON: Somehow I can't get too excited about

23 the prch ability of simultaneous LCCA in a s afe shutdown earth-

i

24 qu ake . If indeed we are safe against things aside from that,
Ac. nece 9.oonen. inc 1

25 ., that puts one level of priority en it. If we thought th at the
e

l

1
~
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1

1, loads which would test the analysis would come once a decade,
I*
I

2! that would put a different level of priorit:r on it. And given
i

I

3, th at they don't know how to do it as well as they might, I
-

i

4| would like -- the other thing that I want to get is some
'

I
< i

5i feeling as to how often do we think we are likely to be i
'

|

|

I *

6| probing the limits?
.

7! If it is once very 10,000 years , why that's different

I

a from once a decade .
1

9: DR. ZUDANS: That is correct, that there are some
I,
i

10 ! approximate ways of saying what is conservative, not re ally
1
,

11 knowing precisely the behavior, not precisely knowing the
!

i .

12 |
si::e of the knockdown f actors .

(.- 13 H oweve r , I think it is a gap in technology really,
,

14 more than anything else .

15 DR. SHEWMON: The gap in technology offends you a

16 little bit more th an it does me I guess. If it is a gap in the
J

17 public health and safety shield --
i

la a DR. Z UDA'IS : You do not want the centainment to
l.

19 collapse just when it is needed.

|

20 . DR. SHEWMCN: I grant that , but if it i.s nog going
i

|

21 J to collapse until we have a simultaneous maximum LOCA and SEE ,
j

~

22| I may not live that long.
1

23 MR. JENG: I personally agree. Maybe chat is no
.i

24 j ustification for ccchining two verf unlikely events toge the r ,
Acemeral Reporters, Inc.

25 but .'rCm our licensing viewpoint, it means that the CCmbinaticn

,

n
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r

I
i

1 is one of the design reqcirements or design basis , and we have i
;

,

2 to assume this particular need has to be met properly.
|

3 DR. SHEWMON- If you do think it ought to be met '

(
l

4' p rope rly , then why don't you organize a program to do it?
|
t

5' The main thrust of his point is you aren' t organizing
i

!6 a program to do it properly. You are piddling along, which

|

7 things -- that aren' t going to get you anyplaca , and Shao !

8; is trfing to do it, too.
i
i

9 MR. JENG: We may be slow c.nd maybe not as effective

i

10 | as we should be, but I think we are trying to do the firs t

11 step to see what can be done without going to more of a testing
I

i '~

12 ; -- large e f fort .
,

b 13 ! I. believe some oeople feel there could be some way ,
i -

i
,

14 without having to test, to find what the criteria should be for

15 I such an event. And we have to complete th at firs t e f f ort ,

16 that first phase; and given that completion, if it shows that
'!

I7 the cnly way to achieve this goal is to go through testing

18 i that Dr. Zudans seems to imp lying --

l9 DR. ZUDEIS: Not necessarily.

I

nd tl5 2C ' DR. SHEWMCN: Are there other comments ?
i

2l
,

{
,

!

?i
il

23 'i,
,

d

a .+, _e.i n eacnm. ir.e. l_

25 ]
c
c . , ,

'| /.*
,

i u .) iG
fl

_ _ _ - _ _ ___. _ _ _ _ . . _ . _ _



.. _ _ _ . ._

173CR 5693
Whitlock #161 '

ros 1 1 MR. BENDER: I am unclear as to how this problemI

'

2| arose, and I am unclear as to how to resolve it. 1

1
i

i
I

3| MR. JENG: I didn't get that last comment. |
,_ ,

i

i

MR. BENDER: How did it ccme about, and why is it so i

4|
,

I

51 urgent to get it resolved by development of some kind of new '

|

6, analytical procedure?

7j MR. JENG: I tried my best to answer the question. i

I

a My answer may not be inclusive.

!
9 The original SRP standards were issued saying:

1

10 ' "coerating a safety factor of 2." And by ASME, Section 1, it |
i'

i

11 > is simply based on the asymetric non-compression type of
i

12 consideration. And we, at that time, we 'said, "Let's use
Ii

(,j ~

safety factor of 2 for the criteria." !13 the

|

14 And that was the criteria presented in the SRP. But !
it

-

!t

15 as we learn more, and discuss with the experts more; and we

16 have the review of the of f-shore power plants , which is b ased

I

17 , on the containment; and then on tcp of that you have the

18 add the deferaticn, due to the platfor , which may cause some
!

19 buckling situation -- maybe there is a need to study more.

20 i And this caused us to start a small project to retain ISE as

31 , a consultant.
1

22 j In the mean time, in the industry there are working

!

23 groups looking at this area. And they raised quite a few

24 j concerns about the adequacy of our criteria. We feel there

sc. Ar.i acoorms. inc. j
25 ' is a concern, altnough we feel that the way that we have

!

| ,

2i7i i
t' . Jt/'

|

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



_

l
I

174 |
i

ros 2 1 reviewed, that we should get a conservative result. j
.

'

2 MR. BENDER: Is the problem mainly with the ice
,

! I

3 condenser containments today? ,

fs
! ;

,

4! MR. JENG: Yes. It is one of the key concerns. !

!

5! DR. ZUDANS: In the Mark III it wasn't so acute
*

i

6 until we learned that there are asymetric loads in Mark III;

i

7; and that was discovered because of the blow down, and then it ;

I
i

8j became very critical. And the fact is, if you take the ASME i
i

9! code criteria, you cannot decide the containment under those
!

10 loads. There is not enough --

| !

11 ! In other words, industry is trying to do more !

i
'

12 | precise analysis.
- i

!
i

i
.

I

(' 13 ' MR. ETHERINGTON : Tornado missiles, are +-hey a par-
'

I

!14 ticular problem in this connection?
;

P
i

15 ' MR. JENG: No.
.

!

16 i MR. SHEWMON: Thank you.

,

- s this last hand-out yours? What is this that we
l
i

la l have here? Al? Is there anything from DOR?
!

19! MR. LIAW: Yes, sir.
i

20 | MR. SHEWMON: While that is going around, does the
!

|
21|| radiation embrittlement at Battelle -- that is one of yours.

I
o

22 1 Could you comment on what that --

22 q MR. JOHNSON: I will talk rather loudly, and I think

1

24 || I can cover anything that she might otherwise miss.
Ace- Avrai Reporters, Inc.

i

25 - I am Richard Johnson, Engineering Branch Division

i

e p ~} I;'

i' f,J .) t U
j
i
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i
i

!

l.
I

,ros 3 1 of Operating Reactors.
|

2 And the question you asked, Professor Shewmon, I am

3 afraid there is no one here who is intimately involved in it.
-

|
!

4|, It is not in our part of the DOR. However, I have been |

|

1

5| peripherally involved. It has to do with some calculations ,

!
i i

6 that were made by one of the Vepco contractors. It is a
,

|

7| question of what is the neutron fluence at the neutron shield |
|

!

a tank.

9 As I recall this , the licensee, cue of the AE's,
i

1

10 , submitted something that said that there would be quite a bit i

i i

''
,

11 i larger neutron fluence than was expected, particularly by
I

l .

12 , taking a count of those neutrons less than one mev out that
I

,

i
l

(_- 13 | far with all of the attenuation through all of the steel and |

i ,

14 ! the water in the neutron shield tank. There is quite a large i

!

15 flux of neutrons.
i

16 , Of course, Serpan can probably handle this even

17 j better than me. At any rate, the long and the short of it is --
!

la DR. SHEWMON: He can give some base numbers. He

19 , won't give T.e the calculation maybe, so go add.

.i

20 l (Laughter.)
4
I

21 ] MR. JCHNSCN: The long and the short is that there
u

1
22 ;j are quite a number of damaging neutrons. The Nuclear

e
d

23 j Regulatory Commission questioned the calculation went toe

:i

24 the Brookhaven National Laboratory to have some confirmatory
'

Ac. Feuere aeooners. inc. ;

25 9 calculations made, and I believe, in summary, Brookhaven
i

("'
/6 <

1 t ' ,8 i\ /.

c'|
.

I
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ros 4 1 not only confirmed the calculations, but said that the
-

2 licensee's contractor was a little on the conservative side. |

- 3| And I think we are, therefore, moving ahead in the direction !

4 of taking the next step -- questioning what would be the
l

5i change of the ductile brittle transition in steel when one
,

t

6 accounts for all of those neutrons.
|

-

i
Ii

7j Chuck, do you want to add anything? |
,

fMR. SERP AN : No. Brookhaven provides the spectrumg,
|

I

9' type reactor physics calculations for DOR in a variety of I

t

10 f projects, and what Dick said about that particular job, the !
! I.
i

11 | Vepco job, was quite right. They did a nice Job on it. |

i
l

12 , DR. SHEWMON: Can we have -- let's do this by
i

(_ , 13 questions, in vie'w o f the hour. |
| I
I

14 |
Do you have anything you would like to ask questions !

i
I

l

15 cn on this, Harold? Or give us a chance to go through it?

16 MR. ETHERINGRON: I don't have any.

17 + DR. SHEWMON: Then why don't we dispense with any
i

i

13 ' formal question and answer on it.
i

19 > I thank you for ccming down. I guess we will

20 ; adjourn for an hour, at which point we will hear from -- hand
:

|
21 | it out and let's look at it.

.

.i

-

22 'i DR. WECHSLER: If I could ask a quick question
,

~|

22 :| about the last ccament.
o

!

24 i Roughly, what is the flux at the neutron shield
h eeJNral Reporters, Inc.

25 " tank? I am surprised to learn that it could be high enough
,c<-

,
b 1

| v 'cv
'| '

!.i

I
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ros 5 1 to cause increases in the ductile brittle transition |
|w

2 temperature.

|

3i MR. GAMBLE: I don't know the exact numbers, but the i

-. I i
'

| 6

4|
flux is just not one number. There is a spectral effect that ;

i

I

5 they calculate, and they have calculated about eight different!

i

6' energy fluxes at eight different energy levels. The flux in ,,

i

|
18

7 those energy levels runc anywhere from 10 through maybe
i

8 1019, in that general vicinity. I can't tell you exactly j
i
,

9, what flux was. ;

I

'

10 ! DR. WECHSLER: Over what period of time?
!

' i

11 | MR. GAMBLE: I am talking about fluence at each of -- |
! i

1

12 over the energy levels. The range wc:ld be -- over -- this is j

!

all end of life. And yes, it is surprising. We were surprised
(. 13 f

- ij '

14 i We thought they had made a mistake, cad that is why the
!

l

i

15 ; confirmatory calculations were made.
;l

16 MR. SERPAN: I thought it was low -- 1010, the flux.
i!

17 , DR. SHEWMON: Who is defending this hand-out?

18 , MR. 30SNAK: Mechanical Engineering Branch, 055.
1

'

19 i (Sli de. )

20 DR. SHEWMON: Let me focur on the things you would
i

1
21 j like to do next year, I guess. S te a.m gene tor tubes. That

d
22 j is an advisory capability at Batelle, or Brookhaven?

23 ' MR. 30SNAK: That will continue at Brockhaven. This
1

l
24 ! is the last year. FY-80 will complete the analytical

i Reporters, Inc, Ice-Fi i

25 , development of a computer code.
1

- / *? '1 4
"!

] y j (._ i

1
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ros 6 1 DR. SHEWMON: What is the in-service testing program?
-s

2 MR. BOSNAK: It is purely a way for us to get i
l

I

i

3i additional assistance in the branch. It is to review about :
' i

(
. i i

4! 10 to 10 to 15 plants that are already licensed, that are i

'
i

5- already operating. And they are operating on their technicall

|

6 specifications, but their in-service testing program for

7| pumps and valves has never been reviewed. ,

|I

8; And the -- what we are looking at is the things that ;

i

9, the can't do with respect to meeting Section 11 requirements
,

10 f of the ASME code. So it is to buy additional manpower. |
|

1
-

11 i DR. SHEWMON: The last three are things you would |
1 !

12 like to have in next year, or a year frcm'now?
!

Q 13 MR. BOSNAK: We actu' ally placed it in our FY 8 0 budget, j

k they are now shown in the|i
-

14 'l but because of resources and whatnot,
i '

15 ! FY-81 budget. The criteria implementation review, code

'

16 verification analysis, and pump and valve operability
o,

17 i reliability; again, those programs are essentially to buy us
,

I
le j help in doing our licensing reviews in those three areas.

!
'
s

19 | The criteria implementation review would be to do

20 more of the things that we did on the Diable Canyon, for

21 , instance. The kinds of things that the staff did on
1

22 d Diablo Canyon.
g-

'l DR. SHEWMON: You wouldn't more reliable PORVs if23 g

i
24 you did it?

Ace Fs.ral Repor ers, Inc. ]
MR. BOSNAK: The PORV would be something tha ,.ould

25 ], , ,a
,

I

'
|
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ros 7 1 be contained in the last items. The PORV, of course, on
-

1

2j Three Mile Island was not -- it was not a code system. It
'

|
3' didn't meet the reliability requirements of the code.

~ i

4 The pump and valve reliability and operability
|
'

5 are things that we would like to look into further. I think
:

6 you will also find them in the research program that
I

|
I

!7; Larry Shao has.

St DR. SHEWMON: This would be only for code things
'

,

9' that meet code?
'

1

10 ' MR. BOSNAK: Essentially, anything that is safety |

!

11 related is a code item. j

i
I

12 , DR. SHEWMON: What happened at'Three Mile Island |

!

(.< 13 wasn't related to a safety related system when the PORV stuck
i ,

f
14 ; open'

$
15 ' MR. BOSNAK: The PORV did not have to meet the ASME

i

i
CR 5693 16 .. code. It is an extra valve put on there to take the service

I
17 ! away from the spring safety valve.

|

18 ! DR. SHEWMON: All right. That's all I have.
I

19 j I think we are nungry. We will adjourn for an
i

|

20 | hour then.
1

21 | (Luncheon recess at 1:21 p.m., to recenvene at
i

22 'd2:21 p.m.)id 16

23 1
o

'|
,

Aceberal Reoorters, Inc.

25 L ,- , . , , ,
i

d - t. .

4
0
o

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



CR 5693 #17 --
.-- .. . - -- -.

BW/pv
180

!
'

1 AFTERNOON SESSION ,

-s
,

1

2 (2:25 p.m.) !

!

3! DR. SHEWMON: This is a continuation of the morning
e,

|

4' session and all those good things I said about whatever, who was!
,!

5 here, and freedom of information still applies, j

6' This afternoon we will move on to the work done by
,

7 other groups in the country in the general area of metallurgy ,

t

8. and materials. The first half of the afternoon is devoted to ;

! r
i

9I EPRI's program, and the second half is to the vendors' programs.
,

,

10 The program says -- who is first from EPRI? r

11 HR. DAU: I am Gary Dau.
1

,

i ;.

12 ' DR. SEEWMON: Thank you. ',

(_; 13 (Slide.)
.

14 . MR. DAU: Good afternoon. My name is Gary Dau. I am

15 | program manager for 6.he nondestructive evaluation program at the

16 ' Electric Power Rest. arch Institute. Today I would like to sum-

le marize cur programmatic activities that are under way and then
U

13 highlight a few specific examples of the research results that

19 we are achieving.

20 The handout has been given out. And as backup materi-
a

21I al I have left cooies of the blue-covered document which is our
u

4

22 ] planning support document. Appendix A in this report gives
o

'?' summaries of each individual project Ehat was under way up until
.

1
24 about October 1978.

ace.> . .; 4,0cr .es, m j
25 j (Slide.)

a
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1 The program philosophy has been broken down in this '

m

2 manner. We really are approaching three dif ferent levels of

3 technology, ii you will, or technical thrusts. There is improve-
g
\

,

4 ment of code inspection techniques, those techniques that are ,

j

5 being used in the field today. And our goal here is to optimize
I
i

6 these techniques because we can provide some feedback for field
i

! i

7| use as quickly as possible in this area.
I

8' The second area that we concentrate on is new methods

9' and device development. This is where we are looking to bring
I i

10 in innovative new concepts from other areas of technology as

11 | well as developing new approaches ourselves. In this case we
!

*

12 ! realize it will take a bit longer to get this into field prac-
!

(/ 13 tice, but we are expecting much larger imp;ovements overall in
,

14 + that area.
I
i
i

15 ; The third area we are concentrating on is the material

16 property measurement, and this is trying to developing the

17 technology so we can get into the position for preventative

18 action. In other words, we can identify materials degrading

II before failure occurs so we can tcke corrective action beforeo

20 ' shutdown or catastrophic failure occurs.

21 (Slide.)
-

_.
22 , To give you some idea of how this affects the specific

0
1

23 p, components in reactor system, we have either under way or ccm-
a

24 pleted fixed programs in the pressure vessel area: 12 oriented
%3 FMral itOOrters, Inc.

,c]towardspipinginspection, two on no::le inspection, four on"

| 7 i- [ 7')I
6 u JLJ.

.i
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I
|

|

1 steam generator inspection. And this does not include those j
,

2 projects that are being addressed by the steam generator owners
,

3 group, which project is being managed by EPRI staff. We have ;
,

|!

4 two projects under way which address turbines, specifically i

I

5 turbine bore inspection on the large 600 megawatt and larger I

!

6 turbines. And property measurement area, we have five projects
i

|
t

7j under way. A total of 31 projects that have either been com- i

I
>

,

}

8' pleted or are currently under way. And this is since our startup>

! !

9, in about 1974, a total contract value of about $50 million. i

i
i i

i

10 ' (Slide.)
t

11 If you look at t i.s in terms of function, it can be '
,

i

I

12 ! broken down in the following way: We have specific programs ;

I'

i '

(_; 13 f addressing improved hardware development for austenitic plant |
.-

,

|
!

.

14 | inspection, feedwater no::lc inspection, oressure vessel turbine
i

15 rotor, and steam generator tube.

16 These will result in specific pieces of hardware that '

17 will go to the field starting late this year -- in f act, some of
]s

13 ] it is in the field right now -- and on through the next two to
't

19 / three years. In the more basic research area --
I
i

20 ! DR. SHEWMON: Let me stop on that for a mcment, if
!

i

3 you would.21
1

22 I MR. DAU: Sure.

!

23 ;e DR. SHEWMON: Is that work done by people who would

24 ' sell the equipment, or how do you get --
xce A.. .i s.oon.n. inc.

25 , MR. DAU: Are you asking a question abcut technclogy
!

|

,--

i . ,
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-

i

i

1 transfer and how do we get our results into the field?
-

2 DR. SHEWMON: I guess I am, yes.

3 ME. DAU: I will address that later. We are setting
,

,

4 up a special NDT center to help us in that area.
!

5| But as far as your specific question here, in these

1
6 ! two, the people who are doing the signal processing work, the

!,

7| electronics development, have also made a commitment to go into i
: i

I

8: production of the resulting hardware. In this area we haven't i

! I

i
i

9 ! completed the research here, but we did involvi a manufacturer
:
I

10 of equipment as one of the subcontractors so that they would be

in a position to manufacture tne hardware when our research !,11
,

i

12 ' effort was completed (indicating). i
"

(j 13 In,this case we are still in the development stage,

14 , and we really haven't looked at who is going to be the purchaser:'

! i

15 of the equipment and the supplier of that service.
,

i
16 DR. SHEWMCN: With your background, you don't have to

I7 be concerned about whether you are fair to all potential sup-

1

18 | pliers, as long as you have at least one potential supplier for
.i

19l rhe industry?
i

20 hI MR. DAU: That is close to correct. Often there is

21 ' cost sharing put forth by some of the contractors that are

22 really laterested in moving into this.
_

,

23 : On the other hard, though, part of the problem that

24 | we face is that the market for nondestructive testing equipment
ic. A . e a wneri, inc. a

floc'"g is so small compared to other instrumentation markets, it is

!

- .-
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1 very difficult to get people to go out on their own hook to
.R

2! develop new equipment. It is a problem we have recognized, and -

i
t

1

3| we try to factor that into the program so we may go a lot,-
'

i

4| further in terms of building and qualifying hardware than other :
| I

Si people might do, for that very reason. If the results are only !
1

-

'
i

6; in terms of a report on the bookshelf, they are not really
,

1
i7 satisfying our objective.

| l

B| DR. SHEWMON: Thank you.
! ,

-
t

9! MR. DAU: In the research area we have some fairly
I
i

10 | basic work under way, a study on the physics of ultrasonic
6

|Il propagation, and ultrasonics really occupies a majority of our
,

12 programmatic effort. We are also looking 'at eddy current flow
.

> '
.

(_, 13 flow patterns, with the idea if we better understand how eddy |

Id | currents interact with materials, we can do a better job of
f
i

15 ! designing equipment.
I

16 | And then, acoustic emission. Our major effort here

l'' l is a very fundamental ef fort at the National Bureau of Standards

18 of really trying to understand the fundamentals of what happens

l9 in acoustic emission and establishing on an analytical basis

20 what kind of signals we would expect for different type defect

21 q conditions.

22 ' In the material property measurement area, our major
_

h
o23 ? work right now is concentrating on the measure.aent of stress,
d

24 hi specifically residual stress. And we have two efforts under
*C .i aeoon.n inc. I

*5' way: one, looking at acoustics techniques with the hope that we

;
,

, ,,-
oo

I
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. _ . . .. - . --

pv6

185 !

,

i
I

i

1 will be able eventually to measure a stress profile through the
n

2 wall, as opposed to a surface stress, and then a portable X-ray

3 defractometer which is being configured so it could measure the-

i

4 stress on the ID surface of a four-inch diameter pipe. In this |
!

5i device we hope to be in a position to start some field measure- '

I

i

6! ments, field in this case being laboratory, welding development
I

7' type laboratory measurements, later this fall. We have had some.
I

8| problems with X-ray tube supplier that is slowing us down. In
!

t

9i this case we will have a device for limited evaluation ready in
.

|
10 I about three to four months.

II DR. CORTEN: Why do you call it material properties

I -

12 when you are measuring a stress, your residual stress, which

is Eeally not a material property?(j 13
,

I4
i MR. DAU: It fit into scme of our -- the way we broke

I

15 some of them down,
i

I

16 ' MR. BENDER: Can we get back to the ultrasonic program

17 | for a minute. Is the thrust of that effort flaw discrimination
a
1

la:i or what?
1

i

19 ' MR. DAU: In here or here?
l

20 j MR. BENDER: Where it says " Physics of ultrasonic
l
1

21 4 propagation."
_

22 | MR. DAU: Two things, improved detection of flaws:
i

23 [ We had better knew how the energy interacts with a flaw, and
!

q' l then we can design sensors and signal processing equipment to
ICS-EL 41 R&DOrters, inC. +

25 optimize on those conditions. The second part of the problem is
, - . , , , . .

h L.

i
-
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i

l once you detect a flaw, how do you size it and size it precisely?
-

2 So, we are looking at those two aspects of it, of the problem. ;

3 And then, as far as the basic physics, when you get-

4 into dissimilar metal welds or coarse grain structure, your
i

5' propagation parameters vary considerably, and it is no longer a
i

6 linear material. So, we are trying to cope with those problems

7; as well. I will have some specific results to show some of our
i
l

8 improvements and results from that.
|
,

9| In the last category it is' called " qualification and
I
,

10 ! verification." That results from, once you develop some new
1

|

11 ! equipment here, you have to pretty much verify that it really
i

12 i meets performance standards that you set in the first place.
'

'
.

(_/ 13 And second, you have*to qualify it as a field-acceptable tool |

14 so the service companies and the utilities are willing to use it
i

l

15 ' in the actual environment it has to be.
i

!

16 There are several parts of that: There are flaw

17 ' characterization ability, hcw well or what can you detect flaws
i
|
'

18 and size them, and defect detection probability we would like

19 to get a hold of. Part of this effort also involves the genera-

20 1 tion of realistic flaws and I have indicated three types here.

21 The IGSCC chermal fatigue cracks, like found in the bciling

22 | water feedwater no::les and then f atigue cracks of other types.
.

23 l All of these programs here, these and, to a lesser
q

!

m, I

extent, this one (indicating), were working with actual flaw" >

w%se neoon. .. irc. j
25 conditions. We started with machine notches, but we are growing

* r,

G .) .)U
d
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,

i

1j our own cracks or using surface removal samples for stress cor-
-s i

i

2j'rosioncracks. And then we have recently cracked a mockup no:-
i.

,_
:le with thermal fatigue mechanisms, so that we are working with3

4 the actual flaw condition that we will have to see.

S' This is a very large effort in itself. I think, in

i

6' the area of pipe flaws alone, we are probably spending over half
f

7; a million dollars to provide samples this calendar year alone.
1

8' And the last item is pressure vessel shell course,

e

9' which we have a full-size shell course. We have obtained, which.

10 i is now being shipped to Westinghouse Tampa, we will weld some

ll ! no::les in with programmed flaws so we can test equipment out.
!

l

12 ' It may also be useful for training operato'rs.
i

b 13 (glide,)
.

14 , DR. SHEWMON: I think I know what a course of bricks
I

15 ! is. Is a shell course related? A slice through?

16 ' MR. DAU: A ccmplete ring. 110 ton. The shell course.'

17 The shipping costs alone are a major part of our program.
i

18 l (Slide.)
.i
'!

19 I This is really a list of things I would 1:ke to spend
.I

r

20 . a little more time talking about. The dual elament transducer
i

'e

21 ] for detection of intragranular stress corrosion cracks, eddy
d

22 p current signal analysis, ultrasonic signal analysis, and now we
1
o

23 are talking about real-time analysis for autcmatic interpreta-
:

1

24 h tion, portable X-ray source stress measurements that I indicated
sc. r, . . .: Re:mnm. inc. ]

,c a
i earlier, and then again this whole area of quantification and"

n

- - , > ),) !
1u v

I!
-
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. . . -. .-. - -. - -. -

pv9

188
,

i

1 verification.
s

2i (Slide.)
1

- 3 The dual element transducer is a concept that has been

4- around since 1969 in Europe, and about two years ago we started

5, work on this~as a possible near-term improvement for austenitic
;

6 ! pipe inspection. It is a partially focused transducer arrange-
,

!

7; ment, meaning.there are two transducers: one acts as a trans-

|

8! mitter, the other as a receiver that intersect at the zone of
i

9. interest that you are trying to inspect. It is no t a true focus,
!
i

10 ! but it reduces the area that is being illuminated with sound
i

11 i so you have less scattering, and hence you should get an enhanced
i

i

I -

12 j signal to noise.
i

(. 13 From experimental work, we have established that 1.5
,

14 megahert: seems to be the optimum frequency. This was done both-
i

|
15 empirically, working with samples removed frcm BWR reacters and

i

!

16 also some of~our automatic signal processing work indicated the
4
u

17 j same region. We have had a fairly extensive evaluation of this
,.

1

181 transducer concept, and it shows that it is at least two to

1

lo ~ three times mere sensitive to the IG5CC condition for detection

20 ; than the conventional 2-1/4 megahertz transducer. These results

21 , have come from a series of tests by test laboratories, samples
b

_
22 ] that have come from GE on field removal samples f rom various

o

q

23 h reactors. And we also have a direct ccmparison of this trans-
o

1
24!! ducer against conventional technology on the Gundremingen

co Fh.ial Reporters, Inc.

25 h samples in our project right now.
p

Y ",
. ,. .

* 1
-
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i

I DR. CORTEN: What is more sensitive?
s

i

2| MR. DAU: The dual element one.
j

3 DR. CORTEN: How do you define it?
.

I

4| MR. DAU: We find cracks that in some cases have a
|

'

I

5! greater amplitude than a conventional technique would, or, in ;

!
6 some cases conventional techniques do not even detect them.

,

i

7; DR. CORTEN: It is twice to three times as good as,
|

'

8i and I was wondering how you were. specifying it.
!

9 MR. DAU: In terms of signal-to-noise ratio; in otheri

I
10 ; words, a crack signal will stand out two to three times as high

|

II as the background noise level as you would find in a convention-:
'

12 al transducer.
i

(, 13 MR. BENQER: Let me try Prof. Corten's question |

I4*

another way. Is two to three times more sensitive a significant

15 improvement?
!

16 ' MR. DAU: Yes.

1,' i

| MR. BENDER: Why?

IS MR. DAC: You have a tremendous amount cf background
,

"
jnoise from the grain scattering and from geometrical reflectors

20 j in the weld zone or the heat-af fected zone that you are inter-
I

;.4 ested in inspecting. If you have an amplitude signal from a
i

, il
- '," d real flaw condition that is two or three times as high cr much

n

a3 |"| energy coming back from as conventional, you have got that much'

!!

24 L more signal to work with, and that much easier for the operator
64 . at Recor+ers. Inc. ,

t

25 i to make a decision.
!

| : [ .i'?,

J J JJd
I,

__ _. . _ . _ _ _ _ . . . . _ . _
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I

I MR. BEMDER: Yes, I agree with the logic of it. But
,

1

2| given a specific flaw size as detectable now, how much smaller,

3 how much different, is the flaw you can detect with this device?:

4 MR. DAU: In the case of the KRB samples, we are find-
t

5 ing flaws -- well, we don't have destructive data yet. Next ,

6 ! week or two weeks from now, we will have. We are guessing that

i

7; in some cases the flaws may be in the order of, say, 50 mills
|

8|
on a 1.3-inch thickness, and we are seeing a signal amplitude

9 of roughly twice the height as you would with the conventional

10 | technology. Or, in some cases we have found flaws or indications
1

I!. at this point that we believe are from cracks that we could not i

12 detect with conventional technology.-
,

13 Unt_1 we get the destructive tests done, which we have-
,

end#17 Id , planned, I can't answer any more specifically than that.
|

15 |
t

16

17 )I

18 )
:

19 j

20 j
J
-I

21.;
;'
i

_ 22 h
:I

il

23 1,,

4

24:|
II

Ace ENetal H eporters, Inc. |

25 ' C I I, 5 )b
f a J -

|
:
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I| (Slide.)ro r' 1

!

2| MR. DAU: The transducer concept is being used by

I

3' most of the service companies performing the ISI on the BWR
i

!

4j reactors in the U.S. right now. This is one area where the |
|I

'

Si technology has moved into the field fairly rapidly. :
I

6 DR. SHEWMON: Why is it used more in BWRs than PWRs? |
s

7 MR. DAU: Looking harder, I guess, for intergranular |
|

8 stress corrosion cracking. It is optimized for that one !

l'

i

9 condition. ,

i

|

10 DR. SHEWMON: Which is basically a tight crack? |
6

6

MR. DAU: Tight crack in the heat-affected zone in fII

I.

i
,

t

12 austenitic welds. I

|i .

s/ 13 (Slide.) !' -

q

Il !

34 Moving on to the area of eddy current signal analysis,;
i

l
15 our major thrust here is to develop the capabiliu; to '

16 i automatically process the signals that come in from conventional
1

i

17 j eddy current pro'es. What we want to do is detect the signals,c

1

13 j classify them from a stress corrosion crack cr from wastage,
1"* and then size whatever classification it is called.

20 This all looks very possible at the present time.

1

21 1 It could be done in real time in the field. The hardware is
li
.;

- 22 h not complete to do the signal processing. The processing
i.

23 t routines, the programming of how you treat the data is about
i

24 l 80 percent developed. And, starting about September, we will
Ac.e.cer i neoor en. inc. i

, a"e y move into an evaluation program of this; first with mark-ups, ,

h
16

,

.,
.

9
-

/ ;

Ih
^

) J
,

l i

e l
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|
t

i

!

Jos 2 1 and then probably six months later, we will move the equiptment '

!
i '

2| into an ISI group and have them do tests in piggyback fashion
!

-. 3i with conventional inspection.
,

4: We also have analytical work underway to support -his .!
, ,

I

5 This is largely an empirical effort here, and these results |
1

6' are already giving us some guidance on what probe designs we

7! should be looking at. And we are also applying the finite
i

8i element analysis technique that is used in structures to mao
i

)

9| out the eddy current flow patterns.

10 The hope is that combining these two, eventually te
.

11 ; will be able to analytically train these processing networks ;
i i

12, to new flaw conditions, and we can eliminate the need for

ks 13 expensive sample program;s' to develop the instrumentation.
I

14 ~(Slide.)i

i

15 There is some radiography that is done in-plant

16 today for confirmation of suspect regicns detected by ultra-
|

!7 , sonic means. But it is hampered because of the lack of --

13 hampered by the lack of an adequate high-energy but perc61e,

19 X-ray source. So we have started developing such a scurce
i

20 using radar technology that has come out of the military area.

;

21 " And we have demonstrated the feasibility of this ccncept.l
.1

-

22 i, The design is completed. The hardware is about

23 |
-

i 90 percent complete at this time. We expect the prototype to

9

#4 1 start into a testing program in the Fall of 1979, and it should
Ace.f ecerat Reporters, Inc. ]

25 , be available for field use sometime in 1980.
9 ,,

' -' , ,h'

J -

4,
-

s'
;6
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ros 3 1 The performance specifications are as follows: it <

|
I

2' will have between a 2 and a 4 in the energy beam. The dose
I
I

3| rate of the beam will be 150 to 200 R. per minute per meter.
,,

4 And the weight is such that the head, the real business end f

I

S i of it, can be handled fairly easily by two people in
I
'

l

6| containment; about 90 pounds is what we are shooting for now. ,

- i

I

7 To give you some idea, the conventional head in the ;!

a shops weighs from 2000 to 3000 pounds. It is definitely not
i I
.

!

9, usable for in-service inspection.!
i

!

10 ! As I mentioned earlier, we are doing a lot o f work
! ,

i

I
11 on optimetic signal processing as a way of taking the :

|
,

12 operator dependence out of the inspectiod reliability problem.!

,

k_c 13 (Slide.)

I !
14 i What we are doing in this case is applying many i

,

16

15 different technologies that are fairly well known in other

|

16 j{areas to this particular problem.
We are borrowing from

17 , radar pattern recognition techrig.:es. Digital techniques have
i
a been here for a long time, but because of the micro-processorla j

19 : we have a convenient way of making it fieldable and portable.

The ultra-sonic physics have been kncwn for quite20 a
1
1

21 i a while. Automation, in this case, we are talking about
4
d

22 o in some cases a completely automated inspection. And then,

o
|

23 , data storage where we can store the complete wave form and
!

24 position of that wave form, so you can go back and replay the
ACG EeuwfPI ReNrters, Inc. i

25 complete inspection in your of fice or laboratory, if you would
n

y ? 7,

h '. )J/
e )
|

1 L

h '
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ros 4 1 like.

m
Some of the benefits that come from this is that we2

1
! can eliminate the amplitude dependence. This is a real j3
i(~

4 problem in current techniques. The amplitude is not always

5 linear with flaw size.

We can take out the transducer characteristics by ;6!.

I

7| a normalization process, and also eliminate a lot cf the
i

! noise producing items like grains or transducer movement. And
8

| from this we can get a quantitative and automatic both |
9 1

'

|

10 |
ultra-sonic and eddy current detection and sizing capability.

t

I
11 The equiptment is portable, programable, with a

I'i

i
12 different software routine it is digital,.and it should be |

'

|

i quite cost-effective because it is a generic instrument and13b-
14 you can modify the application by changing the software.

I

I

15 ! W' 11 have the capability to record and store the
! i
t

16 , data in an archival manner that is no t really possible today.

17- I would like the 35 millimeter projector.

Eilm-)la |

19 What I intend to do with the slides is to go through

20 some specific results, and then shcw you the hardware that
;

i

21 q they sere generated with.
1

22 j (Slide.)
- d

23 i MR. DAU: I will try to go over this. As I mentioned

24 p earlier, there is really two parts to the inspection problem.
J

tce4 si Recortees, Inc. ||
o

25 i One is the detection of the flaw condition that you are
u

O
..

|u
- ,

}
-iv !

a
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,ros 5 1 looking for. And once it is detected, the second part then '

|

!
2 becomes the si. zing portion of it.

J
i

3 So, the primary one that we have to consider is the i
-

l
i

4 de te c t ion . And this is where the work that is underway comes .

5 in, in terms of the signal to noise enhancement. You want to
|
i

6 be able to pick that signal out of a lot of conflicting or i

, i

( 8

7I confusing information. I
i

i

|8; Basically, there are about five basic techniques to
. t
i ,

9 do this. We are working in four of them. One of them is iI

!

10. . to use what is termed a broad-band transducer. What that ;
t

I

i i

11 really reans is that it is broad-band, it hac a lot of .!
i

12 ' frequency content, bu.t it has a very shor't pulse in the time
'

i i

i'

(_i 13 f domain. The signific,ance at that is a smaller volume of the
i

14 material is being excited as the pulse moves through the~
i

, ,

15 | material, and you have less scattering centers that are
!

'

1,6| excited. This then becomes an important way of working with

17 ,, the auncmatic processing as well.
i

le j the focus probe -- there are two types of focuses.

19 The true focus, which the French have worked on. We are doing

20 a the dual element, which is a partially focused, and I mentioned
:

1

211 Ehat earlier. It has a much greater utility than the true
a

i

22 :! focus, because if you have a true focus you have a ve-f limited
i;

23 vol_ae that you can inspect, and it would require a whole

i

24 host of transducers. You could go to higher frequency to get
AceJeueral Recorters, Inc. |

25 j higher signal to noise ratio.
1 i

Y I: I, :) ) I
, . ,

! !
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That is not really an option in the austenitic

m
i

2' materials, becaune of the high attenuation of the signal
!

3' averaging where you can either time-average signals or do
,.

i

|

4, spacial averaging. And then there is the controlled signal

5 approach that Karl Deutsch Company in Germany has developed.
I

6| A system using very narrow rrequency, and you select the ,

!
!

7; frequency and the wave form. |
'

| .
,

It has some advantages. I think our assessment, !

,

il i

9; after having a unit over here and working with it, it
t

10 probably is a trade-off. The advantages.probably match some j
;

! of the disadvantages; the disadvantage being that you have |11
!,

-

. i

I
,

12 to have a more knowledgable person operating it.

k/ 13 I think all of these are in the hand-outs. .

|.

i

14 (Slide.) i

!
i

15 j This is a raw signal coming in from a conventional
!

16 UT device. It is a stress corrosion crack, 25 mils deep.
I

17 i That is about 7 percent of the wall in that sample. There is

i

13 j a ground loop from the electronics which gives this

17 horrendous big signal. And this is what the inspector has

20 to interpret in conventional technology by performing both
3
.

21 time averaging and a match filter concept, which you design a

i

22 i filter to look for signals of a specific type representative
1

23 y of the flaw you are looking for.
't

b

24 ( You can clean it up to this point, and then by
Ace s oer i aeoorms, inc. je

25 ,, running it through the filtering concept the second time, you
i

N
\; i

1 - - j (, f

1

d h ),
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ros 7 1 can come up with a very clean signal like this. .

i
-s

;

i

2 (Indicating.)

3
These results have been generated with our hardware,

1
1 and we think they are very significant.i

4|
5 (Slide.)

) That was 7 percent of the wall thickness. Here is i

6 ,

i.

,

7; one that is 4 percent, 15 mils deep in a 3/8-inch wall l'
,

| |

|
'

8.j thickness.
t i

There are weld reflections counter bore electronicy
I

I

! spikes, and again the cracked signal here. Cleaning it out
10 t

!
I

|

11 | through the same piacess, we will get a much cleaner signal |
l

\ ^

!

12 ! here. But by going through the final det'ector processing
i

1(, 13 ; algorhythm, "unambiguou.ily identify that flaw..

I

! I

14 | MR. BENDER: What is this specimen you are |
!

i . .
!

15 + examining?
!

16 MR. DAU: A piece of four-inch pipe, Schedule 80 --

17 :1 a weld in it of an intergranular stress corrosien cracking
;\

! induced in the heat-affected zone. Almost an exact duplicate
13

I
!

1; of the conditions found in the field on the bypass lines.

.;

20 MR. BENDER: The probe is along the external surface?
4

MR. DAU: Yes, the probe is moving en the external
21

a
22 surf ace -- a 2-1/4 megahertz , share weight transducer at a

!

23 ( 45 degree angle.

.i

24 " DR. SHEWMON: The difference between the v.iddle and
|

Ace-Feueral Reporters, Inc. q

25 |j the last?
i.

i ~) f|b g

|| I .e .) _ |.
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ros 8 i MR. DAU: Two steps. j
I

|m
2i DR. SHEWMON: The second step seems to make so much

I !

| i

3 more difference than the first step does. i

~

4| MR. DAU: You will have to process the signal through ||

1.

I
'

5; this step in order to get it into the form where you can put
i
i

6| your detector algcrhymn, through that signals to identify the
,

! ;

7i specific one you are looking for. It is an intermediate {
} |

'

i step. I'm getting to this.8
1

i
,

9|
In this case, we are averaging several different ;

i

10 i signals taken from the same point and then doing some filtering >
l

!

11 , of that. In the last stage you are doing some low-pass and
,

! i

!CR 5693 12 | high-pass filtering, so you are cutting out the low-frequency

13 , no se. And you have the filter then that is looking for that
(.
end #18 14, specific condition.

!
e 1

l

15 ,
!

i

16

17 'I

i

13 i
1

19

,

20 |

21

__

22h,

23 L
d

i

24 '
Ace 5 si Reporters, Inc. ]
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mgc 1 DR. ZUDANS: Wha t are the indications between zero
m

2 and ten?

3 MR. LIAW: Reverberations in the shoe or at the
'

near surface. Because you know the location on the pipe,4,

5 you don' t worry about those. The dee pest those could be, if

6 they were real flaw conditions, would be ten to 20 mils

7 eacn.

8 DR. ZuDANS: You said you would have to u se

9 specific software that contains the variation f rom this step

10 to that ste p, and for each type of defect, you would have to

11 have a different signal de tec tc r sof tware. How general can

12 you make tha t sof tware?

13 MR. LIAW: The question on the generality of the
,

14 software is not answered at the present time. We

15 deliberatly kept the limits very _ narrow and are attacking'
-

.

16 one problem at a time. Now tha t the a oproach seems to be

17 successf ul, we are developing programs to see how much work

Ic is neeoed to make a generic capability out of it.

Iv At this point I think it is alot core general than

20 we nave allowed ourselves to believe so far. It i s a goo d

21 question. tie really haven't a dcre sse o it in :ne depth 1:

22 n ee cs.

23 DR. ZUEANS: I a ssume to ge t a picture as clear as

24 this, you have to define the precise geome try of the defect

_ 25 in your software.

- ,7
- ,i

_ ~)
s , i
J e
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mgc 1 MR. LIAW: No. You have to define the reflection

''
2 characteristics of an ultrasonic beam reflecting off of a

3 stress corrosion crack. But s cre ss corrosion cracks do not

(~ 4 grow nice and neat. They have alot of geome try to them, if

5 you will. So we are looking at the real condition, and we

6 have the actual reflection characteristics built into the

' ~

7 proce ssing algori thm.
.

8 DR. ZUDANS: Okay.

9 MR. LIAW: That is why it takes so much ef f o - in

10 developing th~e samples, because we have to have real samples

11 to work with.

12 DR. ZU DANS : You may have to scan your signal with

13 many different packages of sof tware for a whole rang- of

14 different --

k' 15 MR. LIAW: Yes. This program was put toge:her to,

16 de tec t in tergranular stre ss corrosion crackingin the heat

17 affected tone of the stainle ss steel welds. That was the

la specific ob jec tion in that.

19 We are no; loosing for f e tigue cracks, the

20 ferritic materiels, things like t ha t . That i s f u ture work.

21 We are trying to solve one problem at a time.

22 (Slide.)

23 And finally we have gone to tne point where if you

24 dcn't have a crack pre sen tly, you have alot of geometrical
,

25 reflectors. You can sort those cut.

.

' !; j ' .1'
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mgc I (Slide.)
,

2 Once you have detected a crack, you locate it.

3 This is the automatic proce ss data in the locations that the

_

programs indicated. This is a replica of the inside surface4

5 of the plant where all of these flaws were present, and this

6 is how they were called out by the pro ce ssing.

7 (Slide.)

8 Now moving to the f eedwater nozzle inspection

9 area, this is a cross-section of the nozzle with stainless

10 steel clad. Here a transducer works off of the blend radius

.11 to cover this area here. You move the transducer here and

12 t he n i t is also rotatec at that nozzle when you look at it

13 from this direction. This is a f our millimeter deep notch

14 t ha t we were using at this time. It does not penetrate the

k/ 15 stainless steel clad.
.

16 I have inaicatec six positions here that we have

17 taken cata. At position one, you'd have moved the

16 transcucer anead a fraction of a cegree, taken a second -

19 signal, t hir d , fourth, on out to si x. And there is aoout a

20 30 centimeters metal patn here, and we are locking at

21 some thing tha t doe s not penetrate nat area.

22 (Slice.)

23 Inis is the typical raw data you would get, and

24 this is the data be in;erpre ted manually by the inspectcr in

25 the field. There should be a flaw signal in eacn one of

'

, .
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mgc 1 those. If you are lucky, you would guess this one, but it
,

2 would be rather hard to pick those up.

3 (Slide.)

4 Sy doing what i s termed " beam f orm" , a modified

5 version of the synthetic aperture f ocusing technique in the

6 maten filter, you can pull these signals out very clearly

7 like this. And these signatures are also real in the remote

6 conversion signals that occur when that primary beam

9 bounces arouno inside that crack.

10 Since thi s time , we have produced thermal fatigue

11 cracks in nozzles. We ha ve go tten back and go tten data on

12 those and are now processing that.

13 We think we are on to some thing very significant

14 in the area of sizing the cracks, moving now from the

kJ 15 detection to the sizing. If you transform this term

16 amplitude signal into a f requency amplitude and then begin

17 to looK at different power ra tios , the amount of power in
_

la :nis par: of the frequency spectrum versus this, we are

ly f incing scra mono tonically in creasing values tha t agree in

20 sicpe at least witn :ne increasing size of the cracks.

21 I :nink we shcrtly will nave One ca pab il i ty to

22 size this as well. It will ce cone by several cifferen:

23 pa ra me t e r s. I nave just indicated one here.

24 MR. EdNCER: When you say sizing, the size

_. 25 parameters are leng:n, capth, width. A.r e tnose the kinds of

,

i-
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mgc 1 things you are talking aoout, or orientation, or some such
n.

2 thing?

3 MR. LIAW: In this case, we are talking about

t 4 depth, and it could be the length but not the width of the

5 crack.

6 MR. BENDER: How about orientation?

7 MR. LIAW: Well, the two examples we are looking

8 a t, we know pre tty well what the orientation should be, so

9 that isn't as big a f ac tor as it might be in other cases.

10 Most of the stress corrosion cracking cases are

.!! circumferential. We have been able to detect those that

12 have been off-axis some, but we ft. we can handle tho se

13 conditions.
.

_

If you are talking about a crack that might be in14

Q "

15 the middle of a ve ssel wall, I am not really commenting on
,

16 that.

17 MR. BENDER: This is really surf ace cracking,

le primarily, and in piping nozzles primarily.

iv MR. LIAW: Yes. These two are the one s. If we

20 can lick those two, t ne n I :nink we have got :ne technclogy

21 case cc work cn the 0:ners. Inis s the ecui pme n: tha: is

22 ceing developed to ac :ne automati c pro ce ssin g. It is le ss

23 than 35 pcunas in eacn box, so it i s Oc ta lly por table anc

24 easily transpcr:able. The instructions are put in oy a tape

25 cassette here. You maintain a comple te digital recera of

- < 7 ~7
i .) ' , !

. . . - . . --- .- .. .___ ---- -.



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

69319067 204

mgc I the wave form and position on this cassette. It is very

''
2 similar to the cassettes being used in the back of the room.

3 This is the paper tape readout to help the

~

4 operator give him a shorthand note of what is going on. And

5 basically it is a portable computation cen ter.

6 It also has provisions f or a telephone mode

7 connection so you can communicate to a master com pu ter and

8 put all of tne batch duplicated data in a utility data bank,

9 if you wanted to.

10 (Slide.)

.11 This shows some of the equi pmen t being se t up an

12 o pera ting. You do all of the communications through this

13 hand-held computer terminal. You talk with it in
.

14 conversational English. It will prompt you and ask you

ks 15 questions -- if you want to scan, wha t area do you want to

16 scan, wha t is the transducer number., who is the operator,

17 what code name , wha t is the date -- and you can punch all of

18 that inf o rmation in.

19 (Slice.)

20 It also automatically con trols the scanner, ano

21 this is tne Scutnwest Research Institute pipe scenner ceing

22 used to generate tne ca ta :na t I showec earlier an tne

23 f our-inc n pi pe tnat came cut of the General Electric pipe

24 test laceratory.

_
25 CR. SHEWMON: That is an unprepared surf ace on

'. f li. m',
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mgc 1 the pipe. Right? It is not ground flat?
-

2 MR. LIAW: That is correct.

3 (Slide.)

i 4 Go ahead.

5 The se are the actual welds, and it does not

6 require anything special.
.

7 (Slide.)

e inis is the nozzle scanner at Southwest Research

9 Institute. The transducer areas are setting in here.

10 ( In dica ting . )

11 The signal processing program was formula ted

12 around the idea tna t we had to use conventional pulser

13 receiver technology, so we didn't require .he industry to

_

14 make a ma jor new inve stmen t in detection ccoabilities

kJ IS instrumentation, and we also used available scanners so we

10 wouldn't have to undergo that expense until we were sure the

17 technology nad worked.

16 (511ce.)

19 Some very recen t re sult s that we generatec. Ca s t

20 stainle ss is always a problem. In :nis case, we ha ve part

21 of, I :nink, a valve cody . The cojec tive here ,tas tc s no w

22 :nat you could use ultrasonic as a sizir.g tool. This is

23 abou t two and a half inc he s. There is a hele acout cne inch

24 deep.

- 25 ( Inoica ting. )

o

e t
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mgc 1 (Slide.) ,

m
2 Conventional technology sends out waves. If you

3 send traces like that with a signal noise ratio of
_

4 e ssentially :ero, there is no way you can get a signal down

5 to the back side of tna t part and back again and make a

6 decision using some of the .inear proce ssing tec hnique s.

7 We have got a signal to noise ratio of about f our,
,

8 but by going to some non-linear proce ssing techniques where

9 you weight the de tection func tion diff erently, you can make

10 this determination quite ea sily. And the results com pu ted

!! off of this trace agreed within two percent of what the

12 physical measur ement was.

13 I think there is some hope in the stainle ss

14 inspection area.

ks' 15 (Slide.)

16 I have one final viewgraph. The questicn was

17 asked earlier, how do you get your results into the field?

la That wasn't the e xac t q'uo te of the question , but I think
,

19 that was the nrust of it. Tha : is some thing we have ceen

20 very ccacerned accu;. So about one year ago, we star ted

21 talking to our Industrial Acviscry Commi ttees and Board of

22 airec tcrs acou t ways that se could do some thing acon c :nir

23 problem, ta tna; our re searcn re sul ts got into the field as

24 quickly as possible.

- 25 Ine concep: tha t wa s presentec was to oevelop a

,

|
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mgc i dedicated utility industry center with nondestructive

2 testing capacility. The focus of this center is to provide''

3 technology transf er which can be a very specific definition

|'' 4 or very nebulous.

5 In our case, what we really want is to be able to

6 turn equipment over to this center, like the automa tic

7 processing equipment I just snowed you slides of give it

6 to these people who really con't have a bias and have them

9 check it out in actual operations, make engineering

10 modifications if necessary, and once they are satisfied with

11 it, set up training courses f or the utilities and seruice

12 companies.

13 Also included in here would be things like

14 cevelopment of a data base on defect de tection probability,

k_/ 15 all of the informa$ ion that is necessary to, put together a

16 code -- a good soll'_ code.

17 Ano ther f unction of this center would oe

18 training, and in this case we would be addre ssing these

19 people wno nave a basic knowlecge of nondestructive testing,

20 cut train :nem to :ne specific ccmponents cr systems tha t

2! :ney will nave c inspect in nuclear power plants.

22 One of :ne tnings :na gces along at:n :nis is

23 full-size mock-ups, so tha :ne ceople have a good

24 understanding of wna :he physical restraints are of an

25 inspection before they ac tually ge t in to the raciaticn

is

, - - . - - - ~ -. , - - . -
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mgc 1 environment and have to deal with it.
n

2 The third objec tive is the long term resource

3 d e ve lo pmen t, both in terms of people -- and specifically we

''
4 are looking for academic in vo lvem en t here to help get more

5 people interested in the whole area of nondestruc tive

6 testing -- oo th a t the re search level, the engineering

7 level, anc also at the technician level -- so there will be

6 a f airly significant amount of resources put into working

V with academic institutions to try to get a long term

10 solution to the manpower problem that we all face.

11 Also included will be some applied research. This

12 whole center concept does not replace EPRI or R&D program

13 whi:h I have been reviewing, but it really supplements that

14 and should make it a much more valuable program because we

k- 15 hai a mechanism of ge tting the results evaluated and into

16 the field wnen n eeded.

17 Specific benefi ts we have been able to iden tify so

18 f ar is to speed the transf er cf the R&D re sults into the

19 fielc -- bo th in terms of qualified equipment and qualified

20 procecures. We hope to 37010 any commercial bias. de will

21 nave a mechanism oy wnich we can qualify ' n s pe c tion peo pl e

22 f or the utilitie s anc the service com pan i e s .

23 Anc we'll have some quick re sponse cap acility to

24 get on top c: new generic problems, to cefine what the

25 problem mignt be, anc reccmmend re search programs to solve

, - >,n
~

J i=,
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mgc 1 them.
m

2 The status -- the Board of Directors of EPRI

3 approved S60 million for a five year effort for this center
,n.
6 - 4 on May 2. We have got the Request for Proposals issued, and

5 t he proposals are now in, and the proposals are under

6 evaluation. Our goal is to have the proposals evaluated and

7 contract negotiations completed for an October 1 s ta r t-u p

6 this year.

9 DR. SHEWMON: Would you pay for bricks and mortar?

10 Would you go out to some place like Southwest and put it on

11 their place, or what are you talking about?

12 MR. LIAW: I will be a contractgor-operated

13 f acility, operating under a contract vith EPRI. We have

14 specified in there that in the case of Southwest, t he y ha ve

('
15 to . assure us that there will be no conflict of interest with

~

lo tneir other activities -- in service inspec tion ac tivi tie s,

17 so we have four proposals in place right now f rom f our very

le diverse organizations.

!9 We intend to rent the facility. We will cuy some

20 of ne equipment nat is needed to ge t it in opera tion.

21 Some of the pro posers have agreed -- have proposed

22 cost-sharing with us.

23 OR. SH EWMON : Fine.

24 DR. ZuCANS: One li ttle que stion. I am still very

- 25 much interestec in tna crack prograni that you hav in there.

I t. '. , 7
) JJJ
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mgc i Did that involve only the shape or also the size

m
2 of the crack?

3 MR. LIAW: For the detection portion?

4 DR. ZUDANS: Yes.

5 MR. LIAW: We have worked with all diff erent sizes

6 of stress corrosion cracks, so we didn't want to develop our

7 processing algorithms on a 20 mil deep crack and not have it

8 apply to an 80 mil. So we tried to work up the whole

9 s pe c trum .

10 DR. ZUDANS: It occurred to me that you could

11 probably incorporate a variable within that program and scan

12 different sizes of the same crack, the geometry, and

13 de termine the size.
.

14 MR. LIAW: Yes. It appears that is possible.

k- 15 However, the approach that we have taken is to do a quick

lo survey and identify suspicious regions f or cracks, go back

17 and do a more detailed survey, and if you can angle the

le transcucer ten degrees plus or minus, you get a tremendous

ly amo un t mcre information. And your confidence of making a

20 decision is greatly enhanced. So we are looking at i t both

21 ways.

22 Iceally, you would like to be able to do it on one

23 pass because it is a much more economical inspection. But

24 if you were coing it automatically anyway, anc you don't

. 25 nave a man in the raciation zone, you can afford to go cack

' *

>. ..

a
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mgc 1 and confirm witn the transducer.
m

2 DR. SHEWMON* Thank you very much.

3
.-.
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gsh I (Pause.)
m

2 MR. DANKO: My name is Joe Danko. I am with the

3 Electric Power Research Institute, the nuclear systems and

~~'

4 materials department under Dr. Zabrowski. I am involved with'

5 materials development ac tivities and materials projects in

6 the nuclear systems and materials department.
*

7 I plan this af ternoon to cover the materials
,

8 development proj ect s ongoing at EPRI .

9 Before I begin, I would like to make a comment. The

10 reason that Gary Dau preceded my presentation is that what

11 he presents is a natural flow into some of the information

12 and projects that I .will be covering.

13 I also want to comment that my presentation will

14 be rather general, out give you an overall view of wnat the

'

- 15 activities in the materials area is.

16 I have had an opportunity to quickly glance at

17 Dr. Cowan's presentation which follows this af ternoon. And

IS .much of the inf ormation that' I have he w til cover in greater

!? detail.

23 (Slide.)

21 The presentation that I will cover will include

22 the specific program are as of pipe chemistry and corrosion

23 with specific attention on the SMR pipe crack.ing proolem,

24 briefly touching on fhe PWR steam generator projects, and

25 discussing some of the basic thermodynamic work that is going

. .

| A,

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



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

693.20.2 213

gsh I on in the high temperature aqueous environments.
-

2 Also, then, moving into the plant materials and

3 processes, looking at specifications and processing of

4 materials, briefly touching on the steam turbine materials.

5 This is a major e ffort in our organization. I don't plan to

6 spend too much time other than to show that we do have some

7 activities addressing the problems associated with steam

3 turbines. Fabrication techniques in the field operations

9 technology under the plant materials and processes will also

10 be highlighted.

.! ! The area of the primary and secondary pre.ssure

12 boundary which covers materials properties characterization,

13 materials response characterization, and finally, the
,

14 engineering analysis of components and structures in the light

' 15 water reactors.

16 The thrust of the progrcm that we have is really one

17 that addresses the reliability and availability of lightwater

13 reactors.

19 And the emphasis of my presentation will oe one some

20 of the key highlights and the mejor orogram activities.

21 (Slide.)

22 This viewgrach presents a materials and corrosion

23 program logic tree. And you will find as i move th.ough the

24 presentation we have each of the major programs presented in

25 such a manner.

~l)i I
>
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gsh ! In the materials and corrosion program, the three

''
2 specific areas we have are the plant chemistry and corrosion,

3 the plant materials and proce.sses, and the primary and

4 secondary pressure boundary conditions in lightwater reactors.

5 The objectives covering the plant chemistry and

6 c o rrosion , of course, is to develop a technology to avoid

7 high impact problems caused by corrosion-related proc ess es

8 occ urr ing in the PWRs and the SWR reactors.

9 The objectives of the plant materials and processes

wo ld include the assurance that the materials employed in the10 u

J1 critical nuclear plant components structures have properties

12 that are consistent with the design requirements that will

13 meet the reliability and safety needs of the reactors.

14 And finally, in the area of primary and secondary

kJ 15 boundary conditions, the objective here is to make .sure that

16 the methodologies are at hand and to develop these

17 methodologies that are required to provide the analytical tools

13 and the techniques and the statistical data to ensure that

17 there is continued saf e operation of the pressure boundary

20 components and structures in the nuclear power plant.

21 Now Gary Dau has presented the work of the

22 non-destructive examination. I would like to mention tnat

23 that is very closely coordinated with the projects in the

24 materials area.

25 (Slide.)

v.

-
m
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gsh i The plant chemistry and corros ion logic tree,
~'

2 Gary mentioned it covers the PWR steam generator area.

3 As you well know, there is a steam generator

4 owner's group that is addressing the question of the steam

5 generators in the PWRs. And the support that we have is

6 primarily on a peripheral basis, providing support to that

7 particular group. It is a separate organizational entity and

8 they are covering things like tube denting, the mechanism of

9 tube denting, looking at the corrosion and the corrosion of

10 the secondary side and how the corrosion gets into the

J1 caustic stress corrosion cracking of the tubes and examining

12 the secondary water chemistry conditions.

13 In the area of BWR piping, there is an extensive
,

14 activity covering the stress corrosion cracking of the

d 15 austenitic stainless steel piping as it relates to the

16 circulation of the piping system covering the materials and

17 alternate ma terials looking into the welding f abricat ion

la methods and what can be done there to improve the welding

19 to reduce the effects of stress corrosion cracking.

23 And finally, addressing the various environmental

21 factors associated with the SWRs.

22 Th e ba sic thermodynamics covers the f undamental

23 studies, the high temperature, high purity water s ystems, and

24 the eff ects of impurities in this s ystem, and relating that

_
25 back to the actual plant operations.

- ,. n
*

) ] |,
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gsh 1 And there is an implementation phase where the

''

2 f eedback goes into the PWR steam generator problem area,

3 as well as the BWR pipe cracking area. -

4 There is an instrumentat: 7n activity. Specifically.

5 we are trying to get a better understanding of crevice

6 corrosion rates and crevice corrosion behavior as it relates
7 to both BWR and PWR activities. And to actua.lly get

3 instrumentation involved in the steam generator and in the

9 BWRs to get a measurement of the corrosive activity of the

10 environments.

Il In the area of fundamental corrosion, we are

12 looking at the causes of stress corrosion cracking. The

13 tube denting, trying to establish the parametric e ffects,

14 looking at basic crevice effects, trying to understand what

k' 15 specific conditions give rise to crevice so that this can
,

16 f eed back to the design engineers. 'Hopef ully, he can design

around.cre ice conditions, knowing what the specific17 v

IS dimensions are that lead to a crevice e ff ect. And also,

19 evaluating corrosion products.

cv ine turoine cracking area I have already mentioned.

21 We are working in this area primarily looking at the disk

22 f ailures, corrosion f atigue of the disk materials and the

23 contaminants in steam.

24 And again, there is a f eedback t he r e from che

25 high temperature the rmodynamics of the aqueous environments.

E'6 360
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gsh 1 As you can see, there are 22 projects underway in

'

2 the plant chemistry and cor.rosion area. And the total value

3 of thc 'e pro jects for. this calendar year is approximately ;18

['i 4 million.

5 DR. SHEWMDN Before you leave that one, one of the

6 cuestions that came up this morning had to do with tne effect

7 of plant chemistry on environmentally affected crack growth

8 rates.

9 Some place in here , . basic thermo-dynamics, the

10 data base for plant operating temperatures. Are you talking

31 about actually measuring at temperature. things like oxygen

12 content or pH7 Or is that in lab systems that you hope will

13 simulate?
* 1

14 MR. DANK 0: The laboratory work, Paul, addre sses

kJ 15 getting some basic thermodynamic information on the

16 environments. There are actual interactive measurements gcing

17 on that I will comment as I move through my presentation.

!S We are covering both aspects of it.

19 OR. SHEWMON: Okay.

20 CS11de.)

21 MR. DANKO: On the plant materials and processes

22 suo-program, we are covering specifications and proce ssing of

23 materials covering the variety of materials that are used in

24 the construction of lightwater reactors. The steam turoine

25 materials , again, looking at the r;11 ability and the quality

v\UJ'
,

i_',

,wm - w - wwaw g wm - -e -e -+



_ . .

693.20.7 218
.

gsh 1 of the materials, the area of fabrication techniques,

''
2 examining the specif.ic area of welding, . welding equipment,

3 automatic welding equipment, hard f acing materials primarily

4 a ddre ssing the question of low cobalt wear-reslstant materials

5 to read us the cobalt build-up and transfer.

6 In the field operations technology, thls is a f airly
*

7 large activity here. 'ooking at actual components from the_

8 field and the remo"al of some of the components we are

9 attempting to straln gauge to find out how much relaxation

10 of residual stresses occurs. And performlng an extensive

11 post-test examinatio^ of these components.

12 There are l' projects underway. The total value

13 of the se projects for tr.e calendar year is approximately $9

14 million.

k- 15 DR. CORTEN: Something like this where you are.

16 working on the utility to take something out of service, I

17 presume, that they are testing something as well?

18 MR. DANK 0: Generally speaking, the utilities are

19 working, of course, with ERRI very closely. If the re is a

20 failure that occurs, we are informed. de make a request for

21 that specific component or structure. They will shio it to

22 us and we will pay for the expense of shipping and tne

23 post-test examination.

24 And what we request from them is background

25
_

information with respecc to tne operational details and other

'

, ,,

' **
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gsh I f actors related to the f abrication of the components.
-

2 (Slide.)

3 On the primary and secondary pressure boundary

4 sub-program, one important aspect.here is to Iecognize that

5 .the information generated by the non-destructive exam ina tion

6 is a direct input into this particular sub-program. And it is

7 e tremely important.x

8 It is from the analysis of the flaws that are

9 present in the structures and the components that we are able

10 to do a fracture caechanics analysis. In order to do this

J1 properly and successfully, we have materials property

12 characterization.

13 Primarily.. this area addresses the characteristics
,

14 c' the materials such as fracture toughness, and we measure

k-' 15 the f racture arrest and crack arrest characteristics of the

16 material.

17 There is extensiva work going on in environmental

13 f atigue of the mate rials . And looking at the radiation

19 e ffects and the annealing ef f ects of radiation damage. And

20 f ina lly , tne material de f ect characterization.

21 This f eeds into this material response

22 c harac t e r iza t io n , which is really the fracture mechanics

23 approach to determine the life of a component once there are

24 de fects cicked up and the size of the defects have been

_ 25 determined.

E/| UUJ
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gsh 1 I' relies on things like continuing mechanics. the
-

2 elastic plastic methodology, plastic methodology, and a

3 comple ta analysis looking at it f rom a probabilistic f racture

4 mechanics standpoint and a f atigue life analysis.
s

5 So this is a very important study, and as I mentioned

6 relies very heavily on having good non-destructive examination

7 techniqu s at hand.e

8 No w the projects underway here, there are 23

9 currently ongoing with a total value of approximately $18

10 million for this. calendar year.

.11 (Slide.)

12 What I would like to do is to briefly dcscribe some

13 of the key n ojects and go over some of the highlights and
,

14 accomplishments of these projects.

k/ 15 In the area of the BWR pipe cracking, we have had am

16 major effort underway addressing tne problem of SWR pipe

17 cracking since 1975.

18 The concern here, of course, is the three or four
,

19 stainle ss steel that is used in the recirculation piping

20 system for the boiling water eactors. A major effort is to

21 develop and qualify an alternate piping material that would

22 r re s is tant to stress corrosion cracking for the plant

23 lifetime.

24 And this material sould also cover possible repair

- 25 replacement of piping on existing plants.

I / ), bNU
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gsh 1 There is an area of what we call counter-measures
-

2 for intergranular stress corrosion cracking. There are a

3 number of plants that already had committed to the use of

4 304 stainless steel for impartial construction..,

5 It was necassary to come up with counter-measures

6 that would permit the use of that 304 stainless steel, and

7 the counter-measures include a solution heat treatment of the

8 . shop welds of the 304 stainless steel piping.

9 This would eliminate the sensitization that has

10 occurred in the weld heat affected zones, as well as

.11 eliminating the weld residual strasses. The applicativa of a

12 corrosion-resistant clad, the concept ._ ._ apply o T the

13 idea of a pipe a duplex material, one of ostenetic mitrix
,

. 14 with about 8 percent minimum delta ferrite.

15 This microstructure imparts a very high resistance-

16 - stress corrosion cracking, protecting then the weld heat

17 effected zone that is sensitized and also eliminating the

18 effects --

19 DR. SHEWMON: We are somewhat tight en time and I

20 think we nave neard some of this. I wonde r if you cc uld --

21 MR . DANK 0 : I will cover t'iose items that will not

22 be acdressed in Bob Cowan's presentation because there is a

23 considerable overlap here.

24 DR. SHEWMON: Fine.

. 25 VR. DANK 0: Environmcotal control was brought up tnis

.a:,
-*'| \) U J-
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gsh ! mo:- . I .think there were some questions raised of

_' 2 Chuck here.

3 '1e do have programs in place to evaluate deaeration
~-

4 eff ects du ing start-up on the stress corr,s. ion cracking ofr

5 304 stainless steel. Also, we are going to examine the

6 effects of resin intrusion which causes changes in the water

7 chemistry and how this might affect the stre ss corros ion

8 cracking of 304.

9 Ne have a program where we are negotiating with the

10 Swedes that uses a different deaeratlon technique to actually

J1 monitor the water chemistry during their start-ups, and also

12 to evaluate the e ffect of their start-up conditions on

13 stre ss co r.rosion cracking.
.

14 DR. SHEWMON: De ae ration -- you mean --

k- 15 MR. DANK 02 They use a nitrogen blanketing technique.

16 And they have had no f ailures in any of their 304 sta inle ss

17 steel lines to date.

13 Sut there are other complications. They do have a

19 very tight spec on their 304 stainless steel. It is not clear

20 whether it is the tight spec on 304 stainle ss steel or the

21 deaeration.

22 de do want to address this and come up witn a

23 conclusion of whether it's beneficial.

24 DR. SHEWMON: The Jaoanese are deaerating?

_

25 MR. DANK 0: Yes, on most of their plants now. And

I- b
,
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gsh I the one plant they have, which has been deaerated during the

m
2 initial start-up Shimoni (?. plant, as far as I know, they

3 have had no strass corrosion cracking.

4 That has been operating about five years. We have

5 mechanistic studies on sensitization and low temperature

6 sensitization. And we are in the process of evaluating some

7 of the KRB specimens to look at the low temperature

3 sensitization.

9 We have also requested some specimens from the

10 Gariglioni (?). That has about 15 years of operations and

Ji we can assess the e ff ect of the low temperature sensitization.

12 The PWR steam generator is under the owners group and the

13 intent there is to assist them in solving the denting and
,

14 stre ss co rrosion cracking of a.11oy 600.

15 Most of these ltems, with the exception of the-

16 thermodynamics of high temperature water, will ce made by

17 Sob Cowan. So I will cove on to the next sheet.

13 (Slide.)

19 One of the ke'/ items that has come out of the
20 program on residual stre ss measurements is that the residual

21 stresse s associated with the 304 stainle ss steel weldments

22 play a very important role .n the stress corrosion cracking

23 behavior.

24 I will present some curves on that shortly. We have

25 a program to evaluate alloy 690 f or SWR applications as a

,

0
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gsh I replacement for alloy 600. And there we re some cracks and
n

2 leaks in the Duane Arnold alloy 600.

3 We are pursuing the development of automatic remote

4 welding equipment as it relates to pipe repair replacement.

5 The intent is to reduce the exposure of personnel to the

6 radiat ion environment and hopef ully, come up with rugged

7 equipment that can be done with a minimum of inst a lla tion

8 time and produce reliable weldments.

9 High isostatic processing in nuclear castings.

10 Many of the castings I rejected because of internal defects.

.11 And this approach is to reduce the number of rejects using thes

12 isostatic process.

13 And it has proved successful.
.

14 Kinetic bonding of condensor tubes is a new program.

$1 15 Looking at.a more economical way and one that produces a very

16 reliable joint between'the tube to tubesheet in the condensors.

17

18

19

20

21

22

23

24

_ 25

~ 'I CJb'
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I (Slide.) |,

2 This is a quick summary on the carbon steel. This

3 will be covered by Dr. Cowan.

4 The isostatic processing does reduce the internal i

i

1

5 porosity and improves the q uality of casting. The net result i

I
,

6! is properties closer to forging materials than casting
|

7' '

materials. From the impurities standpoint, it has been found

8' that small amounts of nitrogen, less than .1 percent, in ;

9; 304 stainless steel, improves the resistance to sensitization.
I i

MR. BENDER: I have a couple of questions. {10
i

!
11 First, when techniques like this are proposed by

12
~

EPRI, is there some kind of understanding with NRC concerning.

I
I.

k; 13 the qualification recuirements for ".hese new technicues? How !

I i
-

I4 '

j is that handled?
,

i i

15 | MR. DANKO: The transfer we have is to our utilities

16 | task force, where these programs are reviewed, presented. And

l '' that information is immediately trans f erred to encut. We have

I3 a vide distribution report to architect-engineers, to vendors,
a

19 i to the NRC. And again, throagh these reports this information
i
i

20 is translated to them.

21 We also have review meetings whereby .:ey information,,
a
I

_

2' '1 is disseminated to the technical community to make them aware'

23 of these advances.
i
I

} '4 |

MR. BENDER: Let me be explicit. If you develcp a
A c.., .,r.i n ponen. inc. ;

.

t

25 [ new kinetic explosive bonding tec ligue for tube to tubesheet
4

1

, .,; ,

} -) !,

_ __ __ _ _ _ . . . . _ _ _ _ _



-- -- . -. -- .-

226mte 2

!I attachments , or whatever it is you are talking about, how wculd
.,

2 that process be introduced into the reactor system technology?
|

1

3I Through the codes or how? |
i

4 MR. DANKO: There are several vehicles by which this !

!

5 can be acconplished. The particular program we have in place, ;

I -

1i

1

6| we have a worki:.g group which includes the condenser manu-
,

i
.

7, f acturers , utility members and EPRI people who are guiding the ;|
i

! l
'

8 program.
l,

I9 Assuming that the technique is successful for the !i
'

I
!

10 ' fabrication of full-sized condensers, the utilities can request,'|
|

II through the AE, that they want that particular condenser
i

12 technology; or the AEs themselves, being aware of this, being |

(_; 13 | '

party to this progra', can recommend to the utilities to go ,

I4 with such a condenser. That would be a balance of clant
t

-

15 |iactivity. And particular vendors may not have the option of
|

16 s91 cating that.
i

7, Eut through the AEs and through the utilities , that'

12 would present the best venicle whereby tha t technclogy could

l ,' s
be implemented into actual hardware.

20 ' MR. BENDER: Eut you wouldn ' t go through the regu-

21 ' latory approval process to sea if any regulatory concerns abcut

22 j the use of that technique --
n
it

23 ' MR. DANKO: Where there would be a concern, we would

24 do that. And : think in 'his case there would be no need for
Ac.. ...,.i n.corte,s.inc.

25 NRC approval of that particular technology. Correct me if I
!

'
,

- r.
i '

5g
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1 am wrong, Chuck. ,

j-s

2| MR. SERPAN: I don't know.
I

3' MR. DAU: On things that are direct regulatory
i

'
I
I l

4 nature between the utility and the NRC, our management has taken,
I
i

5I a fairly strong stand that that is really to be done between |
|

6 I the utilities and NRC. We are not to get in between that. !
!

l

7 We provide the technology, we try to see that they are made !

i
,

8 aware of it to the best of our ability. If there is a licensingi
i

9 action required or a regulatory action, that has got to be done |
t

,

i
10 between the individual utility and the NRC. j

-

,

I i

li l MR. BENDER: Thank you. !

,

l
12 (S lide . )

'

I

k,/ 13 DR. ZUDANS: One little question. Is there any --
,

4

i
14 any of the existing steam generators or heat exchangers or

i

i

15 i condensers, actually built by using explosive bonding of tube
:
,

16 ' to tubesheet?

17' MR. DANKO: Not that I know of.
t
i

18 ;l MR. ETHERINGTON: Is that equivalent to an expanded
l

19 tube?

20 MR. DANKO: Just use an explosive charge, and it is

21 '! really an ex,.losive bonding technique. And you p lace a small

22 j charge between the tube to tubesheet, and it expands the tube
i

J

23 j out to the tubesheet, effecting a metallurgical bond.
J

l

24 !! MR. ETHERINGTON: It is metallurgical?
I

Ace.6 erat Reconen, Inc.

'' 25 MR. DANKO: Yes, it is metallurgical. The failure
,

,
-

| | j k
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l
!.

1 is occurring in the base pipe area, not in the joint. !
;s

2 DR. ZUDANS: It doesn't mean metallurgically; it is
i

3| just expanded, that's all. I saw this used by Foster-Wheelar.
!

I |

4| They developed the technology. 24-inch tubesheet; how can you j
,

I
> expand it? They put a charge the whole length. I thought there;

:,

6! were heat er: changers like that. !
|

7| MR. DANKO: There are none in operation that I know i

!S of.
I
'9, MR. ETHERINGTON: I am not sure what you said. You

|

10 |' say it is like an expanded joint?

Il DR. ZUDANS: It is the same thing. They put the !
: !

12 | charge stick in the tubesheet.
|

*

,
'

|
|

ka'
'

6

13 MR. ETHERINGTON: I thought you said it was
!.,

14 metallurgical? ,

t

15 MR. DANKO: It is a metallurcical bond. We havei

i

16 ! examined it. You have a tremendaus, you know, sonic , ave

17[there. It is a metallurgical bond.

4

18 And in fact, the other interesting aspect of this,.

!

I9 you talk abcut the Rowe bonding technique it is work hardenad.
i

n,0 This is not. Af ter this was done, they took the hardened4

21 traverses, and it is like annealed material.

-
22 DR. ZUDANS: It is a question to be used. Why isn't

i

23 | this used in industry? I thought Fcster-Wheeler was making

u
these tubesheets for other people."

Aceheral Reporters, Inc. ,

23 MR. ETHERINGTON : There is a difference in the
,

i

, ,
r

h*

() IL
- --
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I mechanism. You are really expanding the circumference, to j
-s

l !
'

2 | lengthen the circumference, and here it is a radial movement.
i

3' DR. ZUDANS: Which lengthens the circumference as I

i

4 well, but also applies radial pressure.
I

5 MR. ETIN RINGTON : It is a different pressure. f

6! DR. SHEWMON: Could we go on?
-
,

i

7 MR. DANKO: In the area of f atigue crack growth of ,

1 !
I ,

8{ pressure vessels, work is under way to measure the crack growth :
1

i

9| pressure vessel materials in both BWR and PWR environments . !

10 | There is a new program under way which is to develop a methodo- !
I

I
I logy for handling plastic fracture, and we need to understand fII

Ii,
.

'

-

12 i the behavior or ductile materials as they move into the

k r' 13 complete plastic regime and how they behave from a f ailure
i
4

14 standpoint.

'

15 We have already touched this morning on Chuck's

16 presentation on neutron embrittlement of reactor pressure
.

l ,' 1
- vessel materials. We have a program which is coordinated with;

I3 the NRC to eximine the saturation effect as it relates toq
u

U l Regulatcry Guide 1.99. There is a program under way to
-|

|

20 ! examine the annealing requirements of embrittled pressure vessel
;l

21 j materials . If this is required, what is the procedures , what
1

22 is the best technique, and what are the necessary time-

23 3 temperature relations to rencve some of the neutron damage
o

,s I!
M from the pressure vessel material.'

Ac..%er. nemrters,inc.j
25 Repair welding of heavy section nc: le steels. This

>
,

, ,' i

| Q>a f
'

<

i
,
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I is a program which relates to how to repair a no::le similar
,

2 to the BWR feedwater no::les that have thermal f atigue cracks ,
.

I

i
'

3' and it also relates, perhaps, to the feedwater no::les on the |
|

1
steam generators that currently have been found in a rumber of4 '

s|

5! pwns, .

i i

6|i
'

And finally, there is the BWR pipe integrity studies.

7 This is really to examine a large diameter pipe. Keep in mind |
t

t
8, that the KR3 Unit A did have cracks and leaks on 24-inch r

!
1

1

9, diameter stainless steel piping; and can the concept of leak j
l
i

10 | before break still be valid for the large diamete. lines?
!

II I DR. ZUDANS: Were they in the straight ground or !

"

12 | discontinuity on the big pipe? i

| |
i !

k_/ 13 MR. DANKO: They were on the no :le side, which was !
i

'I4
! sensitized, and on the pipe side they were circumferential.'

15 iAnd in the pipe side, scme of the cracks were extremely long,i

|

16 | very large near the heat-affected zone.

17I (Slide.)

i8 In terms of the BWR pipe integrity studies, an
;

1
I9 analyrical study has been performed based on actual measurements

20 !i! of through-wall residual stresses, of a 26-inc.. diameter 304

21 ' stainless steel line. The analysis shows that the weld

22
_

residual s tresses play a very important role in the stress
b

23 j| cerrosion cracking susceptibility of the 304 stainless steel,

h24 and that, based en the results , it wculd suggest that the large
Ace.Lral Reporters, Inc. ;

'25 ' lines may be less failure-prone than the small lines, because

~ .

li.;J '

I- _ ,
,

.
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,

1 of the state of residual s uresses through-wall that are quite j

|s

2 different than for the small lines, the bypass and the core |
\

i

3t spray.
i

l

4 DR. CORTEN: Does that depend upon the number of j

!
,

'

5I the weldings?
;

3

|
6' MR. DANKO: It is the entire welding process technique..

7 And the analytical studies that have been done show that the

t

8' final pass really is a controlling one in terms of establishing

9| the state of residual stresses in the weld heat-affected zone.
i
1

10 DR. CO RTEN: Have we gone over those processes so
| |

11 we 1. row wha t we have got? !
I

i
;

12 MR. DANKO: That is falling out'of the present j
,

5 |

(_/ 13 | project. It is a very important finding and it is one that |
'

.

i-

14 you car control in the process of your weldings. Ed Ribicki

15 at Battelle Columbus is doing that work.
,

!

'6' DR. ZUDANS: That is analytical?
i-

17 MR. DANKO: Yes. The through-wall stresses have been

18 I measured at Argonne.
1
.

M' DR. ZUDANS: The small pipes are more sensitive.
i
1

20 Is there an explanation why small diameter pipes are af fected

21 mcre? Is it because the working stresses are in principle

22 ' lower in smaller diameters than in larger diameters?

/
23 ' MR. DANKO: The ar _ysis in NEDO-21,000, plus the

1

24 analytical werk in the measurements done under EPRI projects ,
Act . ,ral Reponers. Inc ?

'

2.C , acain it falls out that the weld residual stresses are probably
i

I

|.
. . .

UiJ;

!

!
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,

|
,

1 t he dominating f actor.
},

|

-

2 DR. ZUDANS- For all sizes? 'I
;

3 MR. DANKO: All diameter sizes. j

|

4 DR. SHEWMON: They also concluded that the residual

5I stresses were larger in the small pipes? Was that the story i

|
! '

6| at one time?
I

l

7 MR. DANKO: Yes, and that is still true. >

I
l

8 DR. ZUDANS: That is the que.stion: Is it because of
i
!

9' the more three-dimensional nature than in the large-diacc. eri

10 pipes?
i

11 ' MR. DANKO: The nature of the weldment in the small
'

;
. .

12 | diameter pipe leads to very high tensile residual stresses on
'

i

1 ., ( 13 the ID and very sharp residual stress gradients through the
,

14 pipe, going from high tensile and finally hitting compress've
,

15 on the OD; whereas for the large diameter pipes, based oc. the

16 limited data we have, there is less tensile residual stresses
,

17 ]i on the ID, but immediately behin? that you run into a
I

t

la ' compressive cne which appears to provide a crack arrest area.

19 J And it is consistent with the findincs of KRS that
i

-

20 ' some of the cracks seemed to secp at about 4 to 5 millimeters

|

21 ; deep, which is pretty close to what Argonne ,easured on a
.

1

22 'r 26-inch diameter pipe. So we need more results, and it suggestsu
.!

t

23 that the weld residual stresses, that they are dif:. rent from

24 the big to the small pipe, suggests that the large lines may
Aceheral Reporters, Inc. !

25 be less failure prone. And statistically, that is what we

t
i

I /

. g

I
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1
!

I found so far from the field operating histories. !
,

2 DR. SHEWMON: On those next two items, I think we |

3 have gone over those this morning, probably.7

'

4 MR. DANKO: I think we have. Let me see if there

5 are any other key items here. j
, t

6 DR. SHEWMON: The last item there, I would like to get!!

i

l

7jtheWestinghousepeopletotalkalittleabout, assuming that
I i

8, we are talking about PWR feedwater nozzles. j
|
i i

9! MR. DANKO: That we can leave to Tom. '

i |
;

10 DR. SHEWMON: Why don't we take a short break here, t

'
i

11 | as the schedule calls for, and then we will get back to the ij
i ,

1
'

12 t vendors. i
! |

.

k_ 13 (Recess.) *

*

| i

14 | - MR. MAGER: I am Manager of Metallurgical and MDE '

i

i

15 ; Analysis at the Westinghouse Nuclear Technology Division.
,

I

i

16 Today I would like to present our research activity directed
.

i

17! towards nuclear steam supply systems boundary integrity,

la j primary boundary integrity. I will discuss our research

19 j| activities ,
-

go through those, and then gc into the feedwater

1
20 i line cracking as a separate item.

1
i

21 d At Westinghcuse, we are more or less dedicated to

22 fracture mechanics , and our research ef forts are directed that

i

23 I way, namely, we are interested in NDE, stress analysis, material
h

24
'l
properties. Of course, we have to factor in irradiation.

Acoecerai seconers, ir c. h

25 ieffects. And we put considerable emphasis on performing
i

t

-w

F

[ \f\!
's-

a
-

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



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

i

mte 10
| 234 |

,

i
;

I fracture mechanics analysts.
,

!2 (Slide.)
|

3 Las t yeu_- I presented a number of programs, and we

4 will touch on those also. But listing our new activities for

5, 1979-1980 that we are not pursuing in '78-79-
| |

6| First, corrosion fatigue characterization of !
I i

l i

7! irradiated reactor pressure vessel steels. This is a program

|
8I sponsored by EPRI. And I will go over each of these programs !

9! with the objectives and any accomplishments to date. :

10 The second one is the development of a crack arrest

i

Il j toughness data bank for irradiated reactor vessel materials.

I
12 ' Again, this is an EPRI-sponsored program.'

|
'

|(, 13 ! The third one is steady-state irradiatica embrittle- |
|| .

'
14 ment of reactor vessels. This is one where we hope t.o show

i
i

15 the conservatism in Reg Guide 1.99. Again, this is an EPRI-i

|

16 ! sconsored crogram.
!

~~

17 The next one is the inductive learning networks for

13 : ultrasonic tes ting. This is Nuclear Technology Divisien-
o

19 )1spcascred prograr. Materials evaluation program, for replacement

20 :iof high cobalt facing alloys. Again, this is a Nuclear

21 Technology Division program.

22 Cefect sizing by ultrasonic testing and comparison

23
i with radiographic tes ting. This is part of the Wes tinghouse-

7"4 ! French cooperative program, Westinghouse, COA and Framatome.'

Ace-e ~eral Reporters, Inc. .
!

25 | Developing contrciled or program flaws within heavy
:

I

! _
-

,

'

| Oio,

_.-. . . . .__ _ . .
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I
! section weldments. This is an EPRI-sponsored program, and what 1

|
-s

.

-- 2 we are doing here is developing techniques to fatigue crack ;

I

3 weldments, cutting out the fatigue crack, and inserting these
.

!i
l !

4 weldments into test blocks and then "UTing" them .
;

i

!

5' Starting out with the EPRI-sponsored program, we will i

!
~

6 make up little blocks that I will discuss. We will also use

!

7| these -- this' technology or method to insert little blocks into i

i

3| much larger, say nozzle cutouts, where we are usinc both the i

,
,

9 UT and the RT, and eventually go to the reactor vessel shelf
r

10 , that Gary Dau discussed earlier.
i

II | DR. CORTEN: Will you discuss that later?
!

.

I2 | MR. MAGEr. Yes, we will go through these.
I

k- 13 I A new program of Westinghouse-French cooperative is
'

I4 the residual element effects of toughness on ferritic steels.
i

'

'15 And as we go over the program, all we are going to do is go
!

16 back over test reactors, look at residual elements, look at
,i

1

I7 tensile prcperties and CHARPY-V properties, and see if we can

la
i
get a correlation between toughness and residual elements in

lo~ commercial steel,
n

20 | And finally in the new programs, high-strength
:|

21 l stainless steel with improved structural stability and f atigue

'2 q. roc.erties.' ,c

l
- 23

. 1 DR. SHEWMON: For application where, or for use where?
.

24 j
Ace + <r.: R eporters, Inc.
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.

T-22 1 MR. MAGER: To replace in an internal, to replace

bi .1
2 our 174 material in the reactor reactor vessel, various loca- ,

e

3 tions.

4 It also involves -- quickly touching on the programs
t

i

5 from last year, continuing programs, vessel heat transfer |
' t

6! after LOCA tests, improvement in linear elastic plastic |
I

|

7, mechanics analy-is, elasto-plastic fracture methodology. f

8 DR. SHEWMON: Why don't. you let us run down through

9 those.

10 MR. MAGER: Okay.

:

11 I (Slide.)
,

12 I would like to present these programs first in ;

I
I

( 13 terms of irradiation effects, and then move on to naterials j
.

14 testing, NDE material testing, and finally the annlytical !-

t

'

15 effort.

16 (Slide.)
~

17 j The first program is a continuing program of rhe
4
'l

18 feasibility and methodology for thermal annealing in rhe

19 '|
.

.

reactor vessel. It is an EPRI sponsored program.
.

20 , The objective. is to develop thermal annealing
-

li.
21 d mGhedology for reactor vessels which maximizes fracture

!

22 | oughness recovery, minimizes free exposure sensitivity and
i
i'

23 1 tinimizes down time.
d
0

24 (Slide.)
Ace-L.ral Reporters, Inc.
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1 start esting materials. We have completed the first irrad- ,

I
-

2 iation cycle at the University of Virginia. ,f
,

3 At the end of July we will complete tae second !
i

i

4 irraditional cycle. And we will start annealing. But follow- ;
i

I

5: ing the first irradiation cycle, we are about to test the |

.t
|
i

6 1 Charpy, the tensile, and the compact tension for J1-c measure-
|

1
'Ii

i 17i ment.

| Isthereanyobviousdivissonbetween!8i DR. SHEWMON:
i

i e

i

9| this program and the work that Chuck is sponsoring at the NRL?

10 , MR. MAGER: Well, we follow their work and hey !

!'

s
-

11 ! follow our work, and I believe we are coordinating it through i
.

i

12 ' EPRI, I would hope.
~ l

!*

!

13 DR. SEEWMON: What are the main differences, or
{(,j

. ,

14 what is the complimentary? |
!

,

15 | MR. SERPAN: We are looking at scme of the same
I

I
16 materials, but EPRI and the Westinchouse orogram has consider-

17 ably more materials fror, irradiations in it than we have.
3
.i

18 1 We are artempting to determine upcn the tempera-
l

19 ture variables ourselves with jusr a few materails, and thereby

20 provide enough guidance to the licensing staff.

21 As a matter of interest,0we had our program

22 - started several years before EPRI, and they concluded that
|

23 ' they nee dmore information, so they are getting a lot more

24 annealing information.
Ace Fw _ .at Repomes, Inc. q

25 , MR. MAGER: We are also considering system
i

I
'

l

! '
,
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1 parameters.
-

2 Last year I reported that WCAP was issued, discuss-
!

3 ing the capabilities of systems for annealing at 650, using |

4 pump heat. Right now we have just issued a topic report on i

I
!

5 the characterization, University of Virginia reaction, to
l

!i

6i radiation environment. i

!+

7 (Slide.)

S|
This program will now take off. We have material i

9_ in a post-irradiated condition. ,

!
i

10 i (Slide.)

'

11 . The second program, radiation effect, corrosion
t

i
i12 : fatigue characterization of irradiated re' actor pressure vessel

i

(,)* 13 ! steel.
'

14 Again, this is an ERPR sponsorea program. What !

;

15 ! we want to do is develop and enalyge erosion fatigue crack
!
,

r
16 ; growth rate data for irradiated reactor vessel steel.

l
17 (Slide.)

a
18 1 As was discussed earlier by Mr. Danko, EPRI has

.

I

19 ] a very large program with Babcock and Wilcox cn unirradiated
I.

20 ' material. We are going to do the portion on irradiated ma-

21 terial.

22 I It is a rather small task. We are going to be

23 looking at -- for one thing, reactor vessel material from

n

24.' surveillance capsules. Unfortunately, it is a ve ry small
Ace Fw.. al Reporters, Inc.

25 specimen.
..

!

|

!
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1 We are going to start out with specimens from the
m

|

2 Zorita reactor. j

3' We will also -- the irradiating, 1C, CT, specimens

4 and use the same parameter that Babcock and Wilcox is looking

|
5 at in the unirradiated condition. >

i i

!
'

6! We will also irradiated 2T, cts, for future use if ,
i

i t

7| they decide they want to test them. |
!
4

8 (Slide.)

|

9 The third program, development of a crack arrest i

10 data bank for irradiated reactor vessel material, again, an

:
11 EPRI sponsored program. j

i

12 What we want to do here is de'termine the pre and I

i

( 13 post-irradiated crack arrest' concerns of Kla arrest and Kla

l
14 minimum crack arrest for reactor material typical of current i

i

15 operating plants and also new plants that are using the current-
i
i

16 ! method of melting and welding practice. In other words, high
1

17 h upper shelf versus low upper shelf.

!!
la H (Slide.)

il
.,

19 And we also try to evaluate and improve procedures
,

20 for predicting the irradiation crack arrest toughness. Again,
f

21 this program just started in conj mction u _th BMI, and we are

22 just ar the stage where we are designing the cap:ule.
I
il

23 '! Again, they will be irradiating at the University
4

' 4 of Virginia test reactor.
Ac.4 .. a oort ,,inc 3

l'

25!i We will use the ASTM recorrended soecimen.
n

-

0
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| bN
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|
e

1 DR. SHEWMON: The aim here is to be able to go
.

:

2 to fracture mechanics as opposed to Charpy testing? i

_
3! MR. MAGER: Section~11 of the ASME code, Appendix

i .

I
'

4i A has section on crack arrest, for accident analysis, j
|
1

5 All they do is take the Klr curve, or Kla curve, !

.

6 and shift it, based on trend curves.

7 Here we hope to demonstrate that the curves are

8i conservative, or show that they are not conservative, that in !
! .

i I

9| the real world the crack arrest is lowered; one or the other. !
, ,

|
'

10 ! Hocefully it will demonstrate that the Section 11 Klr curve |
1

11 , is conservative. |

| I
.

12 DR. CORTEN: Can you use Charpy data to get to |
I
,

(_/ 13 this? j
' i

14 DR. SEEWMON: Had we before, but _ we hadn't -- i

15 | MR. MAGER: This would be less than they give
!

16 , in Section 11, Appendix A.

17 (S lide . )

18 I will touch on the Charpy specimen for crack
,

i19 h arrest as part of another program.
I

20 The next program is steady state radiation embrit-

!

21 tlement of reactor vec.als. Again, this is an EPRI sponsored
n

22 '!, program.l

~

ll
i

23 || As you may recall last year we presented informa-
|

|

24 h|tion that showed that in a reactor pressure vessel as time goes
Ac.Cr i secorren, inc. '

25 on, you seem to reach a steady state conditicn with

''

! r. i
, -

|

!
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1 irradiation embrittlement.
I

~ ;
i

2 And if you plot the Delta P vertus the fluent,

.

3 you will see a leveling off, and the trend curves in Reg |
|

4 Guide 1.99 are very conservative. |
|

5 Now as part of this EPRI program, we hope to eval- |
|

*

6; uate a minimum 'of 10 surveillance capsules . Right now it is up

i

7 to 12 or 13, because we are including BWRu as well as PWRs, !

|

and also look at mechanisms for why this happened. f
8| '

t i

9i So the program is in two parts: One, test sur- |

! |

10 | veillance capsules, plot the data. The second part is take j

|
11 the Charpys and let the physical metall:rgist start coming up

i |

12 : with reasons why this is happening.
.

It

I

I I

(j 13 DR. SHEWMON: Steady s' tate radiation embrittlement

!
14 means once you are up on the shelf, apparently saturated? |

15 ! MR. MAGER: No.
!
:

16 Okay; yo'r Delta transition, 30 or 50 foot pounds,u

17 which ever it may be, or Delta RT, NDT versus fluents -- in

18 the unirradiated condit_on -- and zero fluents -- we come up

19 w4~" #1uent and level Off.

20 And this is a 30 or a 50 foot pound where thix

21 may be 2x10 lx10, .

.

22 ; But then if you look at the upper shelf, again,
i

l

23 ' the upper shelf also does not drop. In fact, we believe the
||

124 !t upper shelf levels off somewhere around 5x10'3!
.

AceE _ al Reporters, Inc.

25 But if you look at the energy versus tempera:ure,

i n . ) '-.
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|

-

I
,

i
18 i

1 unirradiated, 2x10 you get your shift, you get ycur drop, but',

, ,

19 i
2 then when you go to lx10 not only is this shift cor stant, |,

i

3
but the shelf seemed to improve a little and go back up. !

!

4 +

DR. SHEWMON: What does steady state mean? '

|
C i~

MR. MAGER: That once you reach a certain fluent
.

I
i

6| such 2x10 you do not have any more irradiation embrittlement.,

I

7 .

We are in the process of testing Point Beach 2.
;

i
8

f. Since our last meeting <e have evaluated San Onofre 1. This
I
I t

9i
; is approximately 5x1019, and it shows what we call saturation

;

10 I
| or steady state condition, that the material is not embrittling
i

11 1 4

; any mere than it did five -years ago. !

I
12 I

'

MR. BENDER: How much data would you need before i

f(_/ you could show statistically that you have got a case?
!

', MR. MAGER: We believe we can show it now. We are
I

15 '
in he crocess of going back; taking all of the data that has,

i

16 !
*

been generated and performing the statistical analysis."

.i

17 ] ''e have never done this be fore , incidentally. We.

18 j1 believe these 10 additional reactors will definitelly be
,

19 '
sufficient.>

y
20 l

DR. ZUDANS: What will this saturation take atq

21
i say higher levels of irradiation that you mignt have during
i

22 l
, the reactor life. You talk about the irradiation levels as
V

9 3 '''

far as you have gone so far.
.

24
MR. MAGER: The Westinghouse surveillance capsules'ce-r. af Reporters, Inc.*

i

25 :
I are not on the reactor vessel wall. So thev leave the reactor
.

I

o

P
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._. ._- - - -- -.-



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

243 ,
i

| |
.

1 vessel.
-

2 For example a four loop PWR, life fluents is
,

119
3 approximately 1.5 to 2x10 j.

1

J DR. ZUDANS: So what you are saying; he reactor
,

5 vessel will never reach those levels.
|

6 MR. MAGER: Right. }

7 That is not to say that if you get out to 6, 7, ;

i

'

8x10^9 this may take off again. i3; ,

!
i

i

l

DR. ZUDANS: Is it in any way rate dependen*9j
i i

10 DR. SHEWMON: It is all rate dependent. We didn't ]
Il find it in test reactors at higher flux.

t

12 DR. ZUDANS: That in3 th a c the reactor vessel
,

t

'
I

13 wall will see a dif ferent rate . j(
I

*

I4 DR. SHEWMON: If anything, it saturate; aoner.
;
t
i

15 | MR. MAGER: The reactor vessel will see a lcwer
!

16 ! flux than the capsule. The test reactor sees a much higher

17 flux than the capsule _

18 ;j We believe it is related to the flux self anneal-

19 ing effect going on.

20 i DR. SHEWMON: But since nobody has ever ccme up

21 with a theoretical or an equation for this sort of thing, they

22 a can't predict anything. They must always keep taking data
I1

23 j coints?
h '

24 DR. ZUDANS: We are out in a capsule like this
%ce F al Reportar5, Irtc. .

u

25 j the temceratures are hicher, too, while you are irradiating.

!I
i

'l
:! , 6

~
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1 DR. SHEWMON: I doubt it.
.N

2{
MR. MAGER: Not much, no.

Can yr" say a word or two more about|,3 DR. WECHSLER:

|
'

4 the types of metallurgical tests that you will be performing
|

5 on the broken Charpy bars? i

!
I6 MR. MAGER: We are going to be looking at OJ

7' -tests.
,

t

8 We are going to be doing micro-hardness, damping. !
I

i

9 We will examine the OJ specimens and we will examine the frac- |
It

10 ! ture surface for various element segregation. j
.

!

Il Dr. Odette at the University of California has

i
~ i

12 already come up with a mcdel, with -- whether it will work or

*
13(j not is something else.

14 ; As part of this program, EPRI is sponsoring j

15 Dr. Odette at a consultant. We are going to takei our data
| |

16 i and work with him.

17 And you are going to look at some of this data

IS at Icwa State.
<i

19 ] DR. WECHSLER: Yes, we are.

20 MR. ETHERINuf0N: I am a little bit ccafused.

21 ' This is really a scientific development of a very simple minded

22 , concept that pecple have always had; temperature annealing
i
|

23 | will ultimately lead to equilibrium condition; am I right? '

:

24 !
ics A si Reporters, Inc. .

MR. MAGER: Yes, this is true.

6

25 | Peopli -- a number of pe ;ple have been predicting
i
t

! t

k' ,,ti. >

I
'

} ,I
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i

i

1
this for years.

,

Now I guess we want to try to defend it.
2

MR. ETHERINGTCN: That's what I thought.
3|

'

I MR. FAGER: If you go back to some of the earlier i
4

I

work that you did and talk about annealing activation energy,
5

I think you would have predicted it.6i i

| |

DR. CORTEN: Is this a rate process? -

7|| :

MR. MAGER: A rate process, and if you go back to fg

f the early part of the trend curve, Delta RT, NDT, versus t

9,
4

temperature -- coppar, you can generally predict from theto

11 || surveillance capsule what .is going to happen, say, from the
'

| !
' 18

12 ; results of 2x10 you can predict what is going to happen at j
,

I*

(,f 13 ' -- in the reactor -- in your capsule later on, until you j
|-

'

14 now you get out there and you see saturation.
i

i

15 : MR. BENDER: This cort of contradicts what has
4

1

16 been seen in the test reactors, I believe you said, and mainly '

17 because the test reactors irradiated the material out too fast.

18 MR. ETHERINGTCN: The test reactors arecold.

19 MR. BENDER: I wondered if that was ne case.

20 I think they have done tests at temperature and

21 | still got the effects.

I

22 ; MR. MAGER: In our test reactor we perform at
i

23 operating temperature, 550. It is a matter that in the test

H 19
24 ) reactor we attain 2x10 in three months.

Ace A.al Reporters, inc, |

25 i MR. BENOER: But implicit in it is that there is

, y.

$'I
,

f

:
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|

|
1 some annealing going on, and it is just that you don't get it

|-

2 in a short period of time.
I

3 Isthereanyattempttotrytomeasurethatanneal-|
.

|

4 ing effect independently of radiation? It must be there. Or ;

i
. ,

5 doyou have to have some kind of radiation stress to work against
i

.

6, the annealing phenomena.

7 MR. MAGER: I think that is an oversimplification

!

8 to talk about annealing because there are many things going ,

I
I

9 on there. !i

!

10 DR. SHEWMON: It may be an oversimplification, |
t ,

II but if it is not, then you have to invent another word for
.

I

12 the fact that it goes faster at higher temperatures than it i
I
I.

|() 13 does at lower temperatures.

I.

14 MR. MAGER: This is why we are going the basic |!

| 'j

15 work in the program as well as testing the surveillance !

i

16 ' capsule.
i
.

17 D?. ZUDANS: Could you continue -- demonstrate
.

I

18 j the continued irradition in your test reactor until you
o

:I

19 | reach a saturation level?
J
d

End22 20 !

21 '

i.

22 Ij

q _
._

i23 ,
h
N

24 .
Acr.Few. as Reporters, Inc. ,
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!
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i

1 MR. MAGER: This is why we are doing the basic work as
-

2 well as testing the surveillance capsule.

3 DR. SEEWMON: It is temperature-dependent?

i

4i DR. ZUDANS: In any of your tests, could you also
|
'l
!5 demonstrate, let's say, continued irradiation in your test
I

:
*

6 reactor until you reach a saturation level in a test reactor?
,

7 If the principle is working, it should work there.
'

I

3' MR. MAGER: We are planning to extend this program by

9 taking surveillance capsule specimens out of surveillance cap-
!

10 , sules and putting them into the test reactor to see if it sud-

II ' denly takes off again.
I
i

12 DR. ZUDANS: That would only pro've the point that it
:
1

( 13| continues the damage process.

Id h MR. MAGER: If we look at specimens in the surveil-
:|

15 lance capsule, say, at two times 10-19, af ter tw o times , and

16 I then five-times 10-19, and we have saturation, we take some

l '' " samples at two times 10-19, put them in the test reactor, and

I3 , co un. to five times 10-19. And there is a difference. Then it
o
'l

19' would show.

20 | DR. ZCDANS: Except that it wouldn't give you a handle
i

21 | on the rate ef f ect. If you could continue in the test reactor
n

22 beyond --o
1

y" i, DR. SHEWMON: Next year they will come back and tell!

.

&

':, us more about it.
Ace-E al Repor ers, Inc. 'l

25j MR. MAGER: Needless to say, this is crobably what we
n

-

i
1

| lj ii

il '
il
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I

I1, consider our most important program at the moment. If we go to
, i

|

2| the work on NDE, the first program, a continuing program, on
:
i

3 reliability of UT of austenitic materials and welds, what wei

are doing is inducing fatigue cracks into weldments of centrif u-!4
i

I t

5 '

gally cast piping materials. We have three different operators

6 looking at it and seeing if they can predict the si:o of the
i

,

7! flaw. We are-using control samples, no defects. And at the

8 conclusion, the most important one is that the average crack |

9' depth before all three operators properly characterize the
!

10 I crack sample and a non-crack control sample of appro::imately 15

Il percent of the wall thickness. On a given day, two of them will '
t

12 ; identify a small crack; a third one will identify a crack in |
' '

|

13 |(j the control sample that is not a crack.

l# | '

And if one of the three operators identify the flaw'

i

15 ' when they shouldn't, then the test is a failure, and we make the

-16 crack bigger and start over again, after 11 or 12 sets of

I7 samples. This is the conclusion.
i

la We are also 1 coking at Eurcpean transducers. Scme
.;

|

19 '' appear to be good; some appear to be noc worth the time.

20 I
j DR. CORTEN: The percentage o f wall thickness, what
.

1
21 0 wall thickness are you using?

1

22 MR. MAGER- About 2-1/2 inches primary coolant piping.

23 |1| DR. CCRTEN: This is a crack about two-tenths cr three-

24 '
tent.ns?

W ai Reporters, Inc. p

*S '' MR. MAGER: Yes.
;

e !

b- '

|
, y
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I l

I
i

i

1 I reversed these slightly.
'

~
<

1
1

(Slide.) |2j
I i

3 i As I say, part of the EPRI program, we are developing i

;
i

4' controll;r program flaws in heavy section weldments. In talking'

|
'

i
,

5' about heavy sections, we are talking about anywhere from eight ,

I
i

|

6' to 12 inches in thickness. We are talking about the reactor

7 vessel belt line and no::le shelf. And all we are doing in thisi
i

3 program is developing the technique for coming up with fatigue
i

9 flaws in weldments and being able to close them of f so they will

I
10 ! be embedded flaws, and we will insert these into no::le cutouts

!

i

11 ! and evertually into the reactor vessel shell course.
!

t

12 ! DR. CORTEN: When you say "inseft," do you put them
;-

, .
,

, ,

(_, 13 ! in there without that influencing -- {
i ;

*

4h MI MAGER: This is the idea. First, we map 2 up the '

I

15' weldment, and then we fatigue it, then we have a fatigue crack

1 and we are going to close that off. We are going to cut it down

,

17| small enough, have a hole scmewhere, the no::le cutout, and
.

a

13 ,i bury it. We would then go back and perform UT on it, and ther
a

19 we would also perform d structivc analysi.s and see if we closed
4

120 i it up during welding, and then check it.
i

21 DR. CORTEN: You think the process of burying it will

0
22 a have a big effect on the whole thing?

- h,
I

23 0 MR. MAGER. We vi]l find cut. Eventually, the reactor

24 N vessel shell c' urse tha EPRI talked about this morning will be
o

ACW a .Si Reporters, Inc. y
i25 ! a very, verj large calibration bicck.
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1 (Slide.)
-

f

2 The next program is defect sizing by UT and compared

3! with RT. This has two facets. The one facet is that we will be
i
,

4! taking, if we are successful in developir g these flaws by
1

'

5 fatigae, that we will insert those into the no =le cutouts, and
| i

6' then we are going to use a piece of steel, something we can
t

7 handle in the-laboratory, and then see again if we are able to
|

8 control putting them in this steel.

I
9; This will be tne intermediate step before we go to

i

10 | the reactor vessel shell course.
1

II | We are also looking where we know we have UT indica-

~

12 tion or RT indication in a piece of steel to see if we can
i

k_c I3 correlate the results so we can come up with a better or improved
:

l '' defect sizing technique.
.

15 ' (Slide.)

16 The next program we are starting, we are starting our
a

l '' ' adactive learning networks fcr ultrasonic testing. Probablyi

;

la ad.2ptive learning is a poor word, but we want to develop the

I9 in-house capability ourselves. We want to be able to develop a

20 single processing metnod or single processing methods which are

21 not dependent on tine and amplitude information only.

22 Now, we are doing this wirh the austenitic or centrifu-
t

h

23 j gally cast stainless steel specimen. While this is ai
i

24
,

Westinghouse-sponsored program, we are going to cooperate with
43 % , at Stocrters, Ir%C. i

I

2'5 ' EPRI and let them use some of our specimen and see what they can
1

'

I! -
t' '

| 0 |} ''
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l come up with.
-

2 (Slide.)

3 The next program, we touched on this last year, and we
!
I a. . continuing. And that is the aging of cast stainless steel. i

4|
!

5 The program obj ective is to evaluate the effective long-term
i 1

6 thermal aging on the properties of cast stainle s steel piping

7i material. As you recall, last year the Frerrh claims that if you;

!

8 age austenitic or cast -- austenitic cast material, ycu get a
,

9 degradement in the impact properties. So, we have been . corking

10 + with them on this, and it is true, with the ferrite ccn._nt

I

11 : increased we see a degradation of charpy impact values, especi-
! -

,

12 : ally at room temperatures. As you go to o'perating temperature,
i .

._

13 550 degrees, really the piping is prob' ably on the order of 600
,

.

I
i degrees F. You get a certain -- I wouldn't say a recover.; --14

!

i
15 ; your impact properties have not dropped as much. Your delta E,

!

16 delta energy, at 600 is not as great as rocm temperature.

17 '; We are also performing fracture mechanics evaluation
,|
'l

18 ! to demonstrate what effect this would have on the primary bounda-
!

u

19 'I ries. New, to date, we go down to the bettcm here and icok at,

20 where we stand today. The material has been aged at 800 degrees,

!

21 ! and we get a reduction in energy from 160 foot-pounds to 30
.,

a

1

22 : foot-pounds at room temperature, and to 73 foot-pcunds at 550
e.

-

l
9-

; 23 j degrees F.
f |

24 j However, on occasien, we will be well above 73 foot-
ice-4 .al Reporters, Inc. I

25 .! counds , well en the order of 120-130 foot-pounds. We lock at
- , -

4

)
e t- e ., *

I e, j
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1 crack growth, the characteristi-s of aged and unaged material in:
..

2 air, and PWR environments, and we didn't see any difference. We

|

3' looked at J-lc specimens; the slope of the J resistant curves at'
i

!

4j 600 was not affected by aging. The slope of the J resistance of;
'

i
1

5' aged material at room temperature was reduced. While it was
|

. 6 reduced, it was still approximately equal to the slope of 600

i

7 degrees F.

3 The J-lc toughness of the aged stainless steel at room,

9 temperature at 600 degrees F was less than for the unaged.

10 | DR. CORTEN: Significantly?
.

I11 ' MR. MAGER: No. If you go and perform integrity

12 ' analysis using the J-lc, plus if you use a limit load analysis,
b
i

13 ' it will show that the aging does not create an integrity prob-
_(
..

14 lem.
i

15 DR. ZUDANS: Is this aging a stress-free state?

16 1 MR. MAGER: Yes. That's true.
1

17 ' PR. ZUDANS: So is it directly applicable to what

la happens an a power plant where you have fully stressed pipes in

17 ' the same conditions?

20 l MR. MAGER: In all cases?
r

1

21 , DR. ZUDANS: You could have closed the ends and capped

22 th er.1 and put on the pressure.

0

23 ] MR. MAGER: That is scmething we have to consider,

1

24 j especially since we are considering doing a piping test on aged
a fs al Repor'ers, Inc. ?

25 |l and unaged material to see if we can predict the behavior.
|||
,

i

-_. - - _ __ -- _.
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i

Again, aging a piece of pipe, we are aging it in the
_

2 unstressed condition.

3 DR. ZUDANS: Yes.
i

i

4| DR. SHEWMON: Tom, since you said I was cutting off
|'i

\

5' or we let you talk some but I' cut you off on your most interest 4
I

6" ing or important topic earlier, could I move you on to your
*

! !

7! second most important topic, which is the comments you might :

I,

;'

8, have on the nozzle cracking, unless there is some particular :

,

9 program here -- there seem to be a f air numbe - ' hat you would i

1,

i

10 like to single out, other than that one.
, ,

,

ll . MR. MAGER: I believe there is nothing I woulo want. f

!
i

12 ; I guess I should say that the work on the analytical program
!

i

13 | is going well. We are lookit.g at small specimen testing in
7

I

!
14 I crack arrescs, and Herb is familiar with this. Joe Witt has I

i

15 ! been demonstrating by taking a small specimen; you can measure

16 ! the crack arrest toughness by'having to crack, unloading, and

17 going back out.i

.!

18 i We are also looking again on small specimen testing

19 ' for J-lc as well. We are e .'.1 corvinced that the equivalent
i

20 energy method vill work. By taking a small specimen yo; can

21 predict K-lc. But, again, remembering that yo u can only use the

22 equivalent energy tcughness failure in a linear elastic frac-
h

23 j ture mechanics analysis. If you use it on the upper shelf, you
i

124 I have to assume linear elastic behavior. And if you don't
oA . e a. con.n. inc. '

25 believe you have linear elastic structure behavior, then K-lc

Ci; U ;|l

1
.i
I4
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ij .

is no t r-- 'able on the upper shelf. I believe Herb is farrly~

i-

i

2 ' f: 2__iar w';n tais work.

3, That's t'ie only important point.

4 DR. WECHSLER: If you don't mind, I would be very
,

'
I
, >

3 interested in hearing more abort this residual element effect.
I

I beliep that is a little misleading, but;6 MR. MAGER:
i

7 let's pull it.out. There is another program I should mention, :i

! i

i

8 and then we will go to the residual thing.
I

9. (Slide.\

10 , This is a program which was suggested by the French,
|
.

11 and generally, when they suggest a program, they have something ,

12' in mind. So, we are cooperating with them. The program is
'

,

I

13 ! increasing the understanding the effects of residual clements(_
Id on the foughness of pressure vessel material and increase the

i

15 ; understanding of the effect of base metal segregation on the
|
i

)6 heat-affected zone properties of pressure vessel material.
,

. , l.

''{ I guess this is a little misleading when I say " pres-
t

15' sure vessel material." What we have in mind is on the tube
o
l

19 , shee t, on the steam generator, when you put the cladding on,

20 there have been cases where you have segregation, you have lit-
i

21 l tle micro cracks, and we want to look at this. And the program
d

22 '1
-

; is designed to determine the residual element content in at
!,

23 least -- boundarv materials, and develop the effect of the pipe
1

-

.i
d' ! and concentration of residual elements with the toughness of

WA at Recorters, re,
i
i,3 1 these thec etic materials. We are talking in terms of charpy-

1,
<

, ' ~

'
il
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!
,

I impact energy.
-

2 We are going to be looking at 10, and the French will |

3| be looking at at least 10 heats of commercial material.

4 DR. SHEWMON: You mean substitutional elements, tin,

I

5t copper? Is this traditional metallurgical? i

6, MR. MAGER: Residual metallurgical.
!

I I

7[ DR. SHENMON: So, it is not oxygen or nitrogen. Those-
1

! 6

8, aren't residuals? |
t

9| MR. MAGER: No. Although we will be looking at them.
,

i

10 i The French are definitely looking.
1

l

II DR. WECHSLER: Phosphorous, sulfur, arsenic?
,

12 ,MR . MAGER: Right. And anything else. When these
.

(, 13 | show up in the analysis or it is in the chemical analysis. It

14 - comes with the heat. And the second is to develop by means of
'

t

1

15 i programmed chemical analysis and surface evaluation techniques

16 an understanding of the effects alloy and non-metallic segre-
!
t

) ,/ i gation on the heat-affected zone properties of pyritic primary
!

18 j pressure boundary materials.
-

1

I9
i Again, we are talking between the cladding and the

20 ' base metal, as opposed to structural welds.

21
h MB. BENDER: I thought you said it was just in the
a
a

~2 ?! steam generator tube sheet. Are there other applications of it?4

!

h

23 || MR. MAGER: Of course, the reactor vessel, you have
!

|!

24 [ cladding.
ee FA .ai Reporters, Inc.

25 v7 ' r'IDE R : I understand that.
a .c
!i
,; i
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1, MR. MAGER: It is really directed toward the tube
'

!

2 sheet. Although we will be taking no le cutouts, for example.

3! They are something we can examine very easily. We will b, taking
.

!
4 no::le cutouts from reactor vessel, and whether we have segre-

|

5; gation under the cladding there. Also, we do not expect to have'
i

6' a problem there.

7 MR. BENDER: What are the French worried about? That

8 the cladding is separatin;?
;

I

9 MR. MAGER: Thay are worried about micro cracks in the

10
; tube sheets in the steam generator.
I

II MR. BENDER: All right.

12 | MR. MAGER: Not cracking in the cladding. In the

(s I3 j
..

tube sheet.

I4 MR. BENDER: All right. I understand.

15 | MR. MAGER: And finally, another program we are spend-
!

16 ing a lot of money on and placing emphasis on, the final one ,

l '' i is the material evaluation program for the replacement o f high

IS 3 cobalt hard-facing alloys. We would like to minimize the amount
1

" , of cobal: in the system, of course. And we are looking at ways

20 to do this. If it comes down to replacement of the cobalt
!

21 h material in the hard-facing alloys, we may have to go this route.
,!
"L Again, this is a separate program Wectinghouse sponsored, but

n
h

,, ;| the French also have a separate program. We are coordinating"

.!

24
,

the two, although they are not the same program.
ce-o . . a' Reporters, Inc. |

,cI
"g MR. EENDER: This is an attempt to eliminate the

!
'

( '.
, ,
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1

1 radiation-induced activity.
-

2 MR. MAGER: Yes.

i

3 DR. SHEWMON: Do you know whether Westinghouse in
!

4 this country urges utilities to -- what is it? Hydrogen

5! peroxide additions, just before they open things up or as they
I ,

i ,

6 bring things down? I saw a report not long ago that Westing-
|

7| house recommenc's this to the Swedes as a way to loosen up crud
, i

8 that they can then filter out during the time they are down or

9 before they are down.

10 ' MR. MAGER: I don't know.
!

!

11 i DR. SHEWMON: I wanted to know whether anybody was
|

12 ' interested in that aspect of water chemistry in the NRC, where

i 13 *

would I go?s,

Id MR. SERPAN: I don't know.
l

15 DR. ZUDANS: The adaptive learning network, is it ini

16 any way similar to the one of EPRI's?
l

17 1'i MR. MAGER: The adaptive learning, yes. It is very
!

I3 similar. We want to develop our own t chnicue. We could go to

19 , EPRI and Adaptronics, and we would buy the system, but we
1

r

20 | believe it is advantageous to have our own.
'i
l,I

d DR. SHEWMON: Would this be scmething Westinghouse'

:|
.

'21' might market? You can plead the Fif th on that, if you want to.i

,

rf
'31

q MR. MAGER: Within the nuclear technology division,'

!

2 '' '23e .-
al RecorTers, Inc. h * e s .

q v
.CT 4

,1

25 ]
i

!
'

1,.- ,,
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gsh I (Slide.)

~

2 MR. MAGER* We were advised about a month ago, six

3 weeks ago, that at D.C. Cook Unit 2 they disc 7vered leakage

4 in the feedwater line on loops 1 and 4.

5 You must remember, or you should remember the

6 r eedwater line going into he steam generator, once you refit

7 'f eedwater line , that is the AE responsibility. That is not

8 part of the nuclear steam supply system.

9 We are half an inch away, but it belongs to somebody

10 else. However, 'e were asked to work with them and perf orm

JI whatever evaluation was necessary.

12 It turns out chat the steam generator f eedwater

13 no zzle in the majority of Westinghouse plants are A508,

14 Cl ass 24. They go into an A106 Grade B, elbow reducer or

~ 15 straight line of pipe, id-inch diameter. They put a

16 counter bore here and this counter bore, they have various

17 radius f rom 15, 30, on up.

13 In some plants, they use a backing ring for

19 welding purposes. Not all plants.

20 It just turns out tnat in the D.C. Cook Units 1 and

21 2, they used a backing ring. I will come bac k to this.

22 Since that time, the last six weeks, whatever it

23 may be, the NRC came out with a bulletin requesting that

24 CE and Westinghouse nuclear steam supply systems, the f ee dwat er

25 line, that it be evaluated and.then mandated that the y use

'

.

\J ,L"*
,
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693.24.2

gsh 1 RT to inspect the nozzle feedwater line junction.
_

2 A number of plants have been looked at. For

3 e xample , Coo k, as I stated, Units I and 2. They " Rte d" them

4 and they found cracks.

5 Swedish State Power, they performed an RT and UT

6 and they were clean. Northern State Power, Prarie Island,

7 cle*an. Crac ks in Surry Unit 1, Zion I clean, Turkey Point 4
*

8 clean, Farley clean, Robinson cracks, cracks in Kewaunee,

9 crac ks in San Onofree, and clean in Portland General

10 Electric Trojan. Also Point Beach Unit 2 cracks.

11 DR. SHEWMON: Tnose are all dest inghouse plants ?

12 VR. MAGER: Those are all destinghouse plants. I

13 believe the paper and the notice that came out in the paper

14 on the NRC bulletin identified Westinghouse and two CE plants.

'
- 15 Now the cracks, the main crack is always initiating f rom this

16 counter bore. I should say on the piping side. It never

17 initiates on the nozzle side.

IS In the case of Cook, Robinson, Beaver Valle y, the

19 crack always looked identicali namely, that you really nad

20 one major crack. Mayce some very small cracks. But in coming

21 up the radius here, very clean. No pitting.

22 The Beaver Valley Unit 1 Cook Units 1 and 2,

23 Robinson Unit 2, Kewaunee, they used an EB insert. They had

24 multiple cracks, ' ut again, they really had two major cracks.o

25 And it was not really like Cook or Robtr, son or Bea' alley,

, . -.1 i ,

| N.)
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693.24.3 .

gsh I but it was very similar.
_

2 Ho we ve r , if you look at San Onofre, they had very

3 small cracks and they were e verywhe re. They were starting --

4 well, they started in the welds and came along here and you

5 had pitting and cracking.

6 In the case of San Onofre, the defects were the

7 order of 60, 70, 90 mils in depth. That was the deepest in
,

8 San Onof re.

9 Beaver Valley, for e xample, was four-tenths of an

10 inch deep, the main crack. Kewaunee had small cracks.

JI Robinson was .75 inches in depth.

12 (Slide.)

13 What we have been do'ng at Westinghouse, the

14 utilities, we have been requesting that they cut a sample

(- 15 down the. center of the weldment so tnat they don't int erf e re

16 with any crheks ln the reducer or line.

17 They usually send us 4 to 6 inches. We run it in

18 the laboratory. We perform RT on it, 'Jr. end then we perform '

19 a meta llurgical investigation, standard metalography, SEM,

20 TEM, standard chemical analysis and also, we use ECEX and 4

21 DEMA to look at the oxide surface.

22 If you 1.cok at the -- this turns out to be Ccok,

23 but in the case of Cook, we took a close sample. That was the

24 first one. But if you look at the UT, now we are looking for

25 the steam generator into the f eedwater line. So we are looking

_ ,_.. '; U1s*

_. _ _ __ . _ _ _
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gsh I at where we cut through the weldment l ook ing into the
-

2 feedwater line.

3 And in this case, we had indications, prooably from

4 about 8:30 to 10:30, from 11200 to I:30, coming back down here

5 from 2:00 to 4:00, f rom 5:30 to 7 2.00, 6:30.

6 So the cracks come all the way around.

7 DR. SHEWMON: Could we get on down? We are taking

8 more of your time than we should.

9 MR . MAGER: The cracks. in some cases you see

10 branching. In other cases, I am going to show you a picture

Ji of one now,. this crack will go straight as an arrow t hro ugh

12 f errite back and forth. It doesn't show any preference, very

13 little oranchii.;. Maybe at the crack tip. Or if you run
,

14 into an inclusion, it will branch o ff and then we will see it.

k-' , " 15 If you look at the surface, you will see marks on

16 every one. Looking for striation spacing in the case of

17 Cook, we were able .to find them. They were well defined,

la although the re were very f ew o f them, very few areas with

19 striation spacing.

20 .Dtis s triation spacing was the order of 1, 2, 3

21 micro-inches. On San Onofre, we were able to find them again.

22 They were pre tty good. But the next one we icoked at was

23 Cook, and then we went to Kewaunee, and.then Duquesne Lignt.

24 And it seems like it would go on. It gets tougher to find

25 striation spacing. We are removing the oxide. And when you

O J, ,
.

.
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gsh I remo ve the oxide, it, indeed, we are pr 3 serving striation

-

2 spacing --

3 DR. SHEWMON: Were the walls the order of half an

4 inch thick?

5 MR. MAGER: In the case of Schedule 80, we are talking

6 about .85.

7 DR. SHEWMON: So if it is micro-inches, and half an

8 Inch, you have got thousands of cycles.

9 MR. MAGER: Our conclusion that we were serving high

10 cycle corrosion fatigue, stress-assisted corrosion f atigue.

J1 We are not saying that we belie"e it could well

12 initiate it. The thermal transient leakage back through the

13 thermal sleeve, or whate ver the caso may be once the crack

14 is initiated -- also, it could take over and propagate by

15, vibration, mechan; cal loading.-

16 All thes e plan ts --

17 MR. SENDER: 'us t a mom?nt. High cycle by definition

18 now is wnat?

19 MR. MAGER: We call high cycle anything greater than

20 100,000, anything below the knee of the SN curve.

21 MR . SEN:ER : You are cresuming tnat that is caused

22 by what? Tempereture cfcling of tne f ee dwater?

23 MR. MAGER: And/or vi bratiun.

24 MR. SENDER: or vieration.

25 MR. MAGER: We performed stress analysis. We go back

7 U',-i
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gsh I and if you go through the operating history of the plants
_

2 on the feedwater line, the heat up, cool down, whatever the

3 case may be, nowhere can you account for this number of

4 c yc le s.

5 The fix,.before I show you the pictures, to go in

6 and change this, take out this geometric discontinuity or
.

7 round it o.ff, that is one thing that you would want. And

8 also try to put a little bit of control on the f eedwater

9 chemistry. Make sure that they keep the oxygen down.

10 To date, Cook, Kewaunee, San Onofre, Robinson,

J1 Beaver Valley will be permitted to go back up once they

12 replace the reducer piping or elbow, whatever the case may ce.

13 DR. SHEWMON: Why oxygen? Is oxygen a particularly

14 bad actor for environment e ffects on carbon steel?

k-
'

15 MR . MAGER: Based on EPRI/GE report -- and the number

16 slips my mind at the moment -- thry looked at AlC6 Grade B,

17 and they also looked at 336, varied the oxygen content f ro m

18 .2 parts per million to 8 parts per million and they ooserved

19 an increase with the increased oxygen content.

20 Now the f eedwater line, we snould be well celow

21 2/los of a part per million. However, wnen you look at some

22 of these pictures, you can s ee tne o xide. It is definitely

23 tnere and you can see the pitting.

24 And while the environment may be not be tne primary

25 cause of the cracking, we believe it enhances the fatigue crack

1

,
- i n I
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603.24.7

gsh 1 growth and you cannot go to the Section ll.versus delta K
-

2 curve and say this fits. It doesn't work out that way.

3 As I stated --

4 DR. SHEWMON: Why don't you show us your last

5 p ic ture s . I think we'd better go on. Show us your last

6 pictures.
*

7 MR. MAGER: I want t o sh o w y o u --- I do'n' t have a
.

8 picture. I have a pho to-mic rogram.

9 DR. SHEWMON: Okay.

10 MR. MAGER: A number of plants are instrumenting

.11 the lines. If you start with this one , you can s ee -- this

12 haopens to be Beaver Valley Unit 1 -- the same one on the ed;e

13 (Distributes documents.)
.

14 DR. BERRYs dbat temperature does this operate at?

, 15 MR. MAGER: About-440.

16 DR. SERRY: You don't need oxygen then. Just plain

17 high temperature in the water will reduce the oxide.

18 Vs. MAGER: Also -- that's true. On one or two plants

19 you have a difference in the oxidation, tne color, wnich

20 suggests occurring at diff erent temperatures.

21 OR. ZUDANS: You made a statement that you concludet

22 this was high cycle stre ss corrosion f atigue. That aes based

23 on your SEM and TEM and all of :ne other examinations, right?

24 MR. MAGER: It was cased on the fatigue striation,

25 the high cycle.

,. r
', O 'i b
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393.24.8

gsh I DR. ZUDANS: By examining the fracture, you concluded
''

2 that, right? And then you went back and looked at the

3 functional arrangements and you could not identif y the source

4 of such high cycle.

5 MR. MAGER: Right.

6 DR. CORTEN This is not from operating conditions.

7 MR. MAGER: So we are in the process now of going

8 back and trying to look at the operating history to s ee if they

9 had any abnormal condition where they had vibration or l ook at

10 the steam generator and look at the f requency to see i.f they

11 are matching up with the f eedwater line.

12 DR. ZUDANS: When you checked the numbers that were

13 sLtting on the elbow, I understand in the straining with the
,

14 data being loose?

15 MR. MAGER: That is one of the requirements of the-

, ,

16 NRC, to go back and look and see if any hanger is loose.

17 DR. ZUDANS: Any markings --

18 DR. SHEdMON: The NRC people will come talk about -

19 this tomorrow. So that is one reason I am pushing.

20 DR. ZUDANS: Fine. Why don't we quit the re ? Tom, we

21 will have you back again in :ne fall, I suspect.

22 MR. MAGER: You will nave lots of pictures tomorrow

23 n ight .

24 MR. MOORE: I am with the nuclear power generation

..
25 group of Sabcock & Wilcox. We are responsible f or planning

-

U1/,'
,
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693.24.9

gsh 1 and managing R&D ano implementing and evaluating results.
~

2 I am going to give you an overview of our R&D

3 program and get into some results of our reactor vessel

4 owners group program.

5 So I will be splitting this into two groups of

6 ac tivit ie s . The fi r st , marked A, is the company-funded R&D

7 projects, most of which I discussed last time. So I will hit

8 on them kind of briefly and give you a brief rundown of where

9 we stand.

10 The three sources of external funding we have for

JI R&D ls B&W owners group, wnich is an affiliation between

12 B&W and utilities whicn have a common problem that they want

13 to solve. And we are participating with them to try to solve
.

14 this problem.

k_) 15 Of course, we have some progr,ams that have already

16 been mentioned sponsored by EPRI. And we are going to be

17 participating in a small program with the Department of

13 . Energy which has to do with reactor vessel collection of data

17 and analyzing certain cases.

20 (Slide.)

21 What we call our materials corrosion program is

22 primarily aimed at Alloy 600 or steam generator tubing. This

23 program has been going on f or several years, and i t is to look

24 at the metallurgical effects of Alloy 600 in the PWR stean

-

generatcr environmer.t f eedwater conditions and primary water.25

O

U' 'm.a
Sy

.
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gsh i This program will be grinding ;'own af ter this year.
_

2 There will be some effort gcIng on, but some of the recent

3 results we have gotten were just recently completed. The

4 eff ects of various levels of strain on Alloy 600, both

5 millen yield plus strain in millen yield, plus stress relief

6 or the condition that the material is in when it goes into the

7 s te am ge ne ra tor.

8 DR. SHEWMON: You people a year or two years ago

O 9 were having some cracks with cubing in your steam generators.s
M

p' 10 I assume this is connected with that, or have you shaken that

J1 one dawn or know what it is now?

12 MR . MDORE: This program has actually been going on

r seve al years and it does interrelate. We are looking at13 fo r
,

14 primarily the normal conditions of primary water, secondary

15, ' water chemistries. There is another e ffort which I admit to-

16 you that I didn't come prepared to discuss in detail, what

17 We call the owners group program on Alloy 6CO.

13 But I w Lll be talking about some of the fatigue

19 tests we've done, company-funded fatigue tests. There is lots

20 of planning going on with EPRI internal within S&M to decide

21 wnat would be the oest test to run to solve those problens

22 we have been having.

23

24

25

'

;;',
,

,1-
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NEITLOCK |
l

t-25 mte 1
1 These items really go together. We are going to |

, ,

2 conduct corrosion tests in our model boilers to look at the
i

|

3| ef fects of crud buildup in the system. What we are really trying
1

|

4| to see is corrosion rates frcm the different materials in the [
l |
I

54 system, to try to feed into analytical ef forts, to try to look j
i

I. i

6| at the crud buildup.
i

i
'

7' This item is not currently funded, but I have it listed.
I i

,

8 (S lide . ) |
!

!
9, Our effort here was to look at applicability of

I

!

10 | 400-series stainless steel in thincs like valves: Is it an
!

'

\ |

11 | acceotable material for valves or in applications where you
'

I

12| might consider using 174 pH or 750, something like that. It |
' <

ks 13 may in fact be a better choice.
ir

I4 (S lide . )

15 I mentioned the fatigue test. Early on, we had some
;

16 ! inclination that it might in f act be a f atigue mechanism. This
,|

17 related to the steam generator, so we started locking into
1

13 1what data is available.
19 'I :or the time beinc, disregard this bcx right here.i

.

!

20 ,a I will have an overlay that I will flip on here.

l
21 What these two bands represent are the upper ands

4
o

I22 lower bounds of tests run at various conditions, both in water
.!,

23 hl and air, with primarily an R ratic of minus one or no mean
o
Jyz stress.

Acs-Foueral Reporters, Irw.. "
i

25 ; Now, our tests, as well as scme of the data we
i

I

|
-

,, G
,

. ,

sd

. . - - - -. ._ - - . - -.
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!

I collected from others , shows this trend here (Indicating). I

-

I The B&W tests run in water and saturated steam, with an R ratio
2| 4

'
1

3i of zero or a mean stress of something like 30,000, we got these'

4 data here. And we feel that this, the fact that these lie
1

|
i

|

5! below the line, is attributable to the mean stress that was |
,,

| 1

6: imposed on these tests. i

i

l i
7' So for these carticular conditions , we are not i

! i

i

8 experiencing a problem. |
I I
i

9i There is an EPRI proposal out to look at various !
1

10 I upset canditions, various environmental effects on the corrosion;
l
i i

11 i fatigue, possible fatigue corrosion aspects on Alloy 600. One

i
12 ! of the vendors is going to be working on that. ,

(, 13 DR. SHEWMCN: Is that stuff awfully strong? You are .

1
I i

14 | running tests at 150,000 psi?
,

|

15 MR. MOORE: These tests were GE tests. I am not

i
16 familiar with how they were conducted, but these tests, the

17 stresses were like peak stress, peak alternating stresses cf
1

18 1 55 to 60,000, with a mean stress of 30,000.
l

.t

19 | DR. SHEWMCN: But you run your curve up to 500,000 psi.

20 DR. ZUDANS: Jus t cycling the s train. It is not the
i

n

214 real stress .
d
M

22 0 DR. SHEWMON: Okav.
h

23 j DR. ZUDANS: It lo unfair to call it stress.
1,

24 h MR. 3 ENDER: Those are tube tests to represent the
aa+.ue<e amoners. inc ]

..:,

4'q' 5 team generator tubes. - t.
j | Os J
i i

!

._ . _ _ . . _ ___ . _ _ _ _.. _- _._ ._
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i

1 MR. MOORE: Right.
_

2 DR. ZUDANS: How far did you go in that curve? You

I !

3i show seven. !
t

1
MR. MOORE: That is as far as we went.4|

I
,

5| DR. ZUDANS: It would be interesting to see if you

| i. .

6, have an endurance level, i

.

7| MR. MOORE: Somebody in the EPRI program has the ;

| |; 11 lo i

8 purpose of going out to 10 or 10 ~. |
|

i

9i DR. ZUDANS: In the vibration environment, you might !

10 i have cycles of that order of magnitude. '

l,'

IIl MR. BENDER: They have had a few tube failures.
! !

,
.

12 MR. MOORE: Another major portion of our work,

(_ 13 internally funded work, is fracture mechanics technology
,

.

>,

14 fprograms. We are scendinc a lot of effort and have been for

15 scme time new, looking at ways to perform fracture tests en

16 i surveillance specimens.

17 y Now, I will be getting into the so-called reactor
a

18 | vessel owners group program thac we have, and this is all
i

19 intermeshed. We are croviding this with company funding, but
1

20 ! it really does fit together. And what we have developed new
|

21 is a method of performing the unicading ccmpliance method of

22 ' conducting the single-specimen J test, for getting both J,c
o .

il
23 " and the R curve .

|
i

24 1 And all of the software has been develoced at our
Ac.+._,w awonm. inc.1

25 Alliance Research Cencer and we are in the process new of
i;

'
l'
il

~ t-

9 - '/ UD4 !:
a

_ _ _ _ ._. __ _ __ _
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I transferring that to our hot cell, where we can test irradiated
i

!
i2, specimens. |,

4

3 All of our surveillance programs consist now of |
i

'

| fracture speci. Tens in c6dition to what is required by GNH |4
,

5 10 CFR 50, the CHARP? specimens . And we need this method in
r i
! I

6 order to conserve the specimens and get the most out of our
!

i

7' Iprogram.
I
I

8, As some of you probably know, there is a preposed |
i

9' method in ASTM for doing multiple specimen J tests. This |
|

'

10 | would take quite a number of specimens, four, five, six
|

'

;
II ! specimens, to conduct that test. The capacity of the

i i

12 | surveillance capsules would be like our o'e-inch thick specimenskn
>

i

"

(_ I3 We have like eight of those specimens in a capsule.
I

-

I4 We also have a program under way right now to look

15 | at the effects of welding parameters, primarily flux on upper
!

16 shelf toughness, both frcm the standpoint of CHARPY and actual

l '' j f racture tcughness , both current me thods , pas t methods , primarily
!

la |- witn -- we have some materials tna: have early vintage plants.. . .

" Most of the materials are low copper. We maintain a
i

1

20 ] data bank of fracture toughness prcperties and continually
l21 upgrade data packages throughout the various divisions

f

I
2 *' 1 evaluating carbon s teel properties , and we are active in

,, P
' g monitoring indus try-wide programs .

.i
94 n

d DR. ZUDANS: The data bank --last vear you made a'

a ce.. e.i a. con.n. inc. ,
I

'S 9 presentation -- how is it accessible? Is it public or'

il
o
|

w" : a. ..
,.

_ ._ . .. - _ . . ._
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I

|

1 proprietary or what? I

1

I i

2| MR. MOORE: We are anticipating an MPC effort to
i

i

3 develop an industry-wide data bank. To answer your question

4 directly, it is a company project, but we are participating --
i

l
i

5| and we will bring it up in this slide right here -- |
|

6i (Slide.) i

i

7| We are very active in trying to set up a means of
|
.

8i developing industry-wide data bank for fracture properties, for |
1

9' mechanical prcperties on materials.
i

i

10 i The first item on the agenda is reactor vessel
I.

II ! materials, develop a data bank that can be retrieved and

12 analyzed in any form, say the CHARPY data" to try to currelate
!

- 1

13! fracture cuughness, data like : tis. So we are very active in

fI4 h participating in this effort right here. And this particular
!!

15 [ project is what we call our joint industry program, where we
d
n

16 spend'ccmpany money to gain entrance into industry-wice programs.
.

I ., We have dtnated a considerable amount cf material to these' '

i

'oy varicus programs, including NRC, EPRI and so on. If we have
r

lM; the material available, we would donate it. We have to make a
.

20 1 weld and make it at cost.

21 In the last cwo or three years , we have donated a

2' |d
4 tremendcus amount of material.

.

23 , There is a new task within the HSST ! ogram in which
.

,, ,
they have asked for and we have supplied a low ccpper material'

Ace . .erai Reporters. Inc. a,

m g 'I
1 or a material rOOresentative of our Current Vintace ractiCO.**

'l
P . ,

' 'O
| s t

a

E.i
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j (Slide . )
^

l

2
This one here is an interesting program, because j

i
i

3 it relates to what Tom Mager was talking about on the equilibrium

4 effect. Dr. Wechsler of Iowa State is going to be looking at

i ,

5! materials we supplied to him which were taken, were irradiated !

i
;

6 ! both in a test reactor and a power reactor. And he is going

7 to do a metallurgical examination of these materials to
1

3, compare materials irradiated in two different sources, two like |
!.

!
,
'

9; fluences.
l,,

,

10 And as I understand, he is going to be doing
,

t

i I

11 } transition microscopy, OJ, the complete gamut of examinations . |

i

I i

12 I think this is an important project to hhve the results from. -

!

(,/ 13 I think it will blend. very well with the ef fort going on to j

. 14 look at this equilibrium effect.
t

!

15 I would like also to mention that one of the guys in'

|
our group has been looking at this equilibrium effect and is16 .

17 in scme disagreement with the idea that test reactor data

l
13 , doesn ' t show this saturation thing. I think we would like to

i

J.

19 say that all of the data needs to be looked at collectively.

20jItwouldbeanextremelyfavorabletrend. We are net altogether
:

1

21 ] convinced that it doesn't exist in, say, the HSST program and
.|

22 ' CHARPY data; and certainly is tied to some kind of rate
4
o ,

23 pnenomenon.
J

24 [, But some of the radiations, like at Oak Ridge, you
Ace + .r.i Repor ers. inc.1 -

,,
25 , are getting like 8 times 10^' in three months. Scmebody correct

1

,..* i
',i ,i/i ,

: -

i

-- ._ __ n-.. _ -- .-
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.

I me. I think that is correct. In some of the earlier radiations,
I

i
8

2| we are getting like fluence in light a month to six weeks. So j
..

I

3| we have the opportunity to look at all of these data to try |

l
4 to determine if we do in fact have equilibrium effect. ,

!

5 We are just getting started in -- I understand this |
1
i

6, is under Chuck Serpan, this dosimetry program to evaluate |

i I
7' dosimetry results obtained from various reactor vessel surveil- |

| i

! i
8' lance programs, and try to ge t a handle on it, on just what is |

B

9 an accurate Dicture of fluence measurements made from various i
-

i

i

10 sources. ;

!

11 j (S lide . ) !
I

12 I will be getting into this program in a little bit,

13 in a little bit more detail. It is our owners group program. |(;
-

, i

!14 These two have been mentioned previously (I ndicating) . We have

!
'

>

15 ongoing efforts to look at reactor vessel surveillance capsules.
,

16 We also are providing materials to the MPA. I am not sure --
i

17 it is a German -- Husmal. He is going to be looking at cuite

18 , a number of materials for the effects of various welding

19 | parameters and possible heat-af fected zone cracking.

20 MR. BENDER: Are you providing any ultra-pure

21 material?
n

'

22 {n!
!

{ MR. MCCRE: What he asked for -- Dr. Ayers of ARC --
11

23 } there is a distinct difference of opinion, let's put it that
;'

24 ' way, in what they will find.
Ace Netal Aeoorters, Inc. ,

.

25 , We were not worried about supplying these materials.
I
;

b o
'' ,

", U j u,
I)s

! .
.,

| 1
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1 MR. BENDER: All right. |
|

2 DR. SHEWMON: The difference of opinion is on what?

_
3 MR. MCORE: The tendency for German versus American ;

!

I

-

i

4' materials to crack in the heat-affected zone.
I

5! DR. CORTEN: You think we will not see cracks in our ;

! !,
+

6 material in the heat-affected zone? .

'
,

7|j
'

MR. MOORE: If we see anything, it will be on the !
I I.
!8 order of cohesions, heat cohesions, slight grain boundary i

I
,

9: separations, I think, as opposed to large cracks. j

i !

10 | DR. CORTEN: I think they would all agree to that. j

i i

II , MR. MCORE: Yes. I
1

l . i

12 As I mentioned a couple of :imes already, we have !
:

k_/ 13 program set up with our owners, utilities which have reactor2
!
t

la vessels with high copper, relatively low toughness, weld

15 metals. And I will be getting into some of the results here.
1

16 I will flip through these.

17 ] The objective of this program is to fold -- really,
i
!

13 ' what it hoils dcwn to is the first part and the near-term
a

I9 objective is locking at CHAPPY properties and trying to take

20 a d etailed lock at the current regulatory requirements in
i

21 terms of the 50 fcot-pound requirement at which you measure
i

22 i RT and DT.
o

22 h The lonc-term cbjective is to collect real fracture
,a,

"y fata from irradiated materials, and with these data and all
Aa-F% ral R eporters, Inc. '

'S a the analytical tools being developed within our own company-

9
k

.,

'

] bay .

.- . . - . - -- _.
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1

I and the large programs going on in the industry, we hope to ,

-

2 demonstrate the materials , the reactor vessels, have adequate
,

!

3 toughness for the full life. |

4 DR. CORTEN: Even when their CHARPY energies are

5 below or near the 50 foot-pound?

I6 MR. MOORE: First of all, there are many things I
i

. I i
i

7' interacting. If we have an equilibrium effect, we may never |
;

8, have reached that point. I think the elastic plastic methods
i

i

I

9i that we are spending so much money in the industry on, those !

10 methods are going to hold the key to analyzing and demonstrating:
I

II ! adequate integrity of the vessels.
i

! |
~ i12 ' (S lide . )

( 13 On the near-term activity, we have completed a number |,

i

Id |iof tasks, one of which is the -- an update on more refined
i

15 ' neutron fluence calculations. We have a generic as well as

16 a plant by plant fluence mapping of each weld, of each weld

I7, location.
y

:|

I3 !, Some of the c. lants contain both conclete circum-.

i
M ferential girth welds and longitudinal seams. Some only

g
.|

1

20 " contain the circumferential welds. So we have a complete

21 rapping of what the fluence is on each weld and its particular
,

J

l'2 " aoCatiCn.
,'

.

^ 3 ']' I will have a slide on the characterization of"

24 j chemis tries . We have also ecmpleted a study on the drop of
Am ,rc a econ n. inc. ;'

!

J upper shelf as a function of several elements, as opposed to25

!
'

~ t. i

h b J
p

h
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i

I Reg Guide 1.99, which is only copper. What we intend to do is |
i

- |

2 send a report to our owners which combines the output from these:
i
I

- 3| three items for the purpose of showing what we predict from i

i

4|
i, all of these data will be the time period a plant can operate
I !

5 before it would drop the 50 foot-pounds. We expect this to !

I
61 occur this year. '

'

i

7|
,

'

MR. BENDER: Would you clarify the point you made I

i

8 a mcment ago about the drop in upper shelf as a function ofi
i

. i

9' several elements, as opposed to the Reg Guide; just to clarify

10 that?

'
II MR. MOORE: Sure.

I
12 ; (Slide.)

'

(,j I would like to -- let me give you my shot on the :
13

- !

Id
i weld chemistry. One of the tests we have just completed is a
i

i

di complete characterization of all of the available archive
I

16 ' materials we had frcm reactor vessels. This includes dropouts

l '' fro the nar:19 belt area that contain welds, and also frcm

Mjcursurveillanceprograms.
|

19 There are 27 different wire-flux ccmbinations usedi

a

20 in the operating reactor vessels that contain high copper

'l' low toughness or the low toughness problem. We have archive,'

22

0
~

c:- arenive materials from 1,. c:- tnese wire-: luxlarce amount
-- - , - - -

23| ccabinations. These have been analyzed 400 different times
:

^4
,Fel Reporters, Inc. j

" tc look at through thickness variation. We have also done
ACE-

2"5 i electron micrcprobe, locking for copper variations. And
t'
;

I
i

\a '
; so w

.

. . . , ._. - .- - - . . . ._.
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1 actually, this really has two purposes. One of them is that
|
i.

I
2 it is part of our predictive effort to try to make predictions

,
.

! '3+ on what a plant -- hcw much life a plant will have at 50 foot
_

1

4 pounds.

t5 The second thing is, it feeds into the long-rance
I

6 plan in that these are the materials from which compact fracture,

7 specimens were made and put in the surveillance programs, I

I

i. )
,

8 compact fracture specimens as well as material we supplied to
!,

9 test reactor programs. So we have a complete characterization

10 of those materials that are going to be subjected to further
,

;

3-25 Il radiation.
I

I
12 - '

|

i

d

w

15

t

16

t

17 i

IS ;
:|

.

17 ]

20

21

22

23 )i

24 .j
Ace- tai Aeponen, Inc. ,'

25 '
,!
|

|i !.'.';'
,

,!
.

; ..,
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gsh I (Slide.)
.~

2 MR. ROGRE: We have developed an empirical correlation

3 based on a collection. This graph is confusing. I will get
_

4 to it in i second. We called all available data f rom

5 civilians programs, tes t reactor data, and de veloped an

6 empirical m.odel for drop in upper shelf as a function of

7 chemistry.

S We looked at carbori, phosphorous , nickel, molly,

9 cooper, about eight elements. And what I have here -- it

10 shows what the correlation is doing for us. We have the

J1 observed drop in upper shelf in percent versus what we

12 predict from both the model, what we call the Model I here

13 and a least squares fit through Reg Guide 1.99, which is
,

14 bascd on copper.
'

w' 15 Now our problem is we would like to show that we.

16 have an extended lif e, say if we could show that we don't

17 drop 50 foot-pounds for fluents of, say , 5 times 10 to the

18 18th equivalent to significant life.

19 Reg Guide 1.99, at the time it was produced there

20 wasn't enough low fluents data on which to get a g ood fuel

21 for what the trend would be at low fluences.

22 Since that time, there has been quite a few other

23 data points, particularly S&W programs, where we have looked

24 at surve illance capsules that have anywhere from 8 times 10 to

25 the 17th to low, 10 to the ISth fluence.

_

. - - . _ . . _ . _ - . . . . . - - - - . .
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gsh 1 Now this is what we get from our so-called Model 1.
_

This takes into account all available data, everything that2

3 we could get our hands on -- GE, Westinghouse, CE. And

4 ideally, it would be a 45 degree line. The Xs go with the

5 so-called Model i empirical correlations based on the chemistry

6 And the squares are the Reg Guide 1.99.

7 DR . CORTEN: The squares were used to get your model

8 as well as the Xs?

9 MR. MOORE: Act ually , it is the same data. But this

10 is a least squares fit through what you would get i f you were

J1 to use Reg Guide 1.99 based en copper alone.

12 DR. SHEWMON: The truth is along the horizontal

13 axis, a vertical is always predicted.
.

14 So the points -- the straight line, the solid line

ks 15 is the be t plot through the Xs. And. the dashed line is thes

16 best through what you get if you only take copper and the

17 Reg Guide prediction.

18 MR . MDO RE : Right.

19 DR. CORTEti: Thank yo u.

20 (Slide.)

21 MR. MOORE: We did the same thing excluding everytning

22 but those data ge ne rated from S&d manuf actured wel dments . And

23 this would include destinghouse as well. But we got a

24 much better fit. But we don't have that many data points. We

_
25 have an excellent correction. Again, ooserved versus

-
,

,

k)* 6

. __ _,___ __ - . _ _ . _. _ _ _
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gsh I predicted.

2 DR. SHEWMON: How much of that change is chemistry

3 and how much is flux?

4 You said it was poor at the low fluence. Is the

5 low fluence -- it wo,uld be at the low end?

6 MR. MOORE: Right. I don't know how to answer that

7 question.

8 DR. SHEdMON: The question was: Are you going to have

9 to try to convince the regulatory people that they ought to

10 take primarily efforts to convince them other than copper

.11 should be included? Or is the flux dependence the main thing

12 that you would like to work on them on?

13 MR. MOORE: Taking lnto account the interacting
,

la chemical elements, we feel that looking at copper alone --

k' 15 plus the f act.when they did Reg Guide 1 . 99, there wasn't a

16 whole lot of data available at tne loiv fluenc es .

17 But pr ima ril y, the answer is we want to use our

15 so-called Model 1, which takes into account all data, and

19 in taking into account the interacting e ff ects of the

20 various el?ments that we are using in the correlation.

21 DR. SHEdMON: Chuck, do you have any prograT. that

22 would provide data f or something of this sort witn :ne broadar

23 chemistry look on the e ff ect on -- or do you get that out of

24 surveillance capsules and help interpret it that way?

25 MR . SE RP AN: de are trying to get more information out

J,

_ ._ _ . _ _ . _ . .
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gsh I of the surveillance capsules. I think the whole program that
_

2 we have got is going to help on this par'.icular -- on the

3 dosimetry angle. So at least we will know that is correct.

4 DR. SHEWMON: Thank you.

5 MR. BENDER: The curve -- the low curve is dominated

6 at the low e nd. I suppose the controversial question is
.

7 whether --
,

8 MR. K00RE: How far can we extend it?

9 MR. BENDER: Should you extend it f rom that?

10 MR. K00RE: Yes. We feel comfortable using Model 1

Ji up to about 5 times 10 to the 13th. We don't feel that we

12 can extend it beyond that.

13 Obviously, there is going to be a whole lot more

14 data coming in in the next few years. This will be a

15 continuing e ffort to upgrade this.-

16 DR. WECHSLER: The points that are furthest to the

17 left and down refer to about a 10 to the 18th. Le t's s a y

18 these f our points that are so heavily weighted on the curve.

19 What range of fluents would correspond?

20 MR. MOORE: I don't recall specifically.

21 DR. WECHSLER: It would be on the low fluent end.

22 MR. MOORE: Definitely.

23 DR. WECHSLER: And where tne results might be least

24 reliable.

25 VR. M00Ris You mean in terms of measuring an actual

,,
,

O -u

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



283

693.26.5

gsh I property change. Th6- 's a g oo d po int .

_

DR. SHEWMONr.Which leaves the end of lif e licensing2

3 questions.

4 DR. ZUDANS2 And if you had saturation, wouldn't the

5 point or the curves stop at some point there?

6 MR. Mn0RE: Yes.

7 DR. ZUDANS: My feeling is if you had to somehow

8 quantif y the rate e ff ect , you could f eed this material 1 to a

9 test reactor and run it to saturation and go back and calculate

10 .the e ff ect and see what it would be in the real reactor.

.11 DR. SHEWMON: If you go to higher temperatures, you

12 might.

13 MR. BENDER: We have been trying to do that for c
_

14 long time.

k 15 DR.. ZUDANS: The concept of saturation is not older
,

16 than a year or so.

17 DR. SHEWMON: In this field.

18 DR. ZUDANS: I don't know.

19 DR. SHEWMON: I have the impre ss io n that the other

20 people have talked about it like the cladding and that thing.

21 Sut let's go on.

22 (311de.)

23 MR. MOORE: The long-range clan, tne long-range part

24 of this crogram includes, like I said already, ge t ing f rac ture

25 properties on irradiated materials, which inciuces our power

-

h !

' L e
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gsh I reactor surveillance program, which recently updated about
-

2 two years ago. And all of the materials that we supplied of

3 this vintage to the test reactor program -- we f_ eel like we
_

4 have a comprehensive program. We are going to be getting a
,

5 lot of tect data and we are going to be highly dependent on

6 the results of industry-wide programs, particularly. things like

7 elastic clastic, as I already mentioned.

8 I feel like it is obviously apparent to everyone that

9 there cre many packets of work going on throughout the

10 industry spor.sored by government agencies, independent sources,

.11 and we need to do a good job of tieing all of these things

12 together.

13 DR. SHEWMON: The HS5T.is one umbrella for that.
.

14 Does this come under that?

ks 15 MR. MOORE: It does. .

16 DR. SHEWMON: Are you suggesting that the re is need

17 for another or what?

IS MR. MOORE: From the s 'andpoint of ge tting irradiated

19 material properties on our weldments, we f eel like we have

20 that pre tty well covered. This is our so-called power reactor

2l program.

22 I will overlay tnis briefly and then show it

23 ind i vidua lly. I' shows the redundancy in the power reactor

24 and the test reactor orogram. We have quite a number of welds

25
_

which are ln our su rveillance cepsules. And as I mentioned,

b $

U 'J v

__ _. - - _ ___
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gsh I they have a whole series of different size compact fracture
~

2 specimens all of the way up to an inch thick on the various

3 sites.

4 I think it is only f air to mention that one of these

5 sites was TMI 2. That sltuation is under evaluation. We are

6 going to see the impact of. that. But we have enough materials

7 in diff erent places that we can cover even that si t ua t ion .

8 DR. CORTEN: What is the surveillance program that

9 does collect all that toge the r ? HSST isn't doing it any more,

10 are they?

Ji MR. SERPAN: If you are talking about the surveillance

12 information for B&W plants, no, that is not HSST functions.

13 DR. CORTEN: The irradiation studies program is not
,

14 und er HSST a ny more .

() 15 M5. SERPAN: Yes, there 12 a major irradiation

16- effects program under HSST and we are do ing irradiations of

17 S&W we ld metals.

13 MR. MOORE: It is shown on this slide right here in

19 this schematic form. We have several welds in the H5ST

20 program. Th e testing is going on at the present time.

21 de have also donated materials to the NRC .;RL

22 program. This thing about -- this question tnat Chuck was

23 asked about, do they have programc in place to help as

24 evaluate this thing, just recently it nas been r: ported the

.

NRL studies on aoout 9 B&W weldments, the work was done by25

',s
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gsh I Russ Hawthorne. And I understand that there is going to be
,m

a detailed repor.t written on the results of that work. I2

3 have seen kind of a rough outline of the results.

4 The results look quite favorable.

5 The one thlng I ha ven't been abl to do, they are

6 coded in a certain way that I can't go back and correlate what

7 are codes. So there is going to be another report coming out.

8 It will be a detailed report of the specimens that were

9 tested in that program.

10 DR. SHEWMON: Fine.

J1 DR. ZUDANS: All of these data end up eventually

12 in your data bank as well?

13 MR. MOORE: They are going to be going .into our

14 program and will be part of -- they will be includ ed in reports

k' 15 and evaluations.
,

16 DR. ZUDANS: Is there any single unit some place in

17 the country where the industry or government takes care of

18 collecting all such data?

19 VR. MOORE: The MPC group that I mentioned nas that

20 goal. It is an ambitious project.

21 It seems to me that it would take them quite a lon;

22 time.

23 DR. ZUDANS: That is a German group?

24 MR. MOORE: Materials property council. The ir first

25 goal, their first package o f work they want to cenputerize is

,

#
# V
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gsh I our reactor vessel materials.
_

2 DR. ZUDANS: Your data bank is simply a duplication

3 of the same kind of group of industry?

4 MR . MOORE : We generate it for our specific needs.

5 We have a way of collecting data, say, if we want fracture

6 properties of 718, for example, or 106 piping, or somebody

7 has a specific need in a fossil plant, boiler drum ma t erial,

8 something like that.

9 We can call the Informatlon from which to analyze

10 the f racture analysis.

J1 DR. SHEWMON: Can you about tie things up?

12 MR. MOORE: Yes, I'm through.

13 DR. SHEWMON: One dif ferent question. It seems to me
,

14 that last year we talked a little bit about efforts that you

-

15 people were trying to make was that instantaneous double-ended

16 pipe break was so uncommon that an SSE probably wouldn't set

17 it off, or the probability of those two overlapping was pretty

IS low.

19 MR. MOORE: It mus: have oeen a different forum.

20 DR. ZUDANS: I think tnat was GE.

21 DR. SHEWMON: CE orougnt it in and Westingnouse had

22 a report on it, and I thougnt your users group -- they must

23 have go tten asked the same question, didn't they?

24 MR. Mo0RE: I am not familiar with that.

25 DR. SHEWMON: Well, we wait f or our c le an-up hitter,

| 3, s

__ ..-. _. . . _ . ..~ -.



288

693.26.10 .

gsh I then. Mr. Cowan?
_

2 MR. COWAN: I arrived early this morning on the

3 red eye from California so I don't know if I can remain
_

4 coherent for another hour. I hope so.

5 DR. SHEWMON: I hope you don't for another nour.

6 (Laughter.)
*

7 MR. COWAN: I would like to fill you in on our

8 development programs in the materials area related to the

9 plan site of things as opposed to f uel.

10 (Slide.)

J1 This is an overview chart of where our efforts lie.

12 At the top of the list is stress corrosion cracking cecause

13 that is the -- in terms of availability, that is our main

14 concern. And we have programs going trying to develop more

() 15 fundamen,tal understanding both in San Jose and our

16 laboratories and exchanges with our licensees.

17 DR. SHEWMON: Given that this has been a major

13 program witn you and a continuing one, and that we were

19 he re last year, would you try to work on what we have -- wnet

20 you tnink has changed or what has been added since last year?

21 MR. COWAN: Okay. As we go through, instead of

22 outlining wnat the programs are., I have cicked some of :ne key

pr grams I think that have some results to show you.23 o

24 DR. SHEWMON: Fine.

25 MR. COWAN: So I can stay awake. The parametric

; Oi:
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gsh I studies is a new program which I will get into short-term
~

2 remedies. I will update you on the status. Ultimate materials

3 has had Impact on plants. I will go into that. Improvements

4 applicable to operating plants covers a large program on

5 improving residual stress at operating plants and would

6 cover topics you mentioned earlier like deaeration or

7 alternate water chemistry.

8 I haven't really addressed deaeration, and you

9 asked about that earlier. GE has a recommendation out to

10 utilities to deaerate.

JI DR. SHEWMON: We got it after last year.

12 MR. COWAN: What we are looking at now in the

13 deaeratlon area is the best way to deaerate. Are the re some

14 rlsks involved in some of the methods?-

(I 15 Dr. Endig of our laboratories has found tha t you
,

16 maybe can't simulate just in the lacoratory with oxygen. Yo u

17 ha e to have a play-off of hydrogen peroxide plus oxygen tov

IS simulate the dif ferent deaeration modes. And we ha ve a

19 program witn EPRI just begi r.ning to l ook at that.

20 In this area, we have extensive initiation

21 . propagation studies with caroo n, low a llow , stainless, and

22 inconel materials. We have a program with EPRI on wear

23 resistant alloys. Welding techniques I won't talk aoout, but

24 they are both for operating plants and for requisition plants

25 where we have decided that we designed three or four years ago

s

.

k

i a ,
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gsh 1 isn't the most prudent design. And from our laboratory

_

2 results are changing things that are very difficult to change.
.

3 So we have to developed automated welding equipment

,' 4 that operates in restricted spaces.

5 DR. SHEWMON: The requisition plant?

6 MR. COWAN: on order, but not producing power. They

7 are in that state for 8 years, 10 years sometimes.

8 DR. SHEWMON: Is that right?

9 MR. COWAN: Non-destructive test techniques. I think

10 EPRI covered our prog-ams, actually. I won't discuss those.

J1 DR. CORTEN2 What is that stuff at the bottom f or?

12 (Slide.)

13 MR. COWAN: Tha: is to show why we are pursuing these.

14 It is mainly to increase plant availability. We feel that we

(' 15 have a comprehensive materials-related program within GE .

16 addre ssing SWR problems, and we get pretty good cooperating

17 with the utilities, mainly through EPRI .

18 DR. ZUDANS: The driving point behind your program

19 is increased availaoility.

20 MR. COWAN: Yes. The pipe crac king problem hurt our

21 availability very severely f or two years, the SWR availability

22 (Slide.)

23 In terms of where our funding on outside programs

24 come from, we have one small program from the NRC office of

25 research on a non-destructive method for measuring degree of

.

\

U,i-
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gsh I sensitization in austenitic stainiess steels.

2 We are using this in our factory in Wilmington to

3 sort materials when they come in as a check to make sure it

'

4 has had the 304 materials that has had the proper solution

5 heat treatment. And we use it to inspect piping in our

6 specs.

7 For the NRC, we are trying to develop a field

8 method to measure degree of sensitizatlon on pipe Joints or

9 pipes in operating plants to say whether these are high risk

10 welds or low risk welds for stress corrosion cracking by

\d 11 comparing to the degree of sensitization.
r)

12'
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'

1 We are not done with that program and we don't know
|

2 how successful we will be and whether that weld f ails or does i

|
_

3' not fail, if it has high enough stress.

4 DR. SHEWMON: You are nc,t sure of the correlation or
.

I
t

5, you can't get reliable results? |
!.

!

6l MR. COWAN: We get reliable results, but from our |
!
l

7 ces t laboratory results it looks .ike 304, if it is welded, if |
|
.

8 it is highly stressed, the chances are it has a high probability!

9! of failing. There is a very sharp cutoff between f ail and ,

10 no-fail.
'

!
,

r

11 What we hope to do is show that -- we also know that
.

I
'

12 ' certain heats are highly susceptible. You might call them
i

(j 13 ' turkeys. You run an EPR in the base metal .and you get a very i

,

14 high number. Right now we are correlating the base metal

1 \

15 readings with the s tatistics from cur pipe test lab, plus fielde
!
,

16 : failures.

17 We are hoping that is going to be a method to sort.

18 piping runs in the field.
u

M|'

I will go into the EPRI programs in more detail. The

20 reason I am presenting the EPRI is that when we think we have

21 1 a croblem that needs to be worked on to hele the utilities, we
.,

1

22 Our main e f forts , technical
'I, go to EPRI cn a cos t-sharing basis .

23 .: ef f orts , are joint programs with EPRI.
'!

24 0 With COE, we have an alternate water chemistry programi

Ace-Neral Reporters, Inc.
SC U
" y tha t is now waiting signing for phase two. That is really not

!
'

| / I

'
6

1
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.

1 in the plant materials area, but we did the experiments originally
I
I

2 to cull out what the specs would have to be for an alternate ;

1
;

_
3! water chemistry to preclude stress corrosion cracking of 304. |

i

i

4 And now our new part of the program wi.'.1 be -- if you use that

5! water chemistry, what does it do to other materials besides the
,

i

I i

6' austenitic stainless steel, such as the pressure vessel steel, ;
.

i

!
7; high-strength bolt materials , that sort of thing.

!,

8j (S lide . )

|
9' Most of the results I will be showing you were ;

10 developed in our pipe test lab, which takes four-inch Schedule 80

l
11 pipes that have four to six-inch sections welded together. So

| |
. I

12 | one pipe specimen has 11 to 12 girth welds in the pipe. We i

I
i

(, 13 pull on it axially to very high sustained loads on the order of I
i,

I !

14 | maybe 136, 140 percent of the yield strength. And we have
:

15 ' 72 such test s ta tions .
i
,

I
16 They run in a refreshed manner with high-purity water,

,

s
'73 and there are several sub-lcops to look at water chemistry

?
:I

la j ef fects , et cetera.

17 ' This facilitv 'as made at a cost of 54 million in
l

20 ! 1977 dollars.
.i

'i

21 DR. CORTEN: You say 140 percent of yield, control

22 load?
i
l

23 'L MR. CCWAN: When it is load control. Some of the
1
:|

24 |I stations do have the facilities to do deflection control.
AceAeral Aeoorters, f ec.1j

25 j Primarily the testing has been load control.
q _.
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1
DR. CORTEN: That must be approaching ultimate ,

I
:

2| strenght. 1

i ,

' i

_
3 MR. COWAN: No. Austenitic stainless steels, 136

4 percent is about 2 percent strain. Maybe 60 percent strain,

5 right as it is bending over.
i

i

6| (Slide.)

i

7 1
This shows a typical load cycle used in the pipe test |

i

|
3

lab, zero to 136 percent yield in five minutes, a hold for
i

9 75 minutes, ramp-down in about one minute, hold for five

10 , minutes, and then back up.
! .

i !

11 i The oxygen content of the water, it is air-saturated, ,

4

i.

12 so it is 6 ppm plus or minus 2, temperatube around 540 to 550 j!

i
'

+

( 13 degrees Fahrenheit. The pH is set by the carbon dioxide and
,

-

14 San Jose smog at 5.5, and normally 136 percent of the load

i

15 ' axial plus 4 ksi from the pressure stress.
!

16 [ We went up to 1200, I think, psi.

17 : DR. ZUDANS: Is there any reason why you use stress
i

13 control?
h

19 MR. CCWAN: Yes. In our original studies in the

20 | la te 6 0 s and mid- 6 0 s , late'60s, sensitized stainless steel
.I
I

211 does not suffer stress corrosion cracking under a strain
t

t

22 co ntrol . A bent beam sample of a severely sensitized sample,
- 1

i

23 Out in exvcenated water. Nothing happens.
il

ou use that same material, the same -- and put it24 " v

Ace Meral Reporters. Inc. 'il
25 ] under axial sustained load, a primary load as oppcsed to a

i

, e, . ,

L) |1

t
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1

I,

1
secondary load, and the material will crack if it is over yield.|

t

- |

2 That is why we went to sustained loading, primary type loading |
|
.

3 in the pipe test lab. j
i
'

4 (Slide.)
I

i

5 The first thing I would like to talk about is our j

.

I

6 qualification of alternate alloy, and that is, the objective

7 is to find an alloy to replace 304 and to do it as quickly as |
.

3- possible and get it into requisition plants where the utilities |
!

9 are willing. |
i

10 (Slide.)
i

11 Our approach -- this program started two years ago.
i

12 ! This was to do screening tests to pick what looked like good ;
t.

i

( 13 candidates, and then do a qualification series in the pipe
|.

14 tests on a statistical number of heats of both 304, for

15 ' reference data, and a stastistical number of heats for the
|
i

16 ; alternate alloys; and then to ia.plement it in the BWR services
|

17 ] with the correct specs , working with the vendor and working

la N with the utilities .
;i
i

19 | The candidate alloys that we chose for the screening
|

20 .; stage of pipe tests , tI: - statistical pipe testing, were 304 L
1

21 and 304/ nuclear grade--and I will explain what those are later --

22 | just ncrmal 316, 316 L and nuclear grade, and you can read the
- I

!

23 rest of hhem: CF-3, a cast alloy, XM-19, being Armco's trade
!
a

24 " name for -- it is a nitrogen manganese austenitic stainless
Ace-k.ral R eporters, Inc. '

25 , steel which we have used successfully in our control rod drive
,

?

i
( ,'U * *

I
a

!
sl

.
'
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I applications. We qualified it for that use two years ago. It
.

- !
;

2 nitrites without sensitizing. {

3
_

We have done our pipe screening studies, our pipe |
i

4 step testing, fatigue testing, that is, in the environment; |
i
t

5 low-cycle f atigue testing in the environment, static crack !

|

6 .. growth, cyclic crack growth, constant expansion rate.
I

i

7'. am going to show you the results of the -first two,I
,

i

8! which are the hardest to do and the data that is the most |
|

9; applicable and interesting.

1C (Slide.)

II This shows our reference-type 304. We have tested
i

| .
'

12 ~ '

19 heats, that is, 19 different heats of 304, Schedule 80,
i

(. 13 four-inch pipe, with 11 welds in each heat. And of the first ,,

I4 19, 14 of those failed by stress corrosion cracking, and the

15 i failures go pretty much b'1 the carbon content. Dcwn around
I

i

16 ' .042 percent carbon, some heats fail, some don't. It is above

I7 j .05 that they all f ail 2n this very severe test.
h.

I3 j We go to 316 L/ nuclear grade. We tested 11. We have

i

19 had no stress corrosion failures, although we have had --

20 because we are running out to very long times, we have had some
a

21 f a tigue f ailures . The low cycle, just fatigue.
,

uI And the same with 30 4 L/ nuclear grade, 347. They-'

2", all show, on a statistical basis, a factor of 20 better than
o

24 0
t j 304, looking at these many heats . And that was the objective

Ac .% . ,.i acoort.,i.inc.,i

,c l

" g of the program, to show a factor of 20 on a statistical basis,
1
i

6. *
+ n,* -

j ;a vi
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i

!

I which meant that the material would last the life of the plant i
I

2 without cracking. This is a first order statistic, based on
!

_ 3; a log normal distribution, which is kind of complicated. And ?

i I
4' I will just leave it at that unless you have some questions. !

l.

5 DR. SHEWMON: What is CF-3? |
|

6 MR. CCWAN: That is a cast version of 304 L.

7 DR. SHEWMON: All right. ,

,

'

3, (Slide.) ,

I
9 I MR. CCWAN: Next is fatigue initiation testing.

10 (S lide . )
!
,

i '

11 ! We were using cantilever beam specimens, which we
'

i,

1 . |

12 were cycling in this manner. This is the same kind fo apecimen !
*

:
t

~

13 that was used in NRC-type rupture studies which we did in
{,

;

14 Dresden. This was the same kind of samples down in the lab in
.

i
'

15 a .cister autoclave, and you can look at the different alloys

16 ! we locked at, the compositions, the number of heats. And we

17 |, locked at smooth plus stuff that had been pickled, cold worked
.I

i

18 and welded. So we tried to look at surface conditions.

Ml I will shcw you the results for 316 L. This is the

20 : air rocm temperature, air data curve, and this is the ASME

I' design curve. What we did was , we did visual inspections atZ

22 ] these points in time. So it wasn't failed here but it was
||

23.i failed here. It is just some uncertainty bend. It failed in
'l

,,t,
t n, e r e .

AceNeral Reporters, Inc. I)t
"

'i

25 ? In any case, all of the data points are lieing along
r

f

f . , ..;,;

| N0A
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!

l

1 this strain line. These are pseudo-elastic stresses; that's !
I

-

| !
.

# '

2' why they look so high.
l
'

_ 3 You will see the 316 L, no matter what condition,
i

,

4i f alls well above the design curve.

5 DR. CORTEN: What is your definition of failure? ;
,

l

6| MR. CCWAN: Initiation of a crack that you can see

7 visually with a 30X piece or broken in two. Sometimes it would

}

8 be clean here and iu would be in two pieces nere. Some data |
,

I

9| points might be a crack you can see. We tried to be as conser- '

!
|

'

10 | vative as we could. ,

i

11 DR. ZUDANS: These data points are actual fracture
:

"

12 I points?
i

h 13 MR. C:WAN: Yes.
,.

<,

14 DR. UJDANS: And the ASME design curve is a factor of '
i

15 | two below the icwer end of the curve of all --
i

16 ' MR. CCWAN: No, a factor of two, and 20 on the mean.
!

17 DR. ZUDANS: On the mean, en the envelope, on the

13 'l lower enveloce.
1

19 '1
-.i MR. CCWAN: The ASME cycles to failure curve, and

20 this is t:he de sign curve, and that is hcw you get a f actor of

21 two and 20 or the design curve from that mean curve.
I
,

i

_

DR. CUDANS: I thought there was an envelope. I22 '

23 !j guess this will have to bc resolved later, right?
|

24 j MR. COWAN: I guess this is the mean curve and this
(

Ac .ewerai n oonen, inc. q

25 ); is the design murve. I think lu is a factor -- so our data
!!

i
. .

|
E ,/ l.i . ' f

,
.
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1 points are all above the design curve, and the design curve is
-

i

2 to take in surf ace flaws and the environment and that sort of I
!

_ 3, thing. I think the data is very conservative.
< ; ,

'

i
4' We developed this kind of data on the other alternate

,

|
.

5 alloys as well. |
|

6; (S lide . )
'

I
7' I said I would talk about nuclear grade. What we have!

S cone is, we would like -- what we want to qualify as an alloy
! !,
i

9' or use as an alloy for piping is a -- out of these tests, is |

10 a low-carbon alloy, less than .02 percent carbon, and we want
j

| 4

11 I to have the strength of 304, 316. So we have written our ,

I !
i

12 ' soecs and we call it 304 and put an upper' limit of .02 on the |
!

k c' 13 carbon content.
~

i
t

14 So from a stress analysis point of view, it meets
1

15 all of the requirements of 304, 316 mechanical properties.
i

16 i It is a tighter spec on carbon than 304 L cr 316 L, but it has

17 the mechanical properties of 304 and 316.
!

18 j All of the heats we tested of the alternate allcys
I,

19 ; had the strength of the normal grade.
q

20 ' DR. SHEWMON: You get the additional s trength by having

21 the nitrogen be so:ie higher, then?

a

__
22 j MR. CCW OI: In all our cases, we get the additional

i

23 strength with tra nitrogen being on the upper limit, like .06,

4

( 24 d .07, but within the .01 -- I'm sorry, the .1 range. There is
Act-rtveral Reoorters. Inc.

25 [ a grade going through validating an ASTM to have an upper li:c.it
'I.
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I

1 of -- have this kind of a range for nitrogen. I am not suret !
,

~

I !
- 2 what it is going to be called , whether it woulc be LN, maybe

1
3 LN grade. But we have been able to buy this material to our

i
;

i

i
I I

4i specification. |

|

5 The bottom ~ line of this program is the 12 requisition |

|

6! plants, 10 domestically, have ordered 316 nuclear grade to
r.

I

71 either -- they have either canceled their orders for 304 or are |
| ,

I i

8 scrapping their existing 304 for the recirculation system, at

9! considerable expense.

10 Our work on the alternate alloys continues , looking

I
11 ' at the effects of, say, off-chemistry conditions. We are g'ing

I
i

12 ; to do some testing with very large, 16-inch diameter pipes. We i
i t
t

(, 13 have two stands to, test large pipe. But we are confident enough|
i

14 , on our data base to recommend this change *o the utilities.-

i

!

15 | DR. SHEWMON: The nitiogen doesn't come out as a
!
|

16 ' chrome nitrite, or if it does, it doesn't go to stress corro-
'

17 o| sion?
J
,l

lal MR. CCWAN: It doesn't come out as a chrcme nitrite.
I

19 ' The nitrcgen solthility is higher than tha t of carbcn. The

20 ]i XM-19 alloy I was talking to you about is .4 max nitrogen, and
:i

21 .i; there is ne nitrogen that precipitates nitrites
I22 (Slide.)

~

'I
h

23 !! I descr#. bed our shurt-term remecac: For the last
n' t
i24 il time, I will give you the status of where they are. The

Ace N. .ral Reporters, Inc. h

25 reference pipe 304, everything is gauged against this. This is
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1 a different set of references than the alternate alloys, because;
i

2 they were started earlier. I

_ 3i And corrosion-resistant clad applied in the shop, i

!

4 the shop corrosion-resistant clad has a factor of improvement
I
!

'
5 of 65, so we feel it is qualified for use. Corrosion-resistant

i

6 clad done in the field -- the difference is, in the shop you
i !

7' provide the cladding, so the heat-affected zone from the first ;
i

|

3, layer of duplex cladding is gone, so other heat-affected zones |
t
!

9 are in the solution heat-treated cladding, whereas in the shop --

10 ! or in the field application, you leave the heat-affected zone.
i

11 | It is not as good. We only get a factor of six for the shop
i

.
t

12 ;;application of corrosion-resistant clad.,

(, 13 For solution heat treatment of welds, as you would
,

_

14 expect, it shows a factor of improvement of 65, which is as

15 , long as we have tested in heat sink welding, which is a technique
|

16 of making the first two layers in a normal manner, and then

17 either spraying or flowing water through the pipe while the

la filler passes are made, has shown a facter of improvement of
;

19 15.

20 So we are out to our requisition projects. Those

21 that were cctritted are already welding in 304, you know, to
d

,

22 d use these fixes or these improvements of heat sink welding,
a
15

.-27 23 ccrrcsion-resistant cladding and solution heat treatment.
,

Ace m eral Reporters, Inc.
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1 Many requisition plants are getting most of their

2 welds affected by one of these --

3! DR. SHEWMON: Solution heat treatment. |
i ,

i I

|4' MR. CCWAN: Is done in a shop. '2he welds are done in

|
5 the shop, sent to a heat treater. The whole arrangement is i

I i

I6 jigged, put put in a big furnace and water-quenched. ;
,

|

!
7 DR. SHEWMON: The Japanese were talking about

l

8| induction heating. ;

>i

! l

9, MR. CCWAN: That's next.
I

10 ! (Slide . )
i

i

11 ! MR. BENDER: Can I back up for a minute? I would like'
! |
; -

.

12 1 to ask a question while it is still fresh. Your position on |

, .

(_. ! 13 ' 316 material. First, you have had that option a number of timesj
i

14 in the history of these plants up until now. Why was it that !

15 , you have always wanted to go -- stay with 304?
!
I

16 | MR. CCWAN: That is a good question and I am not sure

17 I know the answer.
a

|

18| 316 is more expensive, but why not 304 L? Well,
1

i

19 304 L would require a new stress analysis en all of the piping
:

20| systems, because it has different allowables. And nobody

21 }L thought of the concept of trying to get low carbon with the --
't22 y maintaining the strength.
J
,1

2' ' 0'"s I think we are a lot smarter new than we were

24 five er six years ago. Plus I think designers are more apt to
,

ACT >wweral R eporters. Inc. h

25 l listen to materials people in the last several years thar they
!
I

I -
,

,>
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'

|
1 were, #or example, 10 or 12 vears aco or 15 vears aco, when mostl

|
\ f'2, of the decisions zor the plants that we' re running now were

I'
, .

.-

3, made. 1

'

4 MR. BENDER: You are probably right. But it is a
,

.

5 qualitative argument. I don't think money should have dominated;
i

6 the thing, because there is not that much difference. |
, I

I

7| MR. COWAN: I don't think money did dominate it. !
'

i

8' DR. SHEWMON: How about mechanical engineers? Did

'

9 thcv dominate?*
i

|

10 , MR. BENDER: They are kind of bullheaded sometimes. !

i

11 MR. COWAN: Until '74 and '75, until we had that rash '
|

it was difficult, except 'for some lab data, to12 'bofpipecracks, !

(, 13 show why you should have a change. ,

'

!

14 , MR. BENDER: I didn' t want to divert you that much. '

15 MR. COWAN: It has been the subject of some arguments.ii

i
|

16 ! (Slide.)

17 )| In your handcut, it shcws how these factors of

i

13 J improvement were calculated.
1

19 (Slide.)
1

20 i Induction heating. The Japanese call this process

21,; induction hearing stress improvement. In the United States, we

!i

22 p are callinc it residual stress improvement. It is an induction
!

23 ,!|| coil with flowing water. You turn the induction coil on, the
I;

;l
24

( . inside remains at 100 degrees max, the outside goes to 500 C
Ace + eral Reporters, Inc. I

25 j max. You plastically upset and when you cool down you wind up
o

b

b - in:
3 o#
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l

i
:

I with compression on the inner surface. |
'

! 1
i

2j DR. ZUDANS: If you don't crack it in the process, you;
I

i

- 3, develop f antastic tensile stresses on the outside.

4 MR. COWAN: Stainless steels are pretty tough.
i
1

5 The concept is, to answer your question, it is not a ;

l

6; tremendcus amount of plastic strains, because, again, it's a

7||secondary type stress. So you can only put as much strain in as
i

8| the delta T term. So I think we are talking even less than, |
i

|
|

9| say .3, .4 percent strain, which is nothing to stainless steel. -

l10 DR. ZUDANS: The inside surface gets beyond the U

i

II I point. !

t
i

12 MR. COWAN: But that does not c' rack stainless. !

- 13 DR. ZUDANS: So you bring in the residual surface |
i
ie

Id compression.
I

15 MR. CCWAN: Right, and you end up dcwn here at the

16 end of the process with compressive residual stress (Indicating)'.

17 So our program is, kncwing that and knowing that the

la Japanese have developed this technicue, was to develop our own
i

l19 ' way of doing it. Not that it be different than the Japanese ,

20 , but just to get people in the United States to learn how to do
.i

21 j it and to learn ourselves how to do it, which we have pretty
1

~

22 l much done; and then to show to ourselves and then to the
'

i

22 regulatory bodies that the darn thing works. And we want to

i
, 'a

i ; show that by pipe testing.'

Aceberst Reporters, Inc. L
125 And the third task is: It works, but how do you do
i

I '1 -|t |
-

- e oou

|
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1 it in a plant that is already operating in terms of radiation ,

a

l

2 fields, containment, talkino sbout big generators. So we have i

!
I

_
3' a task on how do you do it and then doing it, getting the |

< | i
'

I

4' capital equipment and maybe demonstrating it on one plant.
t

5; I might add that in Japan this has been done, evenon;
i

6| the recirc system in an operating plant. So it is doable.
~ '

i

.

I

7| (Slide.)
; I

I l

8 our schedule for these tasks, briefly put up here, is i
'

i

9;i to have everything done by the middle of 1980, one year from
i

10 | now.
'

!

I

Il { DR. ZUDANS: Would there still remain a question as
i

i t

12 i to -- you demonstrate how you cure it. Wouldn't there be some I
, e
i .

(,) 13 process of relaxation and you may lose the ef fects at some point
I

!

I4 in life?
'

15 | DR. SHEWMON: What you want to lose is one residual
i

16 | stresses that are in there.

I7 DR. ZUDANS: It is the compression stresses you don't

12 want to lose.

I9 DR. SHEWMON: You don't lose residual tensile stresses.q

20 If we did, we would be very lucky.
I

2I N MR. CCWAN: There probably is some loss of residual

22 stress initially, whether it is the tensile or compressive,
_

o
i

3 And in our experimental .natrix, we are treating these pipes at2

.

24
R eporters, Inc, |500 degrees C. for 24 hours, which marks up -- should mark up,

A ct + . .er al

''5 p the worst condition of in-service LTS plus in-service stress
|

| 1'/ UU)
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i

l relaxation. So that is covered in the matrix. )
i

2 DR. ZUDANS: You would go through a range of residual .

I

3' stresses, not just maximum amount every single time. In other |
_

i

( |

4I words, there is a point where you do not get any more benefits.

|
5i MR. COWAN: That's correct. ,

i |

6' (Slide . ) ;

1

7 In this chart here, we have tried -- these are the |
,

8 conditions to optimize, where you get nice plastic upset, but
i

9 it is not complete overkill. The reason I show this chart or -

i

10 | brought this chart was to show you the kind of powers required
'

Il ! for 26-inch pipe. It is almost 400 kilowatts, so it is a
t
I |

12 ! pretty big induction heating system to tu' n the inside surf acer ;

! i

() 13 ! of a pipe compressive.,
* I4 For the 26-inch pipe, we are talking less than 200

i

1

15 seconds. For the four-inch pipe, we can do it in less than
,

i .

16 13. But our licensees have shown that 200 seconds -- there is
-

>

;

!

1,/ 1 no chance of even sensitizing the outside. There is no chancei

l
13 to sensitine the inside, since it is always at 100 degrees C.I

||
i

l '' , maximum.

1
!

20 (Slide.)n

14

21 " Now, we have instrumented with strain gauges scme

'

,,i pipes we have treated, and pulled them and gotten the stress-"

,

23 , strain curves. I am showing one result to show hcw the apparent

d:.

yield stress of the IHSI pipe is much higher than that of thei

Ac..E .r.i aeoonen. inc. ,,
i,c

"j reference pipe, and how it changes in going away from the center
i

J
n

' s i,e s' 68
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I! line of the weld, the residual stress effect as that falls off. |
l I
!

-

2 I have also shown that when you stress , when you test j

- 3| the stresses above yield in stainless is when you get the !

, i

!
4' cracking. We haven't seen cracking in our laboratories at i

!
i

5 stresses below about 100 percent of the yield. So you have to |
,

6' be careful in testing the IHSI that you don' t overstress it.
1

1

7| That becomes important when I show you one of the results. i

8 Our first test was to run, like vc did the alternate
i
!

9! alloys, where it doesn' t really appear to matter what stress

10 you test. You don' t get intergranular cracking because it is '

;

II I not sensitized. Here we got sensitized material and if you '

!

12 , overstress it you wipe out the compressive residual stress, and.

r

(. 13 f then it can fail.

I4 | 1
-

| And the disadvantage of coing to lower stresses is
|

15 ; the reference p: ,es take a longer time to f ail. So it extends

16 h your program out, waiting for the reference pipes to fail and
1

3 ,' ,
then waiting for your IHSI pipes to go scce time beycnd there,u

i

12da to say that it is at least 5 times or 20 times betrer than
;

i

10~'i doing ncthing.
:
i

20 j (Slide.)
l

'l I Our pipe testing in this area. We are simulating-

-, i

_ service exposure by the 500 degrees C. 24-hour treatment, and"'

?
o

Di ||
establishing points for first f ailure for treated and reference--

g
,

pipes, to establish the margin of improvement, using the
aceA,ral Reporters, Inc. q

'5 |l f ormula that is in vour handout. And we are making the pipe
1^

i
i

,

6 \ /
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I

i

1 specimen's worst case conditions, with this low temperature ;

!
'

2 sensitization treatment. We are grinding the ids af ter welding,
I

Il
_ 3i which imoroves cracking susceptibility. And of course --

4||
i-

DR. SHEWMON: Tell me what that last curve meant.
i

5|
'

i again? Tell me what low-temperature sensitization means?
-

,

t

1

6 1 MR. COWAN: That is some of the work that our corpor-
i,

7! ate research labs have shown with time, at reactor temperatures
i

8i of 300 C., that it may be possible that the sensitization in
!

9' the heat-affected zone gets worse. This is a heat-activated
;
i

10 process, and it may be in 20 years it is twice as bad as it was
;

II i when it went in.

i . i

12 | Knowing this, we used that in our tests. We give it

( ,' 13 f a treatment of 500 degrees C. for 24 hours, suppose 11y the

14 worst case of what it would be at the end of 40 years if this

i

15 thing really happened. So it is kind of -- to test, to make

16 | the test more conservative.

17 (S lide . )

13! The prcgress is, we are just starting this prcgrar.
!

i

19 It is our first reference pipe. The heat we bought Oc de the
e

't

20 ! IHSI program failed. It went back on test again cnd it failed
i,

'l again.-

(_ 22 You need a susceptible heat to shcw that the IESI or
H

23 ] the RSI technique is working.
24 ( S lide . )

AceAe ai neoonen. anc.1

25 : So in the treated scecimen, five of the joints have
i

'
| .

''
> st

-y r,
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1 done okay. We have had one intergranular failure after 463 |

|

2 cycles. It so happens this failure occurred in the weld prep. j
i
'

_
3. It had a fairly thin-walled area, so it was right on the edge

- I,
t

4 of, evidently, the stress, that 136 percent of yield on a :

I
'

,

5! nominal basis. Locally, it was higher than that. It was over '

I .

3

I '

6! the edge of where the stress wiped out the improvement.
I !

7 The other, thicker sections were right under the |

1

8, edge. We are looking at that carefully and how to do the rest
I !

9 of our program. We will probably drop down to 125 or 120
1
; .

10 i percent of yield, to show the e f f ect . I

i

! '

II ! I show this to :say it does appear to work, but it is |
'

1

12 ! a testing problem to show -- in a reasonable time -- it may be
|-

() 13 ! a testing problem to show, in & reasonable time, how well it |
l i

'
14 i works. -

1

15 DR. ZUDANS: In a thin-wall case, you may not have

16 generated compressive stresses to the surf ace, because of heat
4,

I7 transfer between the water and the metal.

IS MR. CCWAN: It wasn't that much thinner.

l9 DR. 2CDANS: I take back my comment.
!
1

20 :1 (Slide.)
!

21 |j The weld prep was a little bit off-center, so there|
i

v1i " was a thinner recion on one side. It was just up about 140,'

!

23 140 percent, 141 percent of yield.
H

24 ||; MR. BENDER: Have you looked at the Japanese data?-

ACT+ ar al Reporters, Inc. 'ie

n5 !I
q MR. CCWAN: Yes. .'

.
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|
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i MR. BENDER: How much better is it than yours, or

2|howcocdistheirdatabase?
8,

_ 3: MR. COWAN: Their data base is very good. They have j

l
'

4 done a lot of paranetric studies on how to do the IHSI treat-
1

ment. But they have done no pipe testing. They have relied |
*

| ,

.

6 on magnesium chloride testing to show, if you take a normal !.
l

7 weld, put it in magnesium chloride for about eight hours, pull j
!

3 i it out and PT it, there are cracks all over it from the
Ii

9 residual stresses. If you do an IHSI-treated pipe, it is
t i

10 clean. ;

i
-

II They say that's enough, it works. It makes the
.

I2 '

stresses compressive, so let's go.
!

kj 13 | MR. BENDER: That was helpful. j
i

-

I4 MR. COWAN: Another program is a parametric program |,

i !

'1S; to look at the effect of oxygen level stress cyclic frecuency
4

I
16 under pipe test laboratory conditions. And this is really to

a

l''I gain more insight into the field cracking that we have seen..

4

13 j; Most of our testing has been on small samples, coupons without
,

I9 residual stress or without typical grinding of a weld. So this

20 is to get data on prototypical or real field conditions.

21 I am going to skip the next slide, which just tells

( 22 in more detail what that program is doing, and that program has
.

a
na
"i!just started.

9

*4*
4 (S lide . )

Ace +. .rsi Repor ers. inc. q
'

2'" 9 aother program that has just s tarted is ar
n
||

||
-
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1 EPRI-sponsored program to look at large piping. Except for
~

\

2 Grumingen, there were no leaks. We have seen no cracking in i

I
i
|

_
3i large diameter pipes. And in the 1975 period when we did our ,

4 major work on the causes of cracking, the reason we hadn't i

t
|

5! seen cracking is because of the residual stress that was |
|

6| lower on larger pipes.
.

|

'| '

7| And then, looking at the Grumingen, it looks like j

i !

8 there may be other factors that help as well. So this is an
t

i

9 EPRI-sponsored program to see if we can show there really is
i

10 i a difference between the large diameter pipe and there really
i

I !II ! is more margin.
|

, . i

12 | The kinds of things we are looking at on task two,
! i

(e 13 which is the metallurgical stress co' rosion part, we are lookingir
t

la at crack arrest in residual stress, crack arrest in weld metals.i

1
i

15 } In Grumingen, they stopped where the Argonne results showed
'l

16 the *esidual stresses go ccmpressive. But they also stopped

1

17 ] when they hit the weld metal, which we know is very resistant
1

'3j to cracking, especially at ferrite levels abcve 3 or 4 percent.
.i

19 Sc we are not really sure why they stopped, whether it's
.;

20,j residual stress or weld metal or a ccabination of both.

21 Then we will do some full-scale pipe tests with

the fracture mechanic(, 22 || predefected sammles to confirm what
23 q specimens will shcw. That program is just starting.

3

i

24 (Slida.)
JAce.,wer. a corms inc.

25 And last, internally funded crocram on Allov 600, in
"

;j,. , ' ,
i

>

I
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1 which we are looking at three heats of 600 and three heats each :
i

|

2 of 82 and 182, the filler metals. We are looking at a bunch ;

!
!

3 of different heat treatments that are of industrial signifi- !

\-

j(
4 cance an-welded. And LTS, again, a treatment to simulate

i

I
5' long-term service exposure.

l
I '
I

6: We are looking at, under normal water conditions |
:

i
-

7i except high oxygen, hopefully to accelerate the test program j
i i

l

a! using constant-load crevice to non-crevice samples, not pipes.
1

!

9 Constant extension rate testing. We have eight
I

!

10 constant extension rate machines, which are essentially very |

11 , slow tensile tests in our environment. And so far, most of

I i

12 + these tests we have done have not -- we have not gotten cracking;
I !

13 on inconel. It is a very difficult material to get data on.(3
i

-

14 Dur constant extension rate testing, which forces the sample !

i

15 i to fail, then you look and see if it was intergranular or

16 trans-granular -- it does look lik e we have hit upon the right-

17 extension rate to get intergranular cracking and susceptible

d
la heats.

19 I might say, the susceptible heats -- one of seven
1

-1

e-23 20 heats we have looked at has shcwn susceptibility.

21

22 j
t-

3

23 j
1

24 1
1 i

Aces .r al Reporters, Inc. p
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jl 1 1 This you used in your piping sometimes ?

|

'

2! MR. COW AN : Never in piping. We used it in safe ends
I

\ \
'

3' and some core internal application. This is a program that
,

;

4 I is ongoing, but the results are still kind of preliminary and ;

,

i

5- s catte re d. We are still waiting for results. |
t

6 DR. SHEWMON: Some of those meditative people at your

! research labs try to decide why the other six Cidn' t?7
>

i

;

e; MR. COWAN: Not yet. "h at was just the result of the |
: !

l
9; last month as a matter of fact.

10 | DR. ZUDANS: I have one ques tion. Didn' t you s ay
!

i
11 that when you did the sample and put it in the large strain,

.

'

i

12 i it. lost its (inaudible)? ;
,

I
~

k_) 13 ! MR. CCWAN: That is correct.
; _ . ,

14 i DR. ZUDANS: If you lock at this strain diagram, it
i

i

15 j shouldn't.
,i

MR. CCWAN: I think -- why shouldn' t it?

16 ],

17 U DR. Z UDANS : Because you would return on an elastic

13 curve in the tensile zone and move on in the plastic zone, and
i

19 tha n en the return you would prestress it higher.

DR. SHEWMCN: Go out in the hall, please .20 q
!

21 j DR. ZUDANS: I just want to make him think about it.

( 22 a DR. SHEWMON: Good.
i
i

23 Please come over here . Tell us what Combusion

24 Engineering is doing for the safety of nuclear reactors?'

(
Ace A9deral Recocers, Iric. I

25 MR. AYRES: I am supervisor cf special analysis, plant

.i

]

d
'
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,
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i
,

1 plant engineering at Combustion Engineering Pcwer Systems .
- ! ;

- 2' This afternoon I would like to talk only about two

3i reserach programs at Combustion which are related to materials
_,

i

4 and mechanics of metal c cmponents .
.

;

5 First, I will talk about our program en irradiation '

!

l

6 ef fects on reactor vessel materials and then I would like to

7; bring you up to date on my favorite topic, which is our work
i
t

8 toward development of pipe break criteria.
?
I

! As a supplier of nuclear steam supply system !9

10 ! components, CE maintains a developmental effort in the area of
i

11 | irradiation effects in reactor vessel materials to provide

i

12 ' maximum assurance of the integrity of the reactor pressure

(| 13 , vessel. Specific' ef forts in this area include reactor

14 / surveillance program design, irradiation effects, prediction
i

15 and analysis, fibrication methods and materials monitoring,

i

16 and participation in the development of industry standards .
1

17 | First, I would like to talk about our icw copper

la j program. The low copper program is a cooperative research

19 effort by NRC, Combustion Nickel Research Laboratories to
i

20 ' assess the ef fective cepper content on irradiation sensitivity

21 , of cc=mercially produced reactor vessel plates and weld
u

i
( 22 1 region materials.
s

23 l The results of the program were described in NFL

y 24 -| Repcrt 1977. The intent of my presentation to day is review
, o

ace.Neral Reporters. Inc. ]

25 the program results with respect to their impact on reactor

i E ,
-[

;,

( <U
I
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!

|

1
vessel design for irradiation effects. |

-

,

2| In general, it was found dhat restricting residual
|
.

!

3, copper to 1/10th percent or less results in a significant
-.

t' !

4 reduction in radiation sensitivity. '

i
i

5 (Slide.)
!

The data from the tests normalize the fluents of6
i

19
7 3 X 10 are shcwn in these two slides . The first one , i

i

8 copper and phesphorus are weighted, the s ame way they are in {
!

r

9 Rag Guide 1.99. For plates, further reduction in copper

10 ' content, below 1.1 percent, does not result in additional

i

11 reduction in DT shift. This would support present practice
i

12 ' of using .1 perenet or .0 8 percent copper as a lower bound
| -

(, 13 i for shift productions . .

14 , For welds .however, the trend of reduced shift with
h
a

15 copper content continues below .1 percent.
|

|

Figure 2 here ic Ehe s ame plot , with the phosphorus.a g
I
f

17 term cmitted. The s ame trends are apparent , indicacing that

13 inclusien of the phosphorus term is not ne ces s ary .

19 These figures also indicate that welds tend to be

20 more resistant to radiaticn Ehan plates for a given fluence,

l

21 end cepper centent.
1
'l

22 j (Slide.)
s

DR. SHEWMON: Be fore vou re ad that , Mr. Moore didn'tn, .-

i.

24 , tell us his eight elements. Do you knew what comes next, cr
a

*ce+ -.eral Recorters. I nc. 's

25 will we get into that some en your next slide?

1

' l.
$

j|
.

j () i !'k '

-^ - .e- - %me.4,ew-- a
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1 MR. AYRES: We will get into that after a couple of
~

2! s lides .
!.
I

- 31 DR. SHEWMON- All right.

4 MR. AYRES: This slide shows a comparison of the

5 data in the low copper program, predicted shif t versus the
i

i.

6i actual. And this is relative to Reg Guide 1.99 predictions ,
.

1

7; showing clearly the predictions are very conservative .
,

i

8 This curve shows the data compared to the Combustioni

I

9! design curve , Combustion predictions versus actual. Again,
i

10 ! except for the very high nickel weld material, we have a lot
1
i

11 of conservatism in the Combustion design curve.
!

12 DR. SHEWMON: The keeps of that' Reg Guide are likely '

h 13 to be the people in DOR.
.

.

14 MR. AYRES: Okay.
|

15 , DR. SHEWMON: Who do you have to convince if you are
i

16 going to get somebody to give up a conservatism?

17 | MR. AYRES : It %ould be DOR. It would be an Operat-

!

18 ; ing plann concern.
i

19 DR. WECHSI.E R : Where is that error pointing to wid
!

20 ] the high nickel welds? You don' t mean the line , do you?

21 MR. AYRES : That means this point and this point here
t
i

(- 22 (indicating) .
!

23 MR. ETHERINGTCN- Wh at is "high nicke1" ?

24 i MR. AYRES: "High nicke l" is, in this case, .78 per-
Ace Seceral R e:nr+ers, I nc.

25 !|!
cent. A definition of "high nickel" is .5 percent and above.

|

e

u .

I .-;.
1t

; ou>
>

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

i

1 A definition of " low nickel" is .2 percent or less.
'

i

2 And between that is anybody's guess.,

!

i I.

B oth me th ods , Reg Guide 1.99 and the CE design curve ,3,_s

~

l

4; you have more conservative predictions for the low nickel
i

I

5j weld materials th an for the plates , highlighting the need to

'6 separate weld from plate predictive technicues .i

7 Results of an earlier CE study demonstrated that

5, weld metal predictive techniques could be improved by f actoring
i

! in the full chemistry of the weld. And here comes the addition-9

i

10 ! al terms.

i

11 , ( S lide . )
|

! This, figure is a modified repr6sentation of the12

|

(, 13 original weld model of Combustion. The chemistry ratio, which

14 | is this term right here , is multiplied by copper content and
i

15 plotted against normalized and ET shif t.

16 ' Using 47 documented weld data pcints , a series of

17 , ccmmuterizatiens were developed for an optimum relationship,

is : and the final results sh ow a more ccmplicated relationship

19 that looks like this ,
a

20 (Slide.)
a

21 Again, this thing in the brackets is what we call
1

22 , the chemistry ratio.

!

23 ( S lide . )

( 24 Using this chemistry ratio, using all of the elements
AC9 Etterat R epc,Ters, Inc. $

25 , in the prediction, we show here a comparison of the predicted
e
-

li
1 ,s

i 1 t,

II i n %). 4

:\
o

. . . _ _ - . - - . _ . _ _ . . . _
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!
'

1 versus actual shifts. 80 percent of the predictions fall
-

! |
2| within 50 degrees Fihrenheit of the actual results. Mest of

!
i 19

-- 3; the points outside this band are for fluences, 3. 5 X 10 or
;

j
,

ai more, or are for experimental weld compositions .
i

!

5 Reg Guide 1.99 predictions are compared to weld
i

6' data in the next figure.
i

7; (Slide.)
!

8!. Despite the fact that the guide utilizes upper bound

:

9 curves, it is apparent that the degree of scatter is signifi-
|

10 i cantly high than in the previous slide.

:

11 ) DR. ZUDANS: What is the significance or these in
I .

12 the previous slide , predicting zero? Actual goes as high as

k) ! 50 degrees.13 ,

,

14 MR. AYRES : In this slide?*

!

15 DR. ZUDANS : Yes. On the zero line ,

16'i All of those triangles on the horizontal abscissa!

i

17 | line.

13 ]
SLR . AYRES : The significance of this (indicatinc) ?

1; DR. ZUDANS: Ri gh t .

20 l MR. AYRES: These are abviously ve ry lcw fluence

f

21 | data.

k_ 22 ! DR. ZUDANS: That is what thar is, low fluence data?

23 MR. AYRES : It has to be. Yes, because it is a ve ry

24 low actual --

Acea.cerei neoor. rs. inc. ]
25 [ DR. ZUDANS: It is not of any particular interest,

o

n ,

j ._.v

_ _ _ . _ _

__
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1 DR. SHEWMON: They aren't all low fluence. Mest of

!19
2' them have the order of 3 X 10 They are triangles .. ,

!

, 3 DR. ZUDANS: You go up to actual 50 degrees shif t, |
,

! l
4i and your prediction would be zero.

!
! MR. AYRES : Tnat's what that says.5

| i

'

6' DR. WECHS LER: But if you look at the previous

7i figure, Figure 6, you can see that all the samples with less |
;.

{ i'

a1 than 1/10th for this chemistry ratio would permit zero shift,

i
9- and these points that you are asking about apparently are of

r 5

10 | that type.
t

11 DR. ZUDANS: Yes. So you couldn't really make a
i

|
12 s t ateme,nt that .1 percent is clear s ailin*g ; right? 1

(3/
' "

13 DR. WECHSLER: They shif t up to 50 degrees .
-

14 , DR. ZUDANS: That's right.

15 ' DR. PENSE: 50 degrees is a small shift.

16 DR. CORTEN: Your dash line is up to 50 percent,
'

;7 plus or minus 50 degrees ?

18 i MR. AYRES : That is 50 degrees on the next cne.
1

19 DR. ZUDANS: You are saying there is nc unthinkable

20 situation where 50 degrees would be critical in design?
i

?

21 ) MR. AYRES : We are not saying that. What we are

d*

(_ 22 ; trying to do is find a correlation, and we are trying to
i

23 improve upcn the Reg Guide ,
h

!

1; d ow , what we have when we compare -- we talk aboct24,

!

Reporters, Inc.1
Au-e oeratv

25 the Reg Guide curve here -- we get a lot more scatter,
a

\ \*
iU'; ,

. _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ . _ _ _ . .
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.

|

DR. ZUDANS: But you don' t have the situation of !
- 1| !

,

2 !, prediction exceeding less than actual.
.

I
i

3' MR. AYRES: We still have a few points , but these_.
!

. ,

4; are for real high fluences .
:
'

5 MR. BENDER: Why is it important to improve on the

6 Reg Guide.

MR. AYRES: Why is it important?
7:

,

i ;

8 MR. BENDER: Yeah. |
'

9 MR. AYRES: Well, because if the Reg Guide is very <

l
10 - conservative, we would want to take advantage of more realistic ,

i

11 ! shifts.

1
- '

12 MR. BENDER: But if you didn't, what penalties would
1

.
.

. .() 13 | be incurred?

|

14 | There is an inference here that conservatism has
,

15 , always been thought to be good if you don't have to pay any-
i

s

16 [ thing for it. And so I would like to have a little better
1

17 - definition of what we are losing by accepting the present Re g
,

is Guide conservatism. I am not saying we should accept them, but

19 it seems to me we are either going to lose life in the vessel,
i

20 f, which could be of concern to you, or it could be that the re

i

21 is some inflexibility in the operation incurred by the Reg

a

22 : Guide . But what is your perception of it?
..

23 MR. AYRES: I think it is matter of operation. It

24 ., is flexibility of operation, startup and shutdown rates,,

Ace buceral Reporters, Inc. I
f

25': procedures. You have -- either you have with Reg Guide curves
9,

" " '/,
k 9

Udh ,

e

6

y
d

_ _ _ . _ . _ _ _ . . _ __. . . _
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1

i

1 or with very conservative shifts -- you create very small
,

_

2 operating windows near cnd of life.
#

'
I

_- 3, DR. SHEMON: You have to guarantee , as a vendor, that
!,

|'

4: the vessel <ill meet some 40-year life? ,

i
2

I
5 The reason I phrase it that way is it seems to me

;

6 the Westinghouse people were particularly happy with this
t

|

7| saturation effect because, as I recall, they said they were
! |

a having to buy vessels overseas to get the copper contents
!

t

9' down to what they wanted for guaranteeing a 40-year life on

10 i it. i

I
,

11 , MR. AYRES : I would not want to coment on a guaran-
;

12 tee , but we also buy vessel naterial over' seas.
> .

7

C 13 DR. SHEWMON : Because' *

|
*

14 | MR. AYRES: Because i: has the controlled element
i

15 ! chemistry that we feel is necessary for the best vessels we can
:
.

16 ] make .
!
1

17 ! CR. SHEWMON: Do you go east er west to get it, out
I

la of curicsity?

I MR. AYRES : We go eas : presently,
'

t

20 CR. SHEWMON : The Japanese make better steel than we

21 ; do in s ome regards . I was just curious to know whather it was
|

_

the Japanese or the Europeans .22

;

23 MR. AYRES: It is the Europeans,

24 DR. ::UDANS : East is Europeans. You see, the large s tc

Am%cai neoonm. inc. !,

25 [ departure in this correlation u ab out the same -- your
||

..):
,

\ .sp >- , >
d -

i

. - --.- .. .. . - -
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1:

I |
1 i correlation are the Reg Guide . In one case , you predict 100,

I
i i

2| actual 200.

|

.. 3 DR. SHEWMON: Interestingly enough , the bad ones --

!

,

s

4. they do a better j ob of predicting.
I

! :
'

5' Le t 's ge t on , ple ase .
!

!
6 MR. AYRES: Okay. Fine.

,

I |
'7j (Slide.)
'

|
,

31 Let me go very quickly. ,

i

9' So f ar I've talked about radiation effects on impact '

i

10 ; p rope rtie s , reactor vessel plates and welds . Much of current
i
i

11 ! concern is with welds for which initial upper shelf energy is
i

12 | below current requirements.
i,

Ll 13 We are in the process , as Mr. Moore also said, of
'

i
14 looking at flux-type welds. I am going to skip through this ,

i

15 trying to assess, for the dif ferent flux types, the ef fect on
!

16 upper shelf energy and what the causes of that effect might

17 be.

13 j As an example, rhere are two dif ferent fluxes, of,

1 ^' ~ - - - - -- -

cir:erent enem;.stry . There is a dir:erence in Cna:py, upper

20 l shelf energy .
,

1

21 i ( S lide . )
m

i . |

22 " To summari::e our radiation program, I would s ay
i

23 that currently available predictive techniques provide

,.

i i conservative estimates for RT energy shift. The radiation
ace.m...i neooners. inc.

25 behavior of both plates and welds is primarily dependent ena

1

'l i

, 1JG,
,

.i -
'

- -- -- . .
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!

1; residual copper content.
i

2 |n
The major alloy elements modify the effect ofj

- 3 copper on weld metal radiation response. Weld chemistry can

,

4i be tailored to optimize both initial toughness and radiation
i

I

5 resistance. Weld metal flux combinations were found to
|
i .

6 influence the initial upper shelf energy of the weld deposit .
.

7; by alterations in the chemistry of the material, particularly
;

3, in oxygen content, and by the number of ncnmetallic inclusions
i

'

9 produced and retained in the deposit.

10 ' The weld flux combinations were also found to

11 ' influence the irradiation response of the weld deposit by

12 alterations in the chemistry of the material.

( 13 |
But for new plants, current specifications for high

i

14 | initial shelf energy and for low residual copper content should

15 assure adequate resistance to neutron irradiation, making the

ad t29 16 ef fects of the flux type insignificant.

17 j

|

13 !

19
:

t

20 a
!
6

21 l
ii.

,
22 l

23 ,

!

24

Ac,Jecero A epor+ers, Inc. |

25 l
o
R

,
. , ,3 7

'
6 , t ; s, 4

i _
>

N
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1 I would like to move on to something that I knew i

!

2 something about, and that is our work on what we call research j

|, .

. 3I for the rationalization of nuclear cower clant pipe break '

k.'
4| criteria. i

!

! l
'5' (S lide . )

i

I ,
i

I

6' Nuclear power plants are designed to withstand
i .

I

7 hypothetical loadings which are intended to conservatively |
!

a' envelope all possible accident conditions. Usually these '

i

9 loadings become associated with some initiating event which is
,

i

! f

10 ' judged to be more severe than any realistic event.
1

11 ; A hypothetical primary system pipe break is one of

12 | these initiating events which forms the design basis for many ;

([) ' 13 systems and components of a PWR. The. present pipe break
,

14 criteria Are based on the most severe consequence of a hypo-

15 thetical pipe break, but do not consider realistic mechanisms
:

16 which might cause a possible loss of piping integrity.
4

17 h For example, consider the double-ended or guillotine
?

18 j pipe break. This type of hypothetical break evolved frcr the
c

19 ; design basis, because conservative loadings en the nuclear

20 , steam supply system result. The design of the pipe includes a

21 demonstration that no leadings, including safe shutdown earth-
..

22 :i quake, can cause a loss of integrity of an intact system.
I

1
!i

23 1 Perhaps, however, there is still concern that
,

i
24 undetected and crowinc cice break subject to severe leadings,

Ast. A er a: d ric.3,Inc.-

i25 ;j could lead to a pipe break. In previous presentations, we have
il
b i

i,
',i | ;Ou

.

._. _ _ _.___ . _ _ _ . _
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1, discussed the results of analysis of cracks in pipes subject to
i

_ j i

2 pressure only. Those results have indicated that circumferential,

i

3, cracks must exist more than halfway around the pipe before they
<

!s, I

4 can lead to rupture of the pipe. l

I

Similar analyses have now been performed for combined I
5| '|

t

6 pressure and seismic loadings to determine the likelihood of a '

I'

!
t

7| safe shutdcwn earthquake, causing pipe break. The analysis cf i

I

a| cracks in pipes subject to pressure -- the pipes were consideredf
:

9 to be free from constraint by other pipes or components, for
,

i

10 ! conservative evaluation. That means we just looked at a piece '

!

11 of pipe free in space and cut a hypothetical crack in it, and
t

12 ! watched it p,op open.
~

!
! l

- .

.d. ' 13 In order to consider the response to the seismic '
4

14 loading, a fairly complete structural model must be used. This '

15 ' gives you a feeling for the kind of model we are talking about, i

,

16 These slides show the Combustion System 80 nuclear steam

1171 supply system arrangement, illustrating a region which is
l

i

la | mcdeled fcr the analysis of a crack at the inlet no :le to
I

o

19 i pipe weld.
.

20 : The proper dynamic response of the pipe could only
a

1

21 be obtained when the model extended from the bottom of the!

!

l

22 L reactor vessel support columns to the end of the pump supports .
-

'

have scme more views of this, in talking about thea 1

i
a

24 J model.
u..> c.i aamnen. 'ac-

1
25 o (s1ide.)

n
. W',;

i
-

to-

,
i
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:

i

lI Here is another view like th a t .
1 i

| I.
'

2; (Slide.)
i
|

I3, And finally, in detail, we are talking about looking --
'

4 i DR. SHEWMON: What do these laser beams represent? !

I I.
'

5| MR. AYRES: These are the bloodlines of the System 80 '

'

t
1

i

6i reactor. This is a finite element model. This shows you from

i

7! whence it comes. And this is the detailed model in the region

i

8| where we are going to consider a crack.

?' We tried all kinds of ways to look at a small region
i

10 ! of seismic loadingc. There is no way we could make sense out of
1

Ilf, it until we got all s_he way out to where the seismic comes into
'

12 |
. i

i the system.

k, 13 , DR. CORTEN: Each red line is an element?
i

!

14 | MR. AYREE : Each red line is a series of elements.

|
15 These are beam-type elements. They're traditionally used in

i
,

i" 3 a seismic analysis . And in this region we have shell elements

l

17 || (Indicating) .
1

IS ! For this example, the crack was assumed to occur en
1

,

19 the outside of the bend, which would allow greater opening

20 , area due to the motion of the pipe. And in this slide we show
i

,l I what we mean.e

22 ;l (Slide.)
i

23 We exaggerate the opening of the crack. But if we

24 d look dcwn en the pipe -- and this is the nozzle right there
Ace r eral Reporters. Inc. !|

h,e

"j (Indicating) -- that is the crac.% that we would see.
h
,

-
- . 3

V,

_ _ _ _ _ _ _ _ . ._
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i

i I

I|
'

DR. ZUDANS: In this model you go all the way around
9

,

t i

2 the circumference? |
t

3 MR. AYRES: These are curved elements. |-

- s !
y

i-

4 DR. "UDANS: Curved elements, but all around the pipe.'

I'

5| MR. AYRES: They are all around the pipe. We are ;

I, I

6' looking down here. If we looked into the end, we would see the j

. i

7! whole ring. |
i

i I

8{ DR. SHEWMON: It is a longitudinal crack. ,

i

i

9! MR. AYRES: This is a circumferential crack. This {
|

10 , is the pipe elbew. The no le is here. And this is in the '

l
Il I weld. It is a through-the-wall crack and it is halfway around, i

i

12 ' and it is on the outside, outside of the bend. I
! ..

i i

[- 13 ! The seismic ground motion spectrum * applied to the ,

!

Id f model is shown in the next figure here.
! ,

15 | (Slide.)
l
i

16 , The resultant loading is conservative compared to the

l'' ] mos t severe leading for any System 80 plant. The accelerations
!

181 which are asscciated with this kind of a scectrum have
>

-

19 velocities in inches per second, and we have ground motions,

20 and that is in inches.

21 , (S lide . )

42 "| That is the way they ccme out of the conservative
-,

'

i-

23]loadingconditicn.
2# DR. SHEWMON: Is the da:nping of the structural,

i
Ace-s.,Jral RepcrTert, Inc,

25 . elements -- does that enter into this calculation? If they
d

k \
.

.s. ,
,

_

.

J
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'
1| were bigger, would that make any real difference?

|

2 MR. AY RES : Ke have a very slight amount of damping
(

3 in this model. It is a fraction of one percant. !

|
4 DR. SHEWMCN: You mean that is what you have put in?i

!

5 MR. AYRES: We have put in.

I

6, DR. SHEWMON: If it were 10 percent, would it help ,

;

7. you materially, instead of half a percent?
|

8 MR. AYRES: Yes.
.

I

9! DR. ZUDANS: Too short of a time for it.

10 ! MR. AYRES: More damping would retard the oscillation.

II DR. ZUDANS: The time history doesn' t extend to any

12 | significant length. You probably wouldn''t see the difference.
Iy 13 MR.'AYRES: Our objective -- actually, these

.

I4 accelerations in velocities and displacements are constructed

15 frca a program that was written by Kraftwerkunion in Germany i.

i

!16 ~

It is what we call an artificial earthquake, to compress the

17 3 significant events to very short t me, because we are going to
i

18 j de a time history analysis and we vant to take small tima
1

<

19| steps, so we see shcrt-term events. And we want to be able

20 , to afford to do it and do it within a reasonable amount of

,l, time. ''

1

(_; 22 0 DR. ZUDANS: But if you lower the frequencies cf
I

i

23 the system and taxe mucn loncer ceriods chan what you do in

24 , the histories, then ycu really don ' t see the worst points.
Ace Feuvral Reporters. Inc.

25 MR. AYRES : Well, yes. Our lcwest frequencies we
i
, -

9 l j

f
'

6 I d e
,

! I

'
n

-~w_- -wom.-- -- -ww- .. -- -- -
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I calculate are about 16 to 17 cycles per second, and we are
-

2 taking the loading out here with doing time history beyonc one

i

3 second.
^

.

l

4 DR. ZUDANS: All right.

5! MR. AYRES: The initial condition for our event of

I
6! consideration is the pipe sitting there statically, subject +.o

,
I

1

I

I

7! operating pressure. The pipe was considered to be uncracked
I
!

8| at the beginning of the vent, and a circumferential crack is
i

!

9 prescribed, presumed to initiate at a critical point during the

10 ' scismic event. We presume that the maximum strain during the
I

11 seismic event would occur shortly after the acceleration peak.

12 Or. this basis , the large time s'tep of a tenth of a

second was chosen for the early port ion o,f the dynamic analysis.f(,, 13

14 Direct integration of the dynamic equation was performed

15 according to Newmark data method and a small amount of damping

I16 was used.

17 ; Frcm the time history plct of the acceleration, which

IS t got buried in here screwhere, it is apparent that a peak
4

l '

19 1 does exist near one second. If the frequency of interest is
;
,

20 on the ordar of 16 to 17 cycles, as I mentioned before,

21 ' smaller time sets must be used to sort out the events that

(_, 22 ' are going on at this time. For chis reason, a smaller time
! :

23 ctep was introduced as we approached nine-tenths of a second,
.

>

24 j while the pipe remained uncracked.
.aa.r.i seporters, inc. j

2:. i (Slide.)
- i

1
,

' 1 "y ,,

| '

!
'

|
!
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1 This figure shows the response curve of velocity
~

2 time history at the midpoint of the discharge leg, that is,

I
3 halfway between the reactor vessel and the pump. We see here

,

t

4 we have taken very large time steps to get us up to near where

5 the peak is going to occur, and at this point we start using

6 smaller time steps, and we are picking up te events in that
i.

7' basic frequency at the pipe.

8 The one-half circumference crack at the inlet no: le

9I weld was placed in the model at .99 seconds. The dynamic

10 behavior of the pipe with the crack was stressed with small

11 time steps, to determine the maximum pipe opening. Local
i

12 ' plasticity effects were included.
~

'

13( The intensity values were calculated using displace--

14 ment methods at each time step. The analysis was continued for
!

i

15 : a sufficient number of time steps to determine the total extent '
! I

i

16 ; of crack opening and the maximum stress intensity at the crack '
!

17 p rip due to ccmbined pressure and seismic loadings.

13 For comparison of the seismic velocities, the p lo t
a

19 of the velocity time history at the base of the reactor vessel

20[ support column is shown in this figure here.
i

21 , (Slide.)

( . 22 i This is the velocity versus time again, at the
'

v

23 | reactor vessel supports. The analysis was carried out to a i

:

24 P total time of about 1.2 seconds, well past the peak in the
,

Aa- A sal Reponers, ine. '

25 velocity curve. Similar velocity-time history at the midpoint
!

'

,

Yb

: *
;
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1 of discharge leg is given in the next slide, and this is one |
'

~ ;
:

2 for the crack.
I ,I

i

I 13 (S lide . )
.

;
4 Here we see again the smooth -- taking large time !

5: steps to get up to the time of concern. We start with a small
i

I

6! time step at this point, and here we initiate the crack. Now

|,

7 there are some very interesting observations here. I don't know

8 ! if I can show them together. Let's try.

|
'

9i Can't do it. |

i i

10 (Pause.)
i

11 A noticeable dif ference in the velocity profile |
|

12 occurs at the point of the crack opening.' The change is

(,,, 13 apparent both in magnitude and frequency. In comparison with

14 the uncracked velocity-tim'e history, it indicates that the
>

,

15 ' peak velocity is reduced due to the incidence cf the crack. |

| .,

i

16 | This indicates the reduction in the kinetic energy of the pipe

17 ] resulting from a change in stif f ness . In effect, ener y in the
n
i18 q pipe is lost or released due to the crack cpening and the

1
i

19 j response of the pipe with the crack is substantially dif ferent
a

20 j due to the change in the s tif fness of the system.
i

21 ! The crack opening effects can be described in terms
r

l. 22 [ of stress intensity f actor --
..

0

23 f| DR. ZUDANS: Why do you say substantially dif ferent?'

24 MR. AYRES: I think it is a very different thing
sc. 6 , i aeoon m .inc.j

25 0 going on between these two things.
'

n|
s

i t a|
r

1
|

i
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1 DR. ZUDANS: You are talking about a 10 percent
,

2 change in velocity.'

3 MR. AYRES: This is remote frcm the crack. This is j
-

4 bouncing around here, and this is really quite dulled, which
i

1
5' shows there is a fairly significant change happened here, and

6 it is a change that says the crack has made things go away.
~

!
'

7 DR. ZUDANS: I have a question. I think I had the j
!
i

8; same question last time, a year ago. I'm sorry. I

i !

9| When you release the crack, what did you do with the |
t

! I

10 |
stresses that existed because the pipe was pressurized? Are j

i
Il those in any way considered as a step change at that point,

12 ! applied through the walls in opposite dirbctions to the |
l

l
-

i

(,j 13 previous state of stress? Or you simply separated the elements 'I

!

i
14 and still retained the surface pressures on the elements as

,

15 ; they were before?
|

16 ' MR. AYRES: We separated the elements.

17 DR. ZUDANS: You do that?
f

13 MR. AY RES : We just separate the elements.

19 DR. ZUDANS: And you do not apply anything on the

20 boundary?

21 MR. AYRES: We do not apply anithing on the boundary.

( 22 i DR. ZUDANS: And you retain the surfaces, the

||
23 9 pressures as they were before?

|

24 MR. AYRES : The surface pressures are the same as
neooners. inc. ?,u, #. . .

25 d they were before,
, i i

!
,

l
. _ . _ . - --
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1 DR. ZUDANS: So you actually are not doing -- well,
_

2 I have to phrase it carefully. You are not doing the real

3 thing.
-s

\

4 MR. AYRES: I think I'm doing the real thing, and I

5 think this is where we ended up last year.

I

6| DR. ZUDANS: What about your pressure when fou start
i

7 to merge? You separate the large stresses along that axis

8 that no longer existed.

!

9 MR. AYRES: If we looked at that, if we just had a
i
li

l

|10 ; bar and we secarated that, that bar -- those two parts that

11 ! were lef t would zip apart because of the stresses that were
I

'

12 in them.
|

(j 13 DR. ZUDANS: That is correct. ,

l
,

14 MR. AYRES: The same thing would happen here. The |
!
i

15 two surfaces are being pulled apart.

16 ' DR. ZUDANS: But your model doesn't show that.

'l
17 j MR. AYRES: Certainly.

1

IS ] DR. ZUDANS: And you i not answer my cuestion.
Q

19 ) MR. AYRES: Okay, try me again.

^2 : DR. ZUDANS: Initially, before you separate rhe
:
I

21 j crack element, you have internal pressure in the pipe.
!

1

22]1
MR. AYRES: Yes.(

d

1 DR. "UDANS: As it. exists under normal operation.
23 p!

!

24 '1 MR. AYRES: Yes.
%CT #evef 31 P eDorters, IrtC.

25 DR. ZUDANS: Which induced axial stresses,

.,

l
':
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1 circumferential stresses. And now you perform the cut and
s

t

you separated the stress. There is something on the surf ace2 '

3|
_

there to remove, to be consistent with the previous model. It

4| means that you had to apply residual stresses to cancel the
'

'

I
i

5! pressure stresses that would be generated in the system. You
|

6! have to have a stress surface, even if you left out --

7 MR. AYRES: I immediately have that stress-free

B surface developed in time, in my model.

9 DR. ZUDANS: You lose the instantaneous step load.

10 DR. SHEWMON: Answer if you have an answer. And
j

II after that I would like to make a comment.
I

I12 Our primary purpose here is to 'try to see how the I
i

"

(.) 13 work .you are icing interacts with the work that the regulatory

I4 people are dcing or should be doing. This is interesting, but

15 I am not sure it is germane to that. If you would bring it i
!

!

e-30 16 back or show me where it is -- ,

1

17ti
l

18 h
!

o

19 1
3
;l

20

21 '

\- 22 I
-

{

23 !
|I

i24 ,
ace 4.t. erat Reporters. Inc. I

25 ,l
i *

, ,

b
.

e *' , '; gai i.--

l '
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gsh 1 MR. AYRES2 I am almost done and I can do that.

.' 2 DR. ZUDANS: The objective of. this.. study, of this
1

3 work, was to show it is not realistic to assume complete

p 4 break.

5 DR. SHEWMON: I would agree with him but I am not

6 sure that that is the primary purpose --

7 DR. ZUDANS: I could not say that I disagree with

8 the ultimate objective.
~

9 DR. SHEWMON: Fine.

10 MR. AYRES: Okay. What we calculate also in our

11 model is stress intensity f actors as a f unction cf time af ter

12 the crack break.

13 And what we find here is that the stre.ss intensity

14 f actor, or the_ likellhood of crack extension is less in this

~T(_ 15 model with pressure and seismic than it is with the model

16 isolated from the system with just pressure, cecause the

17 s ys tem canno t respond. The crack cannot open.

IS We show also very small crack opening areas. The

19 crack opening,.the widest crack opening is on the order of

20 500ths of an inch due to the s af e shutdown earthcuake , plus

21 the pre ssure --

22 MR. SENDER: You are saying that the crack is small

23 enough so that there are no reactlon loads from the fluid

24 system due to leakage through tne crack.

( 25 MR. AYRES: We ll, reaction loads from the fluid

;i|.

,

_ __ - . _ . _ ____ _ _ _ . . _ . _ _ _ __



693.31.2 336

gsh I system I believe would tend to cause the crack.

N 2 MR. BENDER: Not if thef are leaking out of them.
J

3 MR. AYRES: If there is a thrust force --

~s 4 MR. BENDER: I don't understand what is happening.

5 DR. ZUDANS: It doesn't stay steady. It goes oack and

5 bounces back again.

7 MR. AYRES: It is a very small crack.

8 DR. SHEWMON: If it goes out to open up , then the

9 reactive force is to push it back, which closes it up again.

10 MR. BENDER: I t w t11 h e lp , b u t ---

Ji MR. AY RES: Baere is also --

12 MR. BENDER: I think if you look at the energ .

13 balance, you would have to conclude that it is not going :o

14 come all the way.

k/ 15 DR. CORTEN: What .is the value of K when you have
'

,

- 16 'us t internal pressure?

17 MR. AYRES: The static value comes out to be aoout

18 92. It is the seismic plus pressure outside the static value.

19 The value we would get in a dynamic ocening of a

20 crack of a small piece of pipe turns out to be acout twice

21 that oecause the pipe can really respond to such a very short

22 cime event, where this thing is connec ted to cumps and

23 reactor vessels and long pipes. It just can't move out of the

24 way.

! 25 MR. BENDER: How are you dealing with the energy
_

u,
,

- - . _ _ ~ _ _ . _ _ _ _
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gsh 1 absorption by the pipe just due to its fluctuation? Is that

^ 2 being treated as a damping eff ect because you're obviously,

3 if it i s doing what you are saying it is doing, it is way

^ 4 beyond its yield point in some places.

5 MR. AYRES: Oh,. no. No, it's not. Only at the very

6 tip of the crack. Only a very small region near the tip of

7 the crack is beyond yield.

8 DR. CORTEN We are having trouble with your model.

9 You are raising a blg .questlon. Shouldn't we 1ook at something

to more realistic than double-ended pipe break? I think that

11 we would agree with you completely.

12 MR. AYRES: From this work, we believe that it can

13 he corcluded that circumferential cracks must be larger than

14 halfway around the circumference before the effects of pressure

ki 15 and safe shutdown earthquake would cause rapid crack
,

16 extension.

17 Pre-service and in-service inspections assure that

IS large flaws do not exist la the primary piping weld regions.

19 It is clear that a circumference flew could not e x is t , and

20 therefore, an SSE c anno t ca use a guillotine-type break at tne

21 nozzle to pipe weld.

22 Further work is continuing to demonstrate chat

23 seismic loading cannot cause a guillotine in the middle o f the

24 pipe. That is halfway between the pump and reactor ve ssel,

( 25 where you don't have so much restraint from the components.
.

'

.

k -

'
! u,

_ ___ _. . _ . - . . _ _ _ _ _ _ .m_ _ _ _ .
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gsh 1 While the short-term results of this e ffort may be

hte elimination of the requirement to combine seismic and2
i

3 pipe rupture loads, our ultimate goal is to eliminate the

s 4 need to consider the guillotine pipe break.

5 This can lead to improved piping system designs by

6 eliminating or reducing the number of snubbers pipe restraints

7 and improving access for in-service inspections.

8 We shall continue to work toward the goal of

7 developing pipe break criteria as a result of safer and more

10 reliable primary piping systems. This is the way we are going

.11 and this is what we think is our interaction with the Reg

12 Guides already in process.

13 DR. SHEWMON: You have heard.the story about the guy

14 that bought the mule that had to be treated with tender loving

(_ 15 care. You whispered in his ear. And finally, the neighbor

16 came to show him how that really worked. He t ook a 2 by 4

17 and whacked him first and then he whispered in the mule's ear.

IS The main thing, I gue ss, with that a bb re via t e d

19 story is dc you.think you heve a 2 by 4 that would help you

20 get Noonan's a ttent ion, or the NRC to give up the conservatism,

21 something which they do, are very loathe to do?

22 MR . AY RES : We think it is worth it to keep trying.

23 JR. ZUDANS: If I may comment briefly, let's not

24 'd is c u ss the mcdel any more because it is boring. But my

(, 25 comment is oriefly, I think it would be easier to go in steps.

. . .

'g .5-
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gsh 1 First of. all, it wouldn't be too difficult to

2 convince them because physical constraints -- presently in'

3 the system, there is no instantaneous opening. That is one
'N 4 thing. It would be more difficult to convince them to

5 eliminate this kind of hypothetlcal accldent because this is

6 a lot larger in concept than just the capability to prove
'

7 whether or not it may happen.

8 And your analysis, I would say there is no exception

9 on my part f or the model tha.t you choose. The result is

10 constraint f or other camponents. But without thermal

.! ! hydraulics' interaction with the str.ucture, it cannot really

12 orove the po int.

13 MR. AYRES: I think that the amount of
.

14 deoressurization of cracks of this size is very ins ign if icant .

15 There is not a depressurization. We have assumed it k eepss.

16 the re at f ull pressure. This is a conservatism.

17 DR. ZUDANS: You would have a periodic load due to

13 reduction in release of the~ flow tnrough the crac'm as it

19 opens and closes because of dynamic respor.se, not static.

20 It wouldn't take the hydraulic reection and keep it chere.

21 : would come back.

22 MR. AYRES: The crack opening area nat we calculate

23 here is about two square inches.

24 DR. ZUDANS: Not mucn.
'

25 DR. CORTEN: What difference would this make, the

.?

\

',
'

\ L- ~
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gsh I differences in the deslgn situation?

(^ 2 How significan.t would these differences be?

3 MR. AYRES: We have a man with the response.

4 MR. NATAN: It will just take me a couple of minutes.

5 I just want to point out what it is that we do today and what

6 are so e of the. things that we do -- look like. Not oecausen

7 we want to . But this is the requirements, where they lead us.

3 First, the requirement to postulate pipe breaks,

9 which has been relaxed significantly lately. It used to be

10 breaks everywhere and now it is a limited number of breaks.

Ji Ho we ve r, as part of the limited number of breaks,

12 we have gui.110 tines at at least several sections. Here at

13 this no zzle , at the pump section nozzle, the steam generator
,

14 nor:le, and the break in between, which causes -- in order

/ 15 to minimize flow out of the break, being a full guillotine,
16 we have to stop the pipe somehow.

17 It used to be that we designed pipe whip restraints

13 to prevent the broken pipe f rom damaging other pie ces of

19 equipnent. Now we design cipe whip restraints to minimize

23 flow area.

21 So that, number one, you don't build up excessive

22 subcompartment pressures in tne reactor cavity, the steam

23 generator ca vity. And number two, you don't build up

24 excessive internal symmetric loads inside the re acter ve ssel.

20 ine purpose of the pipe with restraint is to stop_.

:
J

L.

.
'
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gsh I the pipe and limit the flow area.

(N 2 (Slide.)

3 One of the first things that we looked at is

' 4 suppose we just put a flat plate on the end of the pipe and

5 we put it very close to the pipe, like a half Inch away. We

6 said that will stop the pipe. And sure enough, if you

7 consider only the stiffness of the p.ipe with restraint, which

8 you can make as sti ff as you want, you can do that very

9 easily.

10 Ho we ve r , you are trying to grab the pipe at the

J1 bottom or on the side. And lt has relatively little strength

12 in that area. And if you include the flexibility of the pipe,

13 you will find that, yes, you have stopped the end of. the pipe.

14 It isn't moving, but the center line is.

k' 15 And that opens up the flow area on the other side

16 of the pipe, which is what you are trying to stop.

17 Well, you would think that you have this kind of

18 stiffne ss available. You really only have that kind of

19 sti f f ne ss. And we did our analysis by applying the load to

20 this L .d of model, acplying it to a region up at the top and

21 finding out what happens.

22 (Slide.)

23 We considered both a saddle and a slet plate. This

24 is the comparison. If you grab a pipe where it has some

25 strength at the side, yo u g e t this kind of a load deflections,

,

t

\lb:-
,

- . - . . . -
- .
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gsh I curve. If you put a flat plate under the pipe, you are just

2 going to collapse the pipe. You are not going to stop it.(~s
3 So, okay --

m 4 (Slide.)
(

5 What kinds of things do we do, then? We put

6 saddles on the pipes.

7 (Slide,)

8 We i t close fitting, closely machined sachles,

9 very small gaps, perhaps a half inch, pre in-s.ervice inspect

10 during system heat up and make sure that the gap is maintained

11 between this saddle and that pipe.

12 This picture doesn't do it justice. We are talkina

13 about something that weighs a couple of tons.

14 Now field directions being what they are, some days

(s 15 somebody 'is going to put one too close and he's going to limit
,

16 the thermal expansion. That worries me a lot more than having

17 the guillotine break. I think limiting thermal expansion by

13 not allowing this thing to move where it wants to move is far

19 worse then, in the probability sense, if you are going to

20 limit it, then the postulation of a pipe break.

2i DR. CORTEN: Far worse? In wnat sense?

22 MR. NATAN: If you are going to limit the exoansion,

23 you are going to cause a failure some whe re . Maybe a rupture to

24 pressure bender. It may ce a f ailure to a support. It may

25
_

de something else. You are going to fail something. You are

C

.'[. IO
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gsh 1 not going to stop the system.

(~' 2 This is a system with 30 and 42 inch pipe, three and

3 four inches thick, massive supports that are there for

' 4 these breaks.

5 We are not going to stop the system. You are going

6 to break something. You can cave in the pipe. You will do

7 somethlng.

8 DR. ZUDANS: That is for sure.

9 MR. NATAN: The other thing is -- I don't want to

10 talk about money, design effort, or anything else.

.11 One of the problems with this kind of a system is

12 in-service inspection. It is very easy in the steam

13 generator compartment, very easy saylng you pull up a crane,

14 you pull one of these out, you inspect the weld and everything

(_/ 15 is okay.
.

16 In the reactor cavity, you are not going to send

17 anybody in there to do that kind of inspection. The

13 radiatlon le vels are too high. So what do we do?

19 (Slide.)

23 de weld a lug to the pipe. Now this is a lot cleaner

21 interface than having a saddle. It accomplishes the same

22 thing as the saddle does. Ic puts the load into the pipe

23 where the pipe is the strongest rather than here. It gives a

24 nice clean interface, very well controlled.

25 But we have added a weld to the pre ssure boundary.

_.

d

. i-
,
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gsh ! That is what we lose.

(' 2 We have added a significant amount of metal. We

3 have increased the stress field around the plpe, done something

^ 4 which we would not normally do if somebody told you you would
1

5 like to do this.

6 For operatlon, you would say that you are crazy, you

7 don't want to do that. What is the purpose of this lug?

8 What does it do?

9 I must say we don't use these for seismic restraints

10 They are not used. The gaps are kept large enough, at

.11 least on paper, verify that during the seismic events, this

12 p ie c e do e s n' t touch that piece.

13 What.is done in the field, what kind o; reliability

14 you can have in the field when these things are ins ta lle d,

k' 15 that is another ma_tter.

16 MR. SENDER: You are saying they are nc : used for

17 seismic restraints. They are used primarily to. restrain the

18 pipe against the double ended break.

19 VR. NATAN: That is to restrain this pipe from

20 breaking it, the nozzle, for the full double ended break.

21 I wouldn't need tnat piece if the brea;< didn't

22 run all the way tnrougn.

23 MR. BENDER: We understand your point rell enough.

24 MR. NATAN: Thank you.

f

25 MR. BENDER: Thanks very much.'
. _ ,

>''.i
|

;d
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gsh i DR. ZUDANS: You have the concrete carrier serving

(~ 2 the same purpose.

3 MR. NATAN: If you hit the pipe with a concrete

' 4 gravity, you are going to collapse it. You will collapse the

5 pipe.

6 MR. BENDER: The hour is getting late, and I think

*

7 Dr. Shewmon mentioned once that there is a lot of room in the

8 hall for discussions.

9 I would like to ask our consultants if they have

ID anY immediate things that they would like to bring up on

11 this subject?

12 DR. BERRY: Nothing at this time.

13 UR. CORTEN: No. We are going to be here tomorrow?
.

14 MR. BENDER: Right.

(f 15 DR. PENSE: Nothing here.,

16 DR. MOTEFF: Nothing.

17 DR. ZUDANS: I h5ve said too much already.

IS MR. PENSE: We are going to talk about this tomorrow.

10 MR. BENDER: Dr. Shewmon suggested if you could :ake

20 the time to write down a few thoughts that could be discussed

21 tomorrow or not as you see fit, it would oe helpful. He plans

22 to allow some time tomorrow to try to get r e a c t i on s. And

23 even to the extent of turning o ff questions from people.

24 I think he plans to have some k f nd of summation of
,

.

25 the reactions to the program of NRC's research activities,

><,
,

J
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gsh I and ha ce f ull y, you will be able to contribute to it in any

(~ 2 way that you.think is constructive.

3 If there are no other points, this meeting is

4 adjourned until the starting time tomorrow morning.^

(
5 (Whereupon, at 7:08 p.m., the hearing adjourned,

6 to reconvene at 8:30 a.m., Wednesday, July 11, 1979.)

7
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FUNCTION OF FLUX TYPE
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GLGn ear s - % / *) z ja)

L itJon iM Linos co9t

51 0.42 - 0.15 0.04
'

.

S , 0.012 0.009 0.013

P 0.011 0.006 0.007
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( I.fn 1.43 1.3? 1.98-'w .

.

C 0.094- "-0.16 0.16
,

.

Cr 0.04 ---- ----

Hi 0.03 ---- ----
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.,
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. .
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QUALIFICATION OF ALTERNATE ALLOY
FOR BWR WELDED PIPING

PROGRAM OBJECTIVE
-

i

SELECT, QUALIFY, AND IMPLEMENT INTO BWR-

SERVICE ALTERNATE ALLOYS FOR TYPE-304

STAINLESS STEEL WHICH WILL NOT EXPERIENCE

INTERGRANULAR STRESS CORROSION CRACKING

WITHIN THE PLANT DESIGN LIFETIME.

-

,w'"
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METHOD OF ACCOMPLISHMENT:

1. SCREENING STUDIES AND SELECTION.

- CHOOSE CANDIDATE ALTERNATE ALLOYS AND PERFORM SCREENING STUDIES.
- SELECT ALTERNATE ALLOYS FOR QUALIFICATION USING

DECISION MODEL.

'

2. QU ALIFICATION.

b - PERFORM STRINGENT TESTS TO DEFINE IGSCC MARGIN OF SELECTED
~

ALTERNATE ALLOYS.
- PERFORM IN-DEPTH PHYSICAL AND METALLURGICAL CHARACTERIZATION OF

ALTERNATE ALLOY PIPING OF VARIOUS SIZES AND MANUFACTURING
METHODS.

3. IMPLEMENTATION INTO BWR SERVICE.

- PROVIDE NUCLEAR GRADE MATERIAL SPECIFICATIONS.
- QU AllFY M ATERI AL SUPPLIERS.
- ASSURE CODE AND REGULATORY ACCEPTANCE.

':
h ,a -.'.

,
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CANDIDATE ALTERNATE ALLOYS

304L/ NUCLEAR GRADE

316
.

316L/ NUCLEAR GRADE

L 347
t

C F-3

*

XM-19

_

w

%h

// -
' 9

- - - - -__ . - _ ___ __ ____ . _ _
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SCREENING STUDIES

* PIPE TESTING .

o FATIGUE INITI ATION TESTING

e STATIC CRACK GROWTH

e CYCLIC CR ACK GROWTH

e CONSTANT EXTENSION RATE

--

%$
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FINAL PIPE TEST RESULTS - SCREENING

PlPES MAXIMUM FACTOR

PIPES FAILED BY HOURS OFIGSCC

ALLOY TESTED IGSCC ACCUMULATED IMPROVEMENT

REFERENCE TYPE 304 19 14 7800* 1

REFERENCE TYPE 316L/
NUCLEAR GRADE 11 0** 8500 >20

'

REFERENCE TYPE 304L/
NUCLEAR GRADE 9 0 - 7800 >20

C REFERENCE TYPE 347 8 0*** 6900 >20

REFERENCE TYPE 316 3 0 T900 >20

REFERENCE TYPE CF-3 8 0 7400 >20

*MEAN TIME TO FAILURE FOR REFERENCE TYPE 304 WITH 0.05 TO 0.08%
CARBON = 239 HOURS.

**TV/O PtPES F AILED BY TRANSGRANULAR MODE WIT H MINOR AMOUNT OF
INTERGRANULAR FEATURES.

***ONE PIPE FAILED BY TRANSGRANULAR MODE WITH MINOR AMOUNT OF
INTERGRANULAR FEATURES.

-

O

%/ /
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FA.TIGUE INITI ATION TESTING
.
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WELD HAZ 6

TIME

# SMOOTH (3/4%.1 1/4% STR AIN)

e INTERGR ANULAR ATT ACK. Col D WORKED AND WELDED

9 ALL SAMPLES HAVE 932 F/24 he LOW TEMPER ATURE SENSITIZATION AFTER WELDING0

.

ALLOY COMPOSITION R ANGE NO CF HEATS

316 0.06% C 1

316 IL 0.020 0.030%C 2

304 (L 0 018 0.027% 0 2

347 0.023 0.038%C 2

x M-19 0.05 % 0 1

CF 3 10% 3 TO 25% 3 2

REF ERENOE 304 COM*LETE IN PREVIOUS
PRCGR AM

SAMPLES CN TEST JUNE 1978

i

-
{ \ 'u Ii <

/55
. .. . _ . . .- _.



. .

(egn ) ''' *s . 3 . IE/ L ) = 'S 3 Coll 7dWV S$3tf151N31vAinO3

t *o o
- ~ e^

, i I6i 1 i 6 i i l8 Ii8 8 -

._

l _" -

zol v ? -

G f a
o" 5 E R -

~Z -

8 "z.- C Zc
i
2 0 ': W 9 _

G ;o O "w*| * u
i : < v oU

$
G, , o : -hb

~U e > c
M w C C *w

Ua ~= v w <
@

w w o- -z N * 2 O J z
O A2 - w 93 5v

- e$D := 0
- e

2- gC
C C C

m - a .
- a C 2 3,

E C 5W $3 f.
'

- -- - sg - .*m 7 : w o O ( lI* y
$ <3 C> $_< 4 4 4 D 2

e

1 -
,,

>9|
E-
E-
u_
wy a

C;- ea / 2 s>>>' .

i- i

| &A 5 =
- -

~

t Y .1- CB- "
.

w m -
> z U

=0 ' *
= .'~~

O vw = 2 -

5 ~

=5 T 5 -< ~ w*w f | " $3[2 i G $ $- "a= .-
I- --w -

$ &vm -,e~.
q= -~

-

-

33 |-<
E: E

_<r s
:
m

s JO.pn -

% f || ~ Yf O M~

f e t e f r~Ef og MVQi io
4h vo

00h=$3?f
'

-

4*/ .u
~ &z

/Em-
-

W
|l

. a. (.l f I '! I I | 3 T
'I i ! I i ! ! '

\ ,u. [,
c , e_ >

g g : . . ,

ps u ''* *a . 3 . t:! L) . 'S 3Onit*1dWy SS 3 t:151N 31v a'"iC.*

.'-

_ . _ . _ . _ _ -



.

m

SELECTION OF ALTERNATE ALLOYS FOR QUALIFICATION

TYPE-316 %JCLEAR GRADE

TYPE-304 NUCLEAR GR ADE
.

CARBON <0.020%

(, NITROGEN * 0.06 - 0.16%

* NITROGEN CURRENTLY RESTRICTED TO <0.10% BY ASME SA-240.

-

%-

b
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SUMMARY

ALL CANDIDATE ALTERNATE ALLOYS EVALUATED (EXCEPT HIGH CARBON*

TYPE-316) WOULD BE MORE THAN ADEQUATE REPLACEMENTS FOR TYPE-304
STAINLESS STEEL, BASED SOLEY ON IGSCC RESISTANCE.

CONSIDERING ADVANTAGES AND DISADVANTAGES OF EACH CANDIDATE# *

ALLOY, AS DEFINED AND WEIGHTED BY THE DECISION ANALYSIS, TYPE-316

NUCLEAR GRADE WAS SELECTED AS THE BEST BALANCED CHOICE TO

REPLACE TYPE-304 IN THE BWR.

_
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COUNTERMEASURES FOR 304 SS

PROGRAM STATUS AS OF 6/79'
'

WELDS FAILED / FACTOR OF

MATERIALS CONDITI0f! NO, HEATS WELDS TESTED IMPROVEMENT *

R FERENCE TYPE 304 SS 3 23/53 1
E

(ALL HEATS)

CORROSION RESISTANT 3 0/33 ~65

CLAD PLuS SotuTIoN .

*

HEAT IREATMENT
k- (SHOP REMEDY) ,

.

corrosion RESISTANT 2 0/22 ~6

CLAD AS DEPOSFTED

(FIELD REMEDY)

REFERENCE IYPE 304 SS 1 4/11 1

SENSITIZED . MATERIAL

corrosion RESISTANT 1 4/13 s6
~

CLAD DEPOSITED ON
''

SENSITIZED MATERIAL

*IO DATE
\'\ ii

' ,

.- _. - - - - ._ -
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COUNTERMEASURES FOR 304 SS

PROGRAM STATUS AS OF 6/79
-

c

WELDS FAILED / FACTOR OF'

MATERIALS CONDIT10H NO. HEATS RELDS TESTED IMPROVEMENT *

REFERENCE TYPE 304 SS 3 23/53 1

(ALL HEATS)

SOLUTION HEAT 3 0/33 s 65

TREATMENT

.

15
'

HEAT SINK 1 2/24 s
,

(.
WELDING

*IO DATE
,

e RECOMMENDED COUNTERMEASURES ARE EFFECTIVE|

8 GENERIC RECIRCULATION PIPING RECOMMENDATION !
MADE TO ALL BWR PROJECTS j

-

4
f
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_ _ _ _ __



( )(

.

EQUATION USED FOR FACTOR OF
IMPROVEMENT CALCULATIONS

| LOG TEST TIME = F + G + o -O + U(1/n + r)1/2 ~
~

i WilERE: F = MEAN LOG TIME TO FAILU!tE OF REFERENCE WELDS

G = LOG OF DESIRED IMPROVEMENT FACTOR
|

o = STANDARD DEVIATION OF LOG TIMES TO FAILURE OF
REFERENCE WELDS

i

O = FACTOR ON o FOR EXPECTED LOCATION OF FIRST ORDER
i STATISTIC (O = 1.5864 FOR n OF 11)

U = NORMAL DISTRIBUTION COEFFICIENT FOR 90% ONE-
SIDED LIMIT (U = 1.282)

n = NUMBER OF TEST WELDS PER CONCEPT (n = 11)
2

| r = FACTOR ON o FOR VARIANCE OF FIRST ORDER
! STATISTIC (r = 0.3332) FOR n = 11)

o

( -- J

N

,' .

'
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INDUCTION HEATING (RSI) PROCESS,

.

,

INDUCTION C0ll

T\PIPE T
i ( \/

T T
FLOWING COOLING WATER $

HEAT GUTSIDE DIAMETER TO

INDUCTION POWER / 500-550 C
"0N" / N

T # T\

z ( \/ (

T \
\100*C MAX ON INSIDE DIAMETER

(, .

DUTER MATERIAL YlELDS

INDUCTION POWER / IN COMPRESSION
/"0N"

'- - - - - -\ /- - - - - - 'Y '3

T 's \ N 'Q Ts

\ lNNER MATERIALYlELDS IN TENSION

INDUCTION POWER
"0FF"

4 d !------V -----Ns I
T' ' > '

'

T N - >
.

AFTER COOLDOWN
COMPRESSIVE RESIDUAL STRESS ON INSIDE,

TENSILE RESIDUAL STRESS ON OUTSIDE.
*

T1
.,

a'

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

TASK 1 Process Development
and Optimization

'

!

TASK 2 Evaluation of IGSCC
;
!

Margin improvement
i

Program Summary
TASK 3 Evaluation of Operating

Plant Application

TASK 4 Implementation Planning
|

' and Field Procedure
Development

.

s
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QUARTERS

MIL STONE SCHEDULE F
'|70

' '' " J
isi 2na I a,a 4in isi 2no -

Task 1. Strees improvement Process -

Development
t induction Heating Tests MM MW hM

Analysis (Dattelle-Columbus) 7/////d F//f/d f/f//M ,F//////gW9///jff
,

i
i Task 2. Qualification of IGSCC Margin

improvement -

Residual Stresses hM hM h3 hM hM '4\%1
Metallography, Sensitization, Mech Prop Tests f////4 f////// f////{ $#////f 7////J F////rffs

Pipe Tests E!EEE LEG 23E 133EE2|l, ,ll2EEE 2333E 3229]E fj[2]
-

'

Task 3. Evaluation of Operating Plant
Application

Pre-Cracked Pipe Tests hM h3 hM h%9 A%\1'

Residual Stresses Measurements 7////J '$7f

Analytical Modeling (Battelle-Columbus) @MB {$$35 3$$$$] ggggy

Task 4. Implementation Planning and
Fleid Procedure Development

,

' Field Application Review R3 hM g
Field Procedure Development 7///f/A F////fJ Vfff/g 7/fffg

.

7 Specifications Eggg- gggg)
c

.
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BASIS FOR SELECTION OF TEMPERATURE
r DIFFERENTIAL BETWEEN OUTER AND

INNER PIPE SURFACES (AT)

PREMISE: THE THERMAL STRESS MUST EXCEED-YlELD STRESS

THERMAL STRESS (a) - LINEAR GRADIENT

E a AT E - YOUNGS MODULUS -

y_

2 (1_ v) a - THERMAL EXPANSION COEFFICIENT
l' u - POISSONS R ATIO ,

AT.- TEMPERATURE DIFFERENCE

_ _ _ _ _ _

THERMAL |
STRESS

'

gi
#

| |

(+) $| |

!! !
RESIDUAL 0

STRESS E STRAIN-

A >
'(-)

.-

4 $ k

/,5
' * N- w.g+- e,ww .-m ,

'
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OPTIMlZATION TEST RESULTS"

SELECTED RSI PARAMETERS
, _.

(

PIPE SIZE AND SCHEDULE

4 in. PIPE 10 in. PIPE 16 in. PIPE 26 in. PIPE

AT 400*C 50* 400*C 50* 400*C 50 400 C 50*

MAX o.d. TEMP 500*C 500 C 500*C 500*C
0

AXI AL TEMP 5 in. 4 in. 6 in. 10 in.

LENGTH

TIME TO < 13 see < 40 see < 8 0 see < 200 see

REACH TEMP
.

INDUCT 3 kHz 3 kHz 3 kHz 3 kHz
' -

FREQUENCY

COIL DESIGN * SINGLE SINGLE SINGLE SINGLE
TURN TURN TURN TURN

i.d. WATER FLOW 1/2 m/s 1/2 m/s 1/2 m/s 1/2 m/s

COIL AXIAL 4 in. 6 in. 10 in. 14 in.

LENGTH

HEATING POWER 120 kW 250 kW 370 kW 390 kW

PRE-HEAT < 200*C < 200 C < 200*C < 200*C

MAX TEMP

ALTHOUGH SINGLE TURN COILS ARE SPECIFIED FOR UNIFORMITY IN TEST*

SPECIMEN TREATMENT,THERE IS NO RESTRICTION IN THE USE OF MULTI-
~

TURN COILS IN PRACTICE
._.

d'
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PIPE TESTING;

e SIMULATE SERVICE EXPOSURE
.

e ESTABLISH TIME TO FIRST FAILURE FOR TREATED
AND REFERENCE PIPES ,

:

' * ESTABLISH MARGIN OF IMPROVEMENT

.

'

| i

.
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.
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-
.
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FABRICATION VARIABLES

| |

'

e LOW TEMPERATURE SENSITIZATION
|

e INSIDE DIAMETER GRINDING'

.

o RESIDUAL STRESS IMPROVEMENT TREATMENT

. .

..

,
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PROGRESS

PIPE TdSTING, REFERENCE SPECIMEN

* TEST CONDITIONS:

STRESS,136% OF 288 C Y.S.
OXYGEN,8 PPM.
TEMPERATURE,288 C.

' CYCLIC R ATE,0.67 CPH.

FIRST REFERENCE FAILURE (THROUGHWALL CRACK) AFTER 456- *

CYCLES AT JOINT E.

VISUAL AND U.T. EXAMINATION PERFORMED: ALL JOINTS EXCEPT HSW
SHOWED SOME DEGREE OF CRACKING.

C
SPECIMEN REPAIRED AND TESTING RESUMED. SECOND FAILURE*

(THROUGHWALL CRACK)14 CYCLES AFTER TEST RESUMPTION (470
CYCLES TOTAL).

TESTING OF REFERENCE DISCONTINUED AFTER SECOND FAILURE.*

FR ACTURE MODE ON BOTH JOINTS, IGSCC.*

_

4

/9d
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PROGRESS

PIPE TESTING, INDUCTION-TREATED SPECIMEN

* FIVE OUT OF SIX JOINTS HAVE ACCUMULATED OVER 2800 CYCLES (>6X
REFERENCE).

* ONE FAILURE (THROUGHWALL CRACKING) AFTER 463 CYCLES AT JOINT B.

( * NDE EXAMINATION INDICATED NO CRACKING EXCEPT FOR JOINT B.

* FRACTURE MODE ON JOINT B,IGSCC. *

* SPECIMEN REPAIRED AND RETURNED TO TEST. NO ADDITIONAL
FAILURES TO DATE.

6

_

v
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PARAMETRIC STUDIES ON IGSCC OF
'

TYPE-304 STAINLESS STEEL PIPE WELDS

PURPOSE: TO DETERMINE THE EFFECT OF PIPE TEST
PARAMETERS AND WELDING RESIDUAL STRESSES
ON PIPE TEST RESULTS.

METHOD: PIPE TESTS WILL BE CONDUCTED WITH VARI ATIONS
OF TEST PARAMETERS AND RESIDUAL STRESSES.
RESULTS WILL BE COMPARED TO REFERENCE
SPECIMENS TESTED UNDER THE ACCELERATED
CONDITIONS NORMALLY SPECIFIED FOR PIPE TESTING.(

TASK ORGANIZATION

T ASK 1 EFFECT OF APPLIED STRESS, OXYGEN CONCENTRATION,
CYCLIC RATE AND TEMPERATURE ON PIPE TEST RESULTS.

TASK 2 EFFECT OF WELDING RESIDUAL STRESSES ON PIPE TEST
RESULTS.

-

.

-- . . _ _
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TEST SPECIMEN DESCRIPTION

TASK 1 * TEN PIPE SPECIMENS FOR TESTING IN A THREE. YEAR PERIOD.
* EACH STAINLESS STEEL PIPE WILL HAVE TEN WELD JOINTS.
* ALL JOINTS WILL BE GROUND.
* ALL PIPES FROM ONE SUSCEPTIBLE HEAT OF MATERIAL.

TASK 2 * ONE PIPE SPECIMEN WITH SIX WELDS FOR TESTING IN 1979.-

(> * ONE WELDED SPECIMEN FOR RESIDUAL STRESS
,

M E ASU R EM ENTS.
* BOTH SPECIMEN FROM SAME HEAT OF MATERIAL AS TASK 1.
* NO GRINDING OR LTS WILL BE PERFORMED.
* TESTS ON ONE REFERENCE AND ONE INDUCTION-TREATED

PIPE WERE INITIATED IN 1978.

_

.
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PROGRAM:
,

IHE GROWTH AND S TABILITY OF S TRESS CORROSION CRACKS

IN LARGE-DIAMETER BWR PIPING - RP 1554-1

,

SPECIFIC DEJECTIVES:

1. DEVELOP A QUANTITATIVE UNDERSTANDING OF THE SAFETY MARGIN

ASSOCIATED WITH PIPES CONTAINING CRACKS UNDER

STATIC AND DYNAMIC LOADS.
-

2. DEVELOP A DETAILED QUANTITATIVE UNDERSTANDING-
,

OF FACTORS CONTROLLING THE RATE OF IGSCC IN LARGE-

DI AMETER 304 STAINLESS S TEEL PIPING.

3. DEVELOP AN OVERALL PREDICTIVE MODEL FOR THE

GROWTH AND STA3ILITY OF CRACKS IN LARGE-DIAMETER

E'r.P. P I P I NG .

._

%.=

P*
$
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TASK 2: CRACK GROFEH/ ARREST EVALUATION

S UEEE K3 :

1. FRACTURE MECHANICS MODELING

2. EVALUATION OF CRACK ARREST Dus TO RESIDUAL STRESSES

3. INVESTIGATION OF CRACK ARREST IN fELD METAL

4. EVALUATION OF CRACK GR0wTH RATES EXFECTED FOR

S ERVICE CONDITIONS ,

(s 5. CONFIRMATORY PIPE IESTS
.

w

|
.

i v.,

D
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ALLOY 600 STUDIES TEST PROGRAM

SPECIMEN METALLURGY TEST CONDITIONSt

,

|
ALLOY 000 BASE (WITll ALLOY 82-GTAW no GENEPAL WATER 081STRY:.

,

ALLOY 182-(SIMO Ato ALLOY 82 Are 182 288 C (550 F), 6 een 0 , 5.5 PH, 1 i+1io/cn
2

WELDMETAL cofo., CL <.1 Pen
|

AW Ctt1STANILDAD (2) GUICED

AW+PWV11I (2)NON-CISICED

A W + P W V || T + L T S > CONSTANTEXTUiSIONPATE

AW+LTS -

-

D 0 S* JEST (1) MODIFIEDALLOY 600 BASE METAL <

HEAT 1REA mEllT BEFORE WELDif1G ASTMG28-72 (1)(N0DIFIEDm
e

P W V 11 T + W K O M ICAL PROPERTIES (2)

: PWV||T+W+LTS I IN 288 C (550 F) AIR
I

s m

K O M ICAL PROPERTIES 288 C (550 F) ALSO

OF AS RECEIVED AND OF HEAT TREATED P1ff
.

NON-WEll)ED ALLOY 600 BASE MIERIAL
_

~* DEGREE OF SEllSITIZATIOfl

:og
"N

:

.
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t%TERIALS RED

A. COMPAi# FU E D RED PROJECTS

B. IMTERIALS R8D FU| SED BY EGEPfML OREAllIZAT!0iB

'

e P&I Ct!!8S' GROUP

L
e ELECTRIC P33 RESEPRCfl liGTITUTE

e EEFARTEFifi 0F EI E GY

hkh){ffl

-
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A. PATERIALS R2D PROJECTS

A-1 flSS FATERIALS CORROSION

e D/ALUATE Ti|E EFFECT OF GEllSTRY Oil SCC EEPAVIOR OF ALLOY ECO

e EVALUATE TliE EFFECT OF lEAT TREATI1ENT Oil SCC DD'AVIOR OF ALLOY CE

e C0f 0UCT FDDEL DOILER TESTS

e DETEPfilfE CORROSI0i1 PATES OF PRIPARY SYSTBi t'ATERIALS

e EVALUATE GO|EPAL AIO LOCAL CORROSION CPARACTERI5flCS OF L:00 SERIES

STAINLESS STEELS

-y

\ 'C
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A. iMTERIALS R&D PRGJECTS

A-2 FPACTURE TEGRiilCS TE0liDLOGY
t

A-2A REACTORVESSELfMTERIALS

e DEVELOP SIfELE SPECIPEi J1C TEST ,

e R.V.S.P. TEST CAPABILITY DEVELOPFBIT

e ADVAfiCED R.V.S.P. FOR CURRENT AND FUTURE PLAlffS

e SBJDY UPPER ShE.F TOLGESS OF R.V. FATERIALS

e EFFECT OF Tl;EFfAL AGIllG Otl R.V. FMTERIALS

e EVALUATE IDE RELIADILITY

A-2s FPACTURE TOLChiESS
.

e PMIffTAlli DATA PANK CF FPACTURE TOUG'dESS PROPERTIES

EVALLATIO!1CFCARE0ftSiFr PROPERTIESe

e Il0USTRY WIDE R&D SURVEIU.AiCE

- CPACK ARPEST

- ELASTIC / PLASTIC FPACTURE TE0'l0 LOGYl

._

8

' -

-- - - - - . _ . - _. -__ _ _ _ .
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A. I%TERIALS R8D PROJECTS

A-3. J0liff liOUSTRY PROGP#E
,

e IGST - TASKS 2,3 8 4

-

e IEC/lRL - IPPADIATION PROGRKS

'

e FPC FATERIALS PROPERTIES DATA

BAIK
.

L
e EPRI/#ES R.V. PATERIALS

IPPADIATI0il DAFAGE STUDIES

e IRC-RSR; LIGHT !aTER REACTOR

_ PRESSUPE 'ESSEL IPPADIATION

SURVEILUJ:CE DOSIFEiRY EOGPAM

_

w'

\ n ') )
;.- i ;-

,

.. . ___. _ _ _ _ - . -
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B. f%TERIALS R8D FUiOED BY EGRi?L ORGN!!7ATI0ilS

P2WO'J!BS' GROUP FR05RN1 - REACTOR VESSEL IMTERI/L FROPERT!ES- e

o EPRI CORROSIOil FATIGUE PR03P#1

e EPRI WELD REPAIR PROSP&1
.

o TUSP CAPSULE EVALUATIO!!S
,

C .

o GEPi%il SAFEfY PROGR41

_

%-

'

,
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B&W OWNERS' GROUP PROGPAM

FOR

EVALUATION OF PBLTOR VESSEL

PATERIAL PROPERTIES

.

g REACTOR VESSB_ EELTLINE WELDS
-\

e' LO',I CF' PM-V UPPER SHELFA
,

e HIGHCOPPERCONCENTRATION

:.: ; \'):\

-q

- - - - - - - - , . _ . _ _ __._
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EABCDCK & WILCOX OWERS'

GROUPPROGRA'i

C NEAR TEP!1 OPJECTIVE

INSURE TFAT THE RECUIREMENTS OF APPENDIX G TO 10CFR50

ARE SATISFIED DURit6 THE FIRST 10 YEARS CF COWERCIAL

OPERATION

.

E L0f6 TEPli OPJECTIVEg

DEMONSTPATE TFAT BELTLINE REGION P TERIALS FAVE

ADEQUATE TOUGFIESS FOR DESIGN SERVICE LIFE

k
/, p

|
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- e
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IFA TERM ACTIVIT/

1. REFIT!E NBJTRON FLUEiCE CM.CULATI0tS - REDUCE

COTEERVATISIS (CUPLETE)

2. CFAPACTERIZATI0tl 0F REACTOR ESSEL hEDS

- CFHilSTRY (CCfhtD

- IFFACT PRCPERTIES

3. REFItE PPEICTIVE CURVES FOR IRRADIATICil I!iDUCED

FROPERTY CF'AIEES

4. USE OUT?JT FRCf11-3 TO IFCIST? ATE CCf FLIAiiCE WITf!

"AFFEDIX G" REQUIPHETS

3 (| |,s
,
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Weld metal chemistry .

' .

.

PURPOSE: ESTABLISH CiiEMISTRY OF REACTOR VESSEL
BELTLINE WELDS-EMPHASIS ON TRACE ELEMENT

CONCENTRATION AND VARIABILITY.

WELD METALS INVOLVED

27 WELDS USED IN OWNER'S GROUP R.V.
S 13 HEATS OF Mn-Mo-Ni FILLER WIRE

.

O 20 LOTS OF LINDE 80 FLUX

14 RV WELDS AVAILABLE FOR WELD STUDY

i .e '8 HEATS OF Mn-Mo-N; FILLER WIRE

@- 12 L:0TG OF LINDE 80 FLUX

j ~400 ANALYSIS PEfiFORMEu ON WELDS MADE WIlH 24 WIRE / FLUX
COMBINATIONS

}

|

; . ., ,.,
s ;
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STATUS OF FEECWATER LINE CRACKING

(7/6/79)
.

AMERICAN ELECTRIC POWER DONALD C. COOK UNITS 1 & 2 RT CRACKS

SWEDISH STATE POWER BOARD RINGHALS UNIT 2 RT/UT CLEAN

NORTH STATES POWER PRAIRIE ISLAND UNIT 1 RT CLEAN

VIRGINIA ELECTRIC & POWER .SURRY UNIT 1 RT CRACKS.

~

COMPANY

COMMONWEALTH EDISON ZION UNIT 1 RT CLEAN

FLORIDA POWER & LIGHT TURKEY POINT UNIT 4 RT CLEM

COMPANY
-

ALABAMA POWER COMPANY JOSEPH M. FARLEY UNIT 1 RT CLEAN

CAROLINA POWER & LIGHT H. B. ROBIMSON UNIT 2, RT CRACKS

C0".PANY

t W!SCONSIN PUBLIC SERVICE K' ,LNEE UNIT 1 RT/UT CRACKS"

SOUTdERN CALIF 0TdiIA EDISON SAN C.;0FRE UNIT 1 RT CRACKS'

PORTLAND GENERAL ELECTRIC TRCJAN UNIT 1 RT CLEAN

-

,

9

e

e

+

/m

./
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RESEARCH ACTIVITIES 1979/80 PROGRAMS

PRESENTATION BY T. R. MAGER, MANAGER

METALLURGICAL AliD NDE ANALYSIS
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WESTINGHOUSE RESEARCH ACTIVITIES

NEW PROGRAMS 1979/1980,

* CORROSIO1 FATIGUE CHAPACTERIZATION OF IRRADIATED REACTOR PRESSURE VESSEL

STEELS
\

DEVELOPMENT OF A CRACK ARREST TOUGHNESS DATA BANK FOR IRRADIATED RVP

PATERIALS

STEADY STATE RADIATION EMBRITTLEMENT OF REACTOR VESSELS

ADkPTIVELEARNINGNETWORKSFORULTRASONICTESTING

MATERIALS EVALUATION PROGRAM FOR REPLACEP.EllT OF HIGH COBALT FACIfiG

ALLOYS

DEFECT SIZING BY ULTRASONIC TESTING AND COMPARISON WITH RADIOGRAPHIC

TESTI!1G

DEVELOPING CONTROLLED OR PROGP4.:iED FLAWS IN HEAVY SECTION WEL:MENTS

'

RESIDUAL ELEMENTS EFFECTS ON TOUGHNESS OF FERRITIC STEELS

#
HIGH STRENGTH STAINLESS STEELS WITH IMPROVED STRUCTURAL STABILITY AND

FATIGUE PROPERTIES

_

,
k

, . . ,

/u
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WESTINGHOUSE WRD RESEARCH ACTIVITIES

1979/1980 PROGRAMS
,

,

.

VESSEL HEAT TRANSFER AFTER LOCA TEST

t IMPROVEMEitT Ill LEFM ANALYSIS
.

ELASTIC-PLASTIC FRACTURE METHODOLOGY

FRACTURE PROBABILITY OF NSSS COMP 0NENTS

CRACK ARREST METHODOLOGY

FATIGUE STREiiGTH LIMITS FOR AUSTENITIC STAINLESS STEEL

* AGING OF CAST STAINLESS STEELS

EFFECT OF HIGH TEMPERATURE PRIMARY WATER Off THE STRESS CORR 0SI0tl CRACKI!;G

OF REACTOR VESSEL STEELS

EFFECTS OF HIGH TEMPERATURE PRIMARY REACTOR WATER Oil FATIGUE CRACK GROWTH

OF REACTOR VESSEL STEELS -

FATIGUE AND FRACTURE TOUGHNESS CHARACTERIZATI0fl 0F FERRITIC STEELS AND
~ '

WELDMENTS

RELIABILITY OF ULTRASONIC TESTS OF CENTRIFUGALLY CAST PIPE WELDMENTS

FEASIBILITY AND METHODOLOGY FOR THERMAL ANilEALING AN EMBRITTLED REACTOR

VESSEL

'0Lc.j

/c?
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. FEASIBILITY AND METHODOLOGY FOR THERMAL ANNEALING

AN EMBRITTLED REACTOR VESSEL **

PROGRAM OBJECTIVE:.,

DEVELOPMEllT OF AN OPTDtAL Ifl SITU, THEP".AL AtiNEALIfiG METHODOLOGY FOR

REACTOR VESSELS WHICH MAXIMIZES FRACTURE TOUGHfiESS RECOVERY, MIrlIMIZES

RE-EXPOSURE SEf1SITIVITY, Ai!D MIt!IMIZES DOWilTIME.
.

DESCRIPTION OF PROGRAM:

COMPACT TENSION AfiD CHARPY V-NOTCH IMPACT ENERGY SPECIMENS FABRICATED

FROM HIGH COPPER WELCMENTS WILL BE IRRADIATED IN THE UVAR. THE EFFECTS

OF ANNEALING TIME, ANNEALING TEMPERATURE, AliD FLUEf!CE ON THE DROP IN UPPER

SHELF ENERGY AND THE INCREASE IN TRAfiSITION TEMPERATURE WILL BE STUDIED.

AN ASSESSMEt4T WILL BE MADE OF THE VARICUS PROPOSED METHODS OF THERfGL

y ANflEALING AND THE SYSTEM'S CAPABILITY WITH THE PROPOSED METHODS.

STATUS:
"

COMPLETED THE FIRST IRRADIATICN CYCLE.*

STARTED THE SECOND IRRADIATICN CYCLE.*

* CHARACTERIZED THE PRE-IRRADIATICN MICRO-STRUCTURE AND MECHAi!! CAL

PROPERTIES OF THE THREE AS-RECEIVED WELCMENTS.

A TOPICAL REPORT, " CHARACTER!ZATION OF THE Uff!VERSITY CF VIRGINIA*

RESEARCH REACTOR RADIATICM ENVIRCNMENT," (WCAP 9429) WAS COMPLETED

A!!D ISSUED.
-

EPRI SPONSCRED PROGRAM.**

'
l'

,,,
b' t

J wt
_ . _ _ _ _ ._ ___ _ _ _ _ _ _ . __ . _ _ . .
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CORROSION FATIGUE CHARACTERIZATION OF--s

IRRADIATED REACTOR PRESSURE VESSEL STEELS **

PROGRAM CBJECTIVES:,

DEVELOP AtiD AliALYZE CORROSION FATIGUE CRACK GROWTH RATE DATA FOR

IRRADIATED RPV STEELS.

BY COMPARING THE DATA OBTAINED WITH EXISTING INFORMATION ON THE

BEHAVIOR OF IRRADIATED VATERIALS, ASSESS (1) WHETHER IRRADIATION

HAS All IMPORTAlli EFFECT ON THE GROWTH RATE AND (2) WHETHER PATERIALS

IRRADIATED Ifl POWER AtlD TEST REACTORS SHOW SIMILAR CORROSION FATIGUE

BEHAVIOR.

A SECONDARY OBJECTIVE IS TO PROVIDE ASSISTANCE TO EPRI IN COORDINATING THE

DEVELOPMENT OF MATHEFATICAL MODELS FOR CORROSION FATIGUE CRACK GROWTH IN

RPV STEELS UNDER BOTH LASCRATORY AND SERVICE CONDITIONS.

C'
'

DESCRIPTICN OF PROGRAM: '

THE PROGRAM COMPLEMENTS THE EPRI-BAECOCK AND WILCOX (B&W) CORROSION

FATIGUE CHARACTERIZATICN OF REACTCR VESSEL STEELS PROGRAtt THROUGH AN IN-

VESTIGATION OF CORRCSION FATIGUE CRACK GRCUTH IN IRRADIATED MATERIAL.

IN ADDITICri TO SURVEILLANCE CAPSULE SPECIMENS TO BE PROVIDED BY WESTING-

HOUSE, B&W IS TO SUPPLY SIX FATERIALS FRCM WHICH SPECIMENS WILL BE FACHINED,

IRRADIATED, AND TESTED.

THE PROGRAM ALSO INCLL' DES DATA ANALYSIS OF THE RESULTS AND ASSISTANCE TO

EPRI IN COORDINATING THE DEVELOPMENT OF MATHEPATICAL l'CDELS FCR CORRCSION

FATIGUE CRACK GROWTH Ill REACTOR PRESSURE VESSEL STEELS.
_

_

STATUS:

PROCUREMENT OF SURVEILLANCE CAPSULE SPECIMENS FRCM UNION ELECTRICA

ZCRITA PLAST COMPLETED.

-;
,Y

MACHINING OF SPECIPENS FOR IRRADIATICN IN UV'.R UNDERWAY. .! '
1

r i

- w ~ ~ n ~.~ - - -



..

DEVELOPMENT OF A CRACK ARREST TOUGHNESS
''

DATA BANK FOR IRRADIATED RPV MATERIALS **

PROGRAM OBJECTIVES:
\

.

DETERMINE THE PRE- AND POST-IRRADIATI0t; CRACK ARREST TOUGHNESS IN*

TERMS OF K AND K FOR REACTOR VESSEL MATERIALS TYPICAL OFIa Im

-- CURRENT OPEPATING PLAfiTS AND E,iRLY MELTING AND WELDING PPACTICES.

-- CURRENT MELTING A!!D WELDING PRACTICt.~.

EVALUATE (AND IMPROVE) PROCEDURES FOR PREDICTING IRRADIATED CRACK

ARREST TOUGH!iESS.

DESCRIPTION OF PROGRAM:
.

CRACK ARREST SPECIMENS (PROPOSED ASTF) FABRICATED FROM HIGH COPPER - LOWD
UPPER SHELF IMPACT ENERGY Arid LOW COPPER - HIGH UPPER SHELF IMPACT Ei!ERGY

MATERIALS WILL EE IRRADIATED IN TEE UVAR. POST-IRRADIATIOff CRACK ARREST

TOUGHNESS DATA WILL BE GENERATED. J Af!D CHARPY IMPACT SPECIMENS WILLIc
ALSO BE EVALUATED FOR CORRELATI0il WITH THE CRACK ARREST TOUGHUESS DATA.

STATUS:

PRELIMINARY SPECIMEN CAPSULE DESIGN CCM LETED.

** EPRI SP0tiSCRED PROGRAM.

'| 0 ". . , .
~,

- - _ -
/cc
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STEADY-STATE PADIATI0fi EMBRITTLEMElli 0F-
_

REACTOR VESSELS **

f PROGRAM OBJECTIVES:

VERIFY THE C0!;SISTEfiCY OF A " STEADY-STATE" IRRADIATION EMBRITTLEMENT

WHICH HAS BEEtt OBSERVED Ill SURVEILLAfiCE CAPSULE TESTS.

DETERMIliETHEMkCHANISMSIriVOLVEDIllRADIATIONDAIMGESATURATI0'lIN
PRESSURE VESSEL STEELS.

DESCRIPTION OF PRCGRAM:

THE WORK IliCLUDES TESTIliG SPECIME?is FRC*t TEil NUCLEAR REACTOR SURVEILLAliCE

CAPSULES, PERFORMINJ A STATISTICAL AfiALYSIS OF TEST DATA, Arid C0i! DUCTING

METALLURGICAL TESTItiG TO DEVELOP AN UfiDERSTANDING OF TH.E MECHANISM (S)

INVOLVED S0 AS TO PER:iIT THE POSSISLE DEVELOPMEllT OF A PREDICTIVE MECHANISTIC

(. MODEL.
,

.

STATUS:

RECEIVED POINT BEACH NO. 2 CAPSULE R.

STATISTICAL r :ALYSIS OF EXISTI?,G SURVEILLANCE CAPSL*LE DATA UNDERWAY.

** EPRI SPONSCRED P?.CGRAM.

NOTE: "SATURATIOi" EFFECT OBSERVED IN SURVEILLANCE CAPSULE TEST RESULTS

FROM L0t:G TIPJi CAPSULES FR0!t PT. SEACH 41, CON!'ECTICUT YANKEE,

AND SAN CNOFRE 41.

,. . ,- .

'e i,

'

. .7:'
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RELJABILITY OF ULTRA 50tlIC TESTI!!G OF AUSTEli1 TIC MATERIALS
,

Ar;D WELDS

PROGRAF 1 GBJECTIVES:f

A) DETERMII;E THE MIllIMUM THROUGH-WALL DIMENSI0i15 0F INSIDE DIAMETER Af;D

OUTSIDE DIAMETER CRACKS THAT CAN BE RELIABLY DETECTED WHEN ULTRASCIIICALLY

TESTIf!G CENTRIFUGALLY CAST STAINLESS STEEL PRIMARY PIPING WELDS.
. .

B) EVALUATE THE I!1 FLUENCE OF OPERATOR PROFICIEt CY, CRACK TYPE, WELD

POSITI0fi, Al'D METALLURGICAL STRUCTURE ON FLAW DETECTION.

.

DESCRIPTI0ft OF PROGRAM:

A) PRCDUCE 15 CENTRIFUGALLY CAST STAINLESS STEEL PRIMARY PIPI!!G WELDMEilTS.

B) FASRICATE TWO STRESS CORROSION CRACK SAMPLES, 90 FA'TIGUE CRACK SAMPLES,
.

{ 45 CONTROL SAMPLES, AfiD OME CALIBRATION SAMPLE. -

.

C) PERFORM ULTRASONIC TESTS USING A 40' REFRACTED LONGITUDINAL WAVE TEST

FIXTURE, SPECIAL DUAL At;D FOCUSSED TRAliSDUCERS, AfiD Ilt''.ERSI0t: TESTS.

i

D) PERFORM DETAILED P.ETALLOGRAPHIC A"ALYSIS AT TEN SPECIFIC LOCATIONS I!

VARICUS SAMPLES.

E) PERFCRM STATISTICAL TEST Ai;ALYSIS SASED Cf1 DATA FROM 20 REFRACTED

L0iiGITUDI!iAL WAVE TEST DATA.

o.n
;\V^

,-

nia
-

/ C
. _ . .

- _ -- - - . . . JE
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RELIABILITY OF ULTRAS 0tiIC TESTIriG OF AUSTErilTIC MATERIALS AfiD

WELDS (Continued . . .)
_

ACCOMPLISH!'Et!TS:
-

* ,

~

TWO STRESS CORROSIOfi SAMPLES, 60 FATIGUE CRACK SAMPLES, AtiD 30 CO:lTROL*

SAMPLES HAVE BEEfi EXAMIt!ED BY THREE OPERATORS USI!!G STANDARD TEST PRO-

CEDURES A?iD THE 40 LO!iGITUDINAL UAVE FIXTURE. THE AVERAGE CPACK CEPTH

fiEEDED BEFORE ALL THREE OPEPATORS PROPERLY CHARACTERIZE THE CRACK SAMPLE

AND A fiOfi-CRACKED C0tiTROL SAMPLE IS APPROXIIMTELY 15% OF THE WALL
THICKNESS.

SEVERAL EUROPEAT1 DUAL AND FOCUSSED TRA|iSDUCERS HAVE BEEfi EVALUATED.
*

A 70 UNIT WAS VERY SUCCESSFUL If1 LOCATIf;G CRACKS E!%NATIfiG FROM THE <

SAME SURFACE AS THE SEARCH UNIT IS SITUATED. SOME OF THE 45 DUAL

SEARCH UtiITS APPEAR PROMISING AND WILL BE EVALUATED IN MORE DETAIL.

.

/

.

e .

a
'

, . _ _ _ _ . . . . _ . . - ..-- -.
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DEFECT SIZING BY ULTRAS 0tlIC TESTING AND COMPARIS0t1 WITH
m

RADIOGRAPHIC TESTING

PROGPAM OBJECTIVES:
i

.

A) IMPROVE DEFECT CHARACTERIZATION Ill RELATION TO FRACTURE MECHAllICS

CALCULATION REQUIREMENTS.

B) DETERMINE TEST PAPAMETERS WHICH HAVE THE GREATEST EFFECT ON SIZItiG
ACCURACY.

C) ItiVESTIGATE tiEW TECHNIQUES WHICH MAY IliPROVE DEFECT SIZING ACCUPACY.

D) CCMPARE ULTRASC!1IC TESTI!iG VS. RADICGRAPHIC TESTING SIZING ACCUPACY.

E) ESTABLISH NORMAL LIMITS OF C0!iVENTIONAL ULTPASONIC TESTING AND RADIC-
.

GPAPHIC TESTING.
.

DESCRIPTION OF PROGRAM: -

.

A) INSERT 24 DEFECTS OF A KNOWN LENGTH, THROUGH-WALL THICKNESS, ORIENTATICN,

AND DEPTH FROM THE SURFACE IN THREE N0ZZLE CUTOUTS.

S) ULTRASONICALLY EXAMII;E THE THREE N0ZZLE CUTCUTS USIi1G A VARIETY OF

- S i e n v v,.e.,n - s , Si n a ,--n -

. n . c c . :. . :;u. ,. ,i: avac -,-w:.3, or.a , - S. 1..a i s,.,.:... , - q., , , , - , , , - . . . , .s 2 i:m .-i

FREQUENCIES AND SEARCH UNITS.

C) EVALUATE TEST RESULTS TO DETERMI"E CORRELATICN BET',;EEN ULTRASONIC TEST

PREDICTED SIZE AND ACTUAL SIZE AND DETERMINE PARA!'ETERS CAUSING THE
MOST VARIATICN.

_

_

D) MAKE RECCM".ENDATIONS ON HOW TO IMPRCVE ULTPASCNIC TESTING SIZING ACCUPACY.

E) CONDUCT ROUND-ROBIN STUDY WITH FF.ENCH PARTIES.
'

, e > >

F) PERFORM CONVENTIC"AL AtiD UNIQUE RADICGPAPHIC TESTING OF THE THREE
N0ZZLES. PERFORt1 CCF.RELATICN STUDY OF RADICGPAPHIC TEST!NG VS.
ULTRACCNIC TESTI!;G.

-

i
_e, - - - - - -~ * **
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DEFECT SIZIi!G BY ULTRAS 0tiIC TESTIriG AliD COMPARISON WITH RADIOGPAPHIC

TESTIriG (Co,ntinued . . .)
-

ACCOMPLISHMENTS:

't

THREE N0ZZLE CUTOUTS HAVE BEEN OBTAINED.
*

*
MATERIAL FOR FATIGUE CPACK SPECIMENS HAS BEEN OBTAINED.

*
DETAILED PROGPAM HAS BEEN DEVELOPED AT OFFSHORE PO'..'ER SYSTEMS SITE.

.

-

.

~

h
,

.. .- -- ._
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DEVELOPI!4G C0tiTROLLED OR PROGPAMMED FLAWS IN HEAVY SECTIONm

WELDMEliTS**

PROGRAM OBJECTIVES:
.

A) DESIGil A FLAW If1 SERT GEC|tETRY OR GE0V.ETRIES WHICH WILL PROVIDE THE

NEEDED FLEXIBILITY TO VARY KEY FLAW SIZE, SHAPE, ORIENTATION, AND LOCATI0?l
*

PARAMETERS, MINIMIZE THE EFFECT OF WELDING ON PROPOSED FLAW SIZE,

AtiD PERT 1IT EASY PLACEMENT OF THE INSERT INTO A FULL PENETRATION WELD.

B) DEVELOP AN I?lSERT CPACK-SEALING TECHNIQUE WHICH FROVIDES ASSUPANCE

THAT CRACK LENGTH AND THROUGH-WALL DIMEf!SIONS ARE fiOT AFFECTED BY SUB-

SEQUENT llELDING OPERATIONS.

C) ESTABLISH THE OPTIMUM CCMBINATI0ii 0F WELD PROCEDURES, WELD PREPARATION

GE0"ETRIES, AND OTHER PARAMETERS WHICH MINIMIZE SHRJNi' AGE STRESSES

AND RESULTS IN MINIMUM FLAU DISTORTION.

b
D) ASSESS THE ABILITY OF THE WELDING TECHNIQUE TO FROVIDE REPEATABLE RESUL"S.

E) DETERMINE THE DESIRED VERSUS ACTUAL FLAW SIZE TOLERANCE WHICH CAf1
BE ACHIEVED IN PRACTICE.

DESCRIPTICN OF PROGRAM:

THIS PROGRAM ',lILL CEVELCP PRCCECURES FOR PRODUCING "REAL" CEFECTS OF A

KNCW;. CI77, 3HAPE, AND CRIENTATICN AT SPECIFIC LCCATICNS IN HEAVY SECTICN

WELDiENTS. THE FLAW GENEPATING TECHNIQUES AND WELDIi;G PARAMETERS USED

TO PRODUCE THE CONTRCLLED DEFECTS WILL BE CRITICALLY ASSESSED TO DETERMINE

WHICH PRCCEDURE PRODUCES THE MOST REPEATABLE AND ACCUPATE RESULTS AS DETER-

!!!NED BY i0NDESTRUCTIVE TESTS Ai4D VETALLC3RAPHIC I:|VESTIGATION OF LABORATOPY
SPECIMENS. THE LENGTH, DEPTH, ORIENTATIO*:. THROUGH-WALL THICK :ESS, AND

LOCATICN OF THE FLAUS WILL EE VARIED TO SI"ULATE THE NATURk. CEFECTS MOST

LIKELY TO OCCUR IN VESSEL WELDS DURING MANUFACTURE AND SERVICE.

-
~
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DEVELOPII G COI; TROLLED OR PROGPhf'.MED FLAUS IN HEAVY SECTI0ti WELDiiENTS

(continued ,. . .)
m

ACC0!iPLISHMEliTS:

! TWO TEfiTATIVE INSERT DESIG!;S HAVE BEEri DEVELOPED. FOR FATIGUE CRACK*

FLAW DEVELOPMEriT.

*
AN INSERT CRACK-SEALING TECHilIQUE FOR FATIGUE CRACK FLAWS AND OTHER

FLAiG HAS BEE!i CEVELOPED. THE TECHNIQUE, WHICH UTILIZES A MULTITUDE

OF SMALL, LOW-HEAT ItiPUT, TIG WELD PASSES TO FORM A 1/4 INCH LAYER

OF SOUt:D fMTERIAL, flEEDS TO BE DUPLICATED ON AT LEAST OtiE ADDITIONAL

SAMPLE FOR VALIDATI0ti.

EPRI SPONSORED PROGRAM**

.

,

.

O
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ADAPTIVE LEARflIflG NETWORKS FOR ULTPA50tiIC TESTIllG
'

-

PROGRAM OBJECTIVES:

A) DEVELOP SIGNAL PROCESSIriG METHODS WHICH ARE fiOT DEPEliDEriT ON TIME AND

AMPLITUDE It!FORMATI0t! ONLY.

B) DEMONSTPATE THE CAPABILIT7 OF THE SIGI;AL PROCESSING SYSTEM BY DIS-

CRIMINATING BETWEE!! SIG! ALS FROM FATIGUE CRACK AliD IRRELEVAIiT STRUCTURE

SIGriALS IN A SERIES OF CENTRIFUGALLY CAST STAIf!LESS STEEL WELDMEtiTS.

DESCRIPTIO!! 0F PROGRAM:

C0iiVENTIONAL ULTRASCf!IC TESTING SCREE!i PRESE TATIONS DISPLAY ONLY TItiE

AND AMPLITUDE DATA FROM REFLECTORS. IiiFORMATION C0f;CERNII;G PARAMETERS

SUCH AS FREQUENCY CONTENT AfiD PHASE RELATIONSHIPS ARE FILTERED BY THE

TEST SYSTEMS ELECTRONIC CIRCUITRY. A PRCMISIfiG DATA EVALUATI0tl TECHiIQUE

WHICH DEVELOPS A LIST OF ALL SIGNIFICA!iT PARAMETERS AND PARAt1ETER RELATICUSHIP

b UILL BE STUDIED.
.

IN THIS PRCGPhl, DATA WILL SE GATHERED ON CRACKED A!;D UNCRACKED CEliTRI-

FUGALLY CAST STAINLESS STEEL PIPE SA!'PLES, CAtCIDATE RELATIONSHIPS WILL

BE IDENTIFIED, AND MULTIPLE CCF'JTERICED A"ALYSIS WILL SE PERFORMED TO

DEVELCP A MATHEMATICAL PCDEL CALLED A?; ALGCRITHM. THE ALGORITHM WILL HAVE

THE CAPA5ILITY TO PERMIT DIFFERENTIATICt; 0F S0"E ASPECT OF AN ULTPASONIC

REFLECTIO:i. A SERIES OF ALGORITh:'.S, EACH WITH A SPECIFIC DISCRIMI"ATCr.Y

FUNCTICtl, WILL EE C0t'BINED TO SIG:i!FICAliTLY INCREASE THE RELIAEILITY CF

THE DEFECT EVALUATICri PROCFSS.

-

,
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ADAPTIVE LEAPflIllG fiETWORKS FOR ULTRAS 0ftIC TESTIt!G (Continued . . .)

'
,

ACCOMPLISHMEf1TS:

THE TEST SYSTEM TO DIGITIZE R-F WAVEFOPJ'.S HAS BEEN SET UP.*

THE ULTRA 50fiIC IttSTRU'dEtlTATIOf HAS BEEft IfiTERFACED WITH THE ECLIPSE
*

COMPUTER VIA THE BIOMATIC!l 8100 AND THE It!TEL SDK 80. ALL INTERFACIt!G

SCFTWARE HAS BEEN DEVELOPED Af;D THE SYSTEM IS OPEPATIONAL.

WAVEFORM STORAGE FILES HAVE SEEN ESTABLISHED AI;D WAVEFORM DISPLAY*

SOFTWARE HAS BEEN DEVELOPED.

*
PRELIMINARY DATA ANALYSIS CAPABILITIES f|ECESSARY TO OBTAIN THE

ADAPTIVE LEARii1NG fiETWORK VECTORS HAVE BEEli DEVELOPED.

.

-v- .
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-
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AGING OF CAST stall!LESS STEEL

-
,

PROGRA!! OBJECTIVES:

EVALUATE THE EFFECT OF LONG TERM THERMAL AGING ON THE PROPERTIES OF CAST,
,

STAINLESS STEEL PIPING.

DESCRIPTION OF PROGRAM:

FRACTURE TOUGHfiESS CHARACTERISTICS INCLUDING J HA -NOTCH, AND M S M
Ic,

PROPERTIES WILL BE DETERMINED ON CENTRIFUGALLY CAST STAI!!LESS STEEL PIPE

MATERIALS THERMALLY AGED TO SIMULATE SERVICE. FATIGUE CRACK GROWTH PATE

DA/CN VS. aX WILL ALSO BE DETERMI"ED IN AIo. AND IN PWR WATER ENVIRONMENT.

PIPING INTEGRITY WILL BE ASSESSED CONSIDERIt;G THESE MATERIAL PROPERTY DATA.

THE ASSESSMENT METHODOLOGY WILL BE CONFIR|',ED WITH A SERIES OF l'0 DEL PIPE

BURST TESTS USING AGED AND UNAGED CAST PIPING MATERIALS BOTH FLAWED AND

UNFLAWED.
,

.

( ACCCMPLISHMENTS: .

MATERIALS AGED AT 8'00 F (427 C) FOR 3000 HOURS SHC',:ED A REDUCTICN IN

CHARPY V-NOTCH IMPACT ENERGY--s 160 FT-LSS T0 s 30 FT-LBS AT RCCM

TEMPERATURE AND T0 s 73 FT-LBS AT ESO F.

CRACK GRCWTH CHARACTERISTICS OF AGED AND UNAGED t'ATERIAL IN AIR AND
*

IN PWR UATER ENVIRCNMENT WERE CC'' PARABLE.

SLOPE OF J RESISTANCE CURVES AT 600 F WAS NOT AFFECTED BY AGING.*

SLOPE OF J RESISTANCE OF AGED MATERIAL AT RCCli TEMPE?ATURE WAS REDUCED*

AND WAS APPROXIFATELY EQUAL TO THE SLGPE AT 600 F.
.

J TCUGENESS OF AGED STAINLESS STEEL AT RCCM TEMFERATURE AND E00 F
*

7c
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FATIGUE Afl0 FPACTURE TOUGHi;ESS CHAPACTERIZATI0il

0F FERRITIC STEELS AND WELDMENTS

PROGRAM OBJECTIVES:^

A) EVALUATI0tl 0F UNIRRADIATED A!!D IRRADIATED FATIGUE CRACK GROWTH BE-

HAVIOR OF REACTOR VESSEL MATERIAL Ifl A PWR Ef4VIRONMENT.

B) EVALUATI0il 0F THE UNIRRADIATED AND IRRADIATED FRACTURE TOUGN';ESS BE-

HAVIOR OF REACTOR VESSEL t'ATERIAL.

C) STUDY THE flEED A!10 FEASIBILITY OF IN-PILE FATIGUE CRACK GRO'JTH PATE

MEASUREMEilTS.

DESCRIPTION OF PROGRAM:

DATA ARE BEIt!G GEtiERATED ON A533 GRADE B CLASS 1 STEEL PLATE A 'D A503 CL 3

FORGIf;G l'.ATERIALS TO PROVIDE A FRACTURE TOUGHNESS (STATIC, J AND DYNAtilC,Ic
KID) AND ENVIR0f! MENTAL FATIGUE CPACK GROWTH DATA SASE F.OR DEFIllING CESIGN
INPUT FOR FRACTURE MECHAf;ICS EVALUATION OF NSSS CCMPO!!EilTS. THE NEED A!!D

(. FEASIBILITY OF IN-PILE FATIGUE CRACK GROWTH PATE MEASUREMENTS OF THE SA!iE

MATERIAL IS ALSO BEING EVALUATED. .

STATUS:

UNIRPADIATED DYNAMIC FRACTURE TCUGHNESS TESTING COMPLETED - A533 GPA E B

CLASS 1, A503 CLASS 2. Al'D A503 CLASS 3 TOUGHNESS ESSE.','TIALLY THE SA''E.

UNIRRADIATED STA?; CARD AND II;$TRUMENTED PRECPACKED CEARPY TESTING C:!'PLETED.*

UNIRRADIATED ENVIRCITENTAL FATIGUE CPACK GRDWTH TESTING IN PRCORESS.

*
IRRADIATED DYNAMIC FRACTURE TCUGENESS TESTING CCMPLETEC. SPECIMENS

~

IRRADIATED AT 55C'F TO A FLUENCE OF 3 X 10 M n/c6 (E > 1 MEV).

,-.. - , . _ . . . - . . . . . . - . . . - - - . .; sIxRA U R U .-U Oin.wnnJ x.sJ L . d i i. . . . . 6. . . _ . , r .". . v n. . u rs t. U
- - - - , . . . . - - -..--. ---...- ... . ; . . . c .- a .m :. 0 0c .r . . - I ::

- -----' w

n .D n.-e.,,- 3 0e.
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MHI AND HAS SUCCESSFULLY PERFORMED A DU?"iY TEST.
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, FATIGUE STRENGTH LIMITS FOR AUSTENITIC STAINLESS STEEL

(20% COLD WORKED TYPE 316 AND ANNEALED TYPE 304)

PROGRAM OBJECTIVES:
.

A) DETERMINE THE EFFECT OF PRIOR PLASTIC STRAINING CN FATIGUE STRENGTH

(TO FAILURE ON 3 X 105 CYCLES).
.

B) DETERMINE LOW CYCLE FATIGUE BEHAVIOR (T0 FAILURE ON 3 X 105 CYCLES).

C) CETERMINE FATIGUE STRENGTH AT 106 A!iD 3.16 X 108 CYCLES.

D) DETERMINE DAMAGE FORMULATION FOR CC', PLEX FATIGUE LOADINGS.

DESCRIPTION OF PRCGRAM:

.

DATA CN LOW AND HIGH CYCLE FATIGUE RESISTANCE PROPERTIES OF AUSTEMITIC

(, STAINLESS STEEL WILL BE ESTABLISHED. THE RESULTANT DATA WILL BE USED AS

AN ASSESSMENT OF FATIGUE DESIGN FACTORS.

ACCOMPLISHMENTS:

FATIGUE STRENGTHS WERE CBTAINED CN 20?; CCLD WORKED TYPE 315 AND ANNEALED

TYPE 3C4 UP TO 106 CYCLES UNDER TOTAL STRAIN CONT.0L AND THE HIGH CYCLE

FATIGUE FRCM 106 TO 3.16 X 103 UNCER LOAD CCNTRCL.

o -, n n.: Cn, ; n. ne.: c c:au n2.n, ,. :. . , ,D r n u., , .. 7 - e r.C, e .,,n, .n r n D r .s ,.n. r,,u, , 1 :n t s
.-- --..., . -- . . . . . . - ,rni. in.2 : .. ..

DATA TO DETER.''INE BOTH STRAIN CONTRCLLED AND LCAD CONTROLLED DESIGN

CURVES FCR UP TO A LARGE NUMBER OF CYCLES > 103

| / !N'
.

.
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.

EFFECT OF HIGH TEMPERATURE PRIMARY-s ,

WATER ON THE STRESS CCRR0SION CRACKIttG

OF REACTOR VESSEL STEELS **

s

PROGRAM OBJECTIVE:

TO DETERMIt'E THE VALUE OF KISCC, IF POSSIBLE, FOR PRESSURE VESSEL STEELS

AND ASSOCIATED WELDS.
.

DESCRIPTION OF PROGRAM:

RESULTS OF STATIC LOAD STRESS CORROSION (KISCC) TESTS INDICATE THAT THESE
MATERIALS DO NOT CRACK UtiDER A C0t4STANTLY APPLIED LOADING IN THE PWR EN-

VIRONMENT. A PRELIMINARY SERIES OF RISI"G LOAD TESTS CONDUCTED Ifl HYDROGEN

SULFIDE GAS SHOWED THAT THE t'.ATERIALS HERE I:0T PRONE TO STRESS CORROSION

CRACKING IN HYDROGEN ENVIFCNMENTS. THESE WERE FOLLOWED BY LCNG TIME TESTS

OF BOLT-LCADED 1T-WOL SPECIMENS WHICH WERE SUBJECTED TO THE PWR ENVIRON-

( MENT CURIt!G THE CRACK GROWTH. TESTS, SET Ii! THE BOTTOM 0F TWO CHAMSERS.

A SERIES OF THREE OF THESE SPECIMENS WERE REMOVED FROM TESTIl!G AFTER NEARLY

TWOIEARS,ANDBOTHMACROSCOPICA:iDMICROSCOPICEXAMINATIONSHOWEDNO

CRACKING.

.

STATUS:

ANOTHER SERIES OF SPECIMENS CONTII:UES IN TESTING AND HAS SHChN NO

CRACK EXTENSICH AFTER OVER : CUR YEARS OF TESTING.

DETAILS HAVE BEEN PUELISHED IN HSST GUARTERLY PROGRESS REPCRT - PERICD
*

MARCH-MAY 1979.

*$ PWRSD - l'RC/HSST PROGRAM
m

pa- .
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' EFFECTS OF HIGH TEMPERATURE PRIMARY REACTOR WATER-

Ott FATIGUE CPACK GROWTH OF REACTOR VESSEL STEELS **

PROGRAM OBJECTIVE:

CHARACTERIZE FATIGUE CRACK GROWTH PATE PROPERTIES OF FERRITIC VESSEL STEELS

EXPOSED TO PRESSURIZED WATER REACTOR COOLANT ENVIRONMENT.

DESCRkPTIONOFPROGRAM:

FOUR ENVIRCfMENTAL CHAMBERS ARE Ill USE AND THE FOLLOWING AREAS ARE BEING

INVESTIGATED:

CPACK GROWTH RATE AT HIGH aK

CRACK GROWTH IN WELC"ENTS

STARTING CONDITICM EFFECTS .

*

MECHANISMS OF CORROSION FATIGUE CRACK GROWTH

t
ALL OF THE FOUR CHAMBERS CPERATE AT 14 I'.PA AND 288 C. THREE OF THE CHA"BERS

ARE FUNDED BY THE NRC/HSST PROGRA" AND THE OTHER WITH INTER!iAL FUNDING.

STATUS:

o - - -

L. . . - - . . ,,/ i u C C, ,., ,. . - - . ,.,, . . .-_ . . - , . . . - -- - r <s , - - - n , S c. a- os o L -( ca r .< -
- --- -
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ven.ni u , e.4~n ...ir--,O r ,e R:nr---c . u r- nn: .S . . .. . . 1., - x 5. . - _ I m, . -; cu n u i .1 C,,:-- - . . . , . _ ..

t.o n i 2 : mu nr

Ar--.C. .d. . c aln d O- ..- ---.S.r: i it u r inn i:di

HCLD tit'E RESULTS IN LESS CRACK GROWTH THAN NC HOLD TIME.

CRACK GRO',iTH IN HAZ IS ECUIVALENT TO THAT IN WELCS FOR THCSE TESTED*

THUS FAR.
_

W P'.!RSD - NRC/HSST SPONSORED PROGRAT'."*
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.

NATERIALS EVALUATION PROGRAM FOR REPLACEMENT OF HIGH-s

COBALT HARD FACING ALLOYS

PROGRAM OBJECTIVES:

A) OBTAIN SCREENIttG TEST DATA TO SELECT CANDICATE LOW COBALT MATERIALS

WITH ACCEPTABLE WEAR At1D CORRCSI0ti PROPERTIES.

B) PERFORM COMPONENT TESTS FOR VALVES, PUMPS, At:0 CONTROL ROD DRIVE

MECHANISMS EITHER FULL SCALE OR SIMULATED.

C) REPLACE HIGH COBALT HARD FACES OR SCLID WEAR RESISTAtiT MATERIALS WITH

LOW COBALT MATERIALS WHICH WILL RESULT IN REDUCIt!G CUT-OF-CORE

RADIATION DOSE BUILDUP.

DESCRIPTION OF PROGRAM: .

"

1"HIS PROGRAM INVOLVES:

A) SCREENING OF AVAILABLE LOW COBALT MATERIAL BY METALLURGICAL EVALUATION

OF HARDFACED DEPOSITS ON MATERIALS.

B) SCREENING OF MATERIALS FROM (A) AS WELL AS SOLID LOW CCB/>L~ MATERI/.LS

BY WEAR AND CORRCSICH TESTS.

C) SELECTICri CF CPTIMUM MATERIALS FRCM (A) Ai;D (B) FCR COMPONENT TESTS

UNDER SIMULATED SERVICE CONDITIC iS.

ACCCMPLISHMENTS:

LOW CCBALT MATERIALS HAVE BEEN SELECTED FOR METALLURGICAL AND '' ELD-*

~

ABILITY TESTS.

TEST WEAR SPECIMENS HAVE BEEN PREPARED FROM ACCEPTABLE HARD FACED*

( ,. ., , ,L t ; J . m ..,y.,.s
-----

J. il) 40060.

WEAR TEST ECUIPMENT H/,5 BEEF 4 FO:IFIED FOR LCW (s 5000 PSI) A!;D HICH*

(sl5,0C0 PS!) LCAD TESTING.
. , ,: ,
s / -
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RESIDUAL ELEMEilTS EFFECTS Ori TOUGHNESS OF FERRITIC STEELS
-s

PROGRAM CBJECTIVES:

( A) INCREASE THE UNDERSTANDING OF THE EFFECTS DF RES.IDUAL ELEMENTS ON THE

TOUGHiiESS OF PRESSURE VESSEL MATERIALS.

B) INCREASE THE UNDERSTANDI!:G 0F THE EFFECTS OF BASE METAL SEGREGATIOi!S

ON THE HEAT AFFECTED Z0iiE. PROPERTIES OF PRESSURE VESSEL MATERIALS.

DESCRIPTION OF PROGRAM:

THIS PROG?!41 IS PESIGliED TO:

A) DETER"INE THE RESICUAL ELEf'E !T CONTENT Ili AT LEAST TEi! HEATS OF PRESSURE

(PRIMARY) BOUNDARY MATERIALS A!!D DEVELOP THE EFFECTS OF THE TYPE AND

C0iiCENTRATION OF RESIDUAL ELEMEfiT Oi! THE TOUGHiiESS DF THESE FERRITIC
MATERIALS. *

b
.

8) DEVELOP, BY MEAliS OF PROGRAl';'.ED CHEMICAL ANALYSIS Ai:D SURFACE EVALUATION

TECHilIQUES, AN UiiDERSTANDIi?G OF THE EFFECTS CF ALLOY AND 110iiMETALLICS

SECREGATI0li Gli THE HEAT AFFECTED ZCriE PROPERTIES OF FERRITIC PRIMARY
PRESSUR." ECUNDARY S;TERIALS.

ACCC"?' ISF"Ei!TS :_

THIS IS A NE'.i PROGRA". AND IS CUST N '! SEING Ii!ITIATED..

-

;, [u
'

_
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HMH STREilGTH STAINLESS STEELS WITH IMPROVED STRUCTURALm

. STABILITY AND FATIGUE PRCPERTIES

( PFOGRAMOBJECTIVES:

A) OBTAIN AN ALTERNATE HIGH STREt;GTH FERRITIC STEEL FOR PWR SERVICE.

.

B) ESTABLISH FRACTURE TOUGHNESS PROPERTIES, MECHANICAL PROPERTIES,

AND CORROSI0tl RESISTANCE ' DATA ON ALTERNATE HIGH STRE!!GTH FERRITIC

STAlfiLESS STEEL.

DESCRIPTICil 0F PROGRAM:

AN ALTER" ATE HIGH STRENGTH STAINLESS STEEL WILL BE CHARACTERIZED FOR

MECHANICAL PROPERTIES, FRACTURE TOUGHNESS, AND CORROSION RESISTANCE.

THE EFFECT OF AGING WILL BE EVALUATED. .

(c ACCOMPLISHMENTS:

t

* DATA ON ALTERNATE CANDIDATE MATERIALS WERE REVIEWED.

FERRITIC STAINLESS STEELS '.*ITH DIFFERENT CHEMISTRIES ARE BEING*

CSTAINFD.

..

emJ-
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IMPROVEMEili IN LEFM ANALYSIS

'
(3-D ANALYSIS)

'

.

PROGRAM CBJECTIVE:

(

IMPROVE THE PREDICTABILITY OF LEFM METHODS BY I!iCREA' SED CCi: TROL OF THE

PRECISION OF THE CALCULATIOf;AL METHODS AND BETTER ASSESSMENT CF THE FRACTURE

CRITERIA.

ACCURATELY PREDICT MARGIN OF SAFETY FOR HIGHLY STRESSED REGIONS OF REACTOR

VESSELS UliDER THER"AL SHOCK CCNDITIONS.

DESCRIPTICil 0F PROGRAM:

A " CRACK TIP" ELE!'E!iT hAS BEEN DEVELOPED TO INSERT INTO FINITE ELEMENT MODELS.

THIS ELEMENT HAS A SEMI-ELLIPTICAL CRACK MODELED IN IT. A COM? UTER PROGRAM

HAS BEEi! DEVELOPED TO DETERMIf!E THE K DISTRIBUTION AROUND THE CRACK BORDER
7

BY USII;3 THE PARK'S STIFFNESS DERIVATIVE METHOD. VARICUS PLATES AND CYLINDERS

'v C0f!TAINING SEliI-ELLIPTICAL SURFACE FLAWS HAVE BEEi! SOf_VED UtiDER VARIOUS

LOADIf;G CONDITIO!;5 WITH ACCURACY WITHIti 8%. OTHER GE0!'.ETRIES WILL BE IN-

VESTIGATED TO DEVELCP A TRULY THREE-DI!!ENSIONAL FRACTURE CRITERION.

THE EFFECT OF VESSEL CLADDING IllTERACTICN ON CPACK INITIATI0t; 0F FLAWS IN

THE SELT-LINE IS EEING EVALUATED.

_

-w

[
'

c v '| l l ''
'
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IMPROVEMEfiT Ill LEFM A!!ALYSIS (Continued ). . .

'm

STATUS:

SOLUTIONS TO LOf1GITUDIllAL SEMI-ELLIPTICAL FLAWS IN REACTOR VESSEL1

BELT-LIriE HAVE BEEfi CBTAIfiED.

EFFORTS ARE UNDERWAY TO DEVELOP SOLUTI0flS FOR CIRCUMFEREfiTIAL SEMI-

ELLIPTICAL FLAUS. .

fit'ITE ELEMENTS METHODS NEEDED TO DEVELOP N0ZZLE CORNER SIF HAVE BEEN

DEVELOPED.

BURIED FLAW ANALYSIS C0".PLETED - REPCRT IN PREPARATION.
*

FRACTURE MECHANICS METHOD FOR TREATIf!G fiOZZLE CCNiER FLAW SEIfiG DE'! ELOPED -
*

REPORT, EARLY 1980. -

L' *
K DISTRIBUTION WILL BE DETER!:INED FOR.SURIED FLc..|S NEAR REACTOR VESSEL7

STRESS. CONCENTRATIONS.

.

* j
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''
ELASTIC-PLASTIC FRACTURE METHODOLOGY

PROGRAM OBJECTIVES:

EVALUATE THE APPLICABILITY OF VARIOUS ELASTIC-PLASTIC FAILURE CRITERIA

TO PRIMARY COOLANT PIPING AND NUCLEAR PRESSURE VESSELS SAFETY RELATED

PROBLEits AND EXTEND, AS NECESSARY, THE METHODS WITH HIGH POTENTIAL TO

ASSURE THAT A DIRECT APPLICABILITY IS EVOLVED.

DESCRIPTION OF PROGRAM:

THE FOLLOWING ELASTIC-PLASTIC CRITERIA WILL BE EVALUATED AND EXTENDED

AS HECESSARY:

A) J-INTEGRAL .

B) CCD -

( C) COA
.

D) PARIS' CUCTILE TEARING MODEL
"

E) T'.!O PARAMETER CRITERIA CCNCEPT

F) GENERALIZED ENERGY RELEASE RATE

G) EQUIVALENT ENERGY / VOLUMETRIC ENERGY RATIO

STATUS:

ELASTIC AND ELASTIC-PLASTIC FRACTURE TCUGHNESS PARAMETERS EVALUATED

FOR SMALL SPECIMEN TESTS - REPORT IN PUBLICATION.

GENERAL FRACTURE CRITERIA EVALUATED - REPCRT PREPARED (PART I).

FRACTURE TCUGH!4ESS OF LOW CHARPY SHELF ENERGY STEELS - REPORT BEINS
- *

PREPARED.

. >Ft
,a ,t / - d,

-
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CRACK ARREST METHODOLOGY-

PROGRAM OBJECTIVE:

DETERMINE VIABLE DYNAMIC METHOD TO PREDICT CRACK ARREST IN NUCLEAR PRESSURE

VESSELS AND APPLY THE METHODS TO PREDICT INTEGRITY OF VESSELS UNDER THERMAL

SHOCK SITUATIONS.

DESCRIPTION OF PROGRAM: -

CRACK ARREST TESTS ARE BEING PERFORMED TO MEASURE CRACK VELCCITY 'AND OTHER

APPROXIMATE VARIABLES FOR REACTOR VESSEL MATERIALS. THE ULTIMATE GOAL OF

THE TESTING PROGRAM IS TO DEVELOP CRACK ARREST TOUGHNESS VARIATION WITH

TEMPERATURE ON IRRADIATED REACTOR VESSEL MATERIALS.

THE CRACK ARREST DEPTH OF LONGITUDINAL FLAWS UNDER PRESSURE / THERMAL SHCCK

LOADING WILL EE DETERMINED. THE BASIC CAPABILITY TO DETERMINE STRESS IN-

TENSITY FACTORS FOR DYNAMIC LOAD-ING OF RAPIDLY PROPAGATING CRACKS WILL BE
k

DEVELOPED..

STATUS:

COMPUTER PROGRAM MODIFIED TO INCLUDE NEW DYNAMIC CRACK ARREST METHCDOLOGY.

APPLICATICNS l'ETHOCCLOGY IS CURRENTLY UiiCER DEVELOPMENT.

METHOD CEVELOPED FCR OBTAINING CRACK ARREST TCUGHNESS FROM SMALL SPECIMEN*

TESTING - REPORT Ui; DER PREPARATICN.

_

/

C ,

_ -. . . . - . .- -

-
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FRACTURE PROBASILITY OF f!SSS CCriPO!1ENTS-
,

PROGRAM OBJECTIVE:

TO DEVELOP PROBABILISTIC Af;D STATISTICAL METHODOLOGY FOR THE ASSESSMEilT

OF STRUCTURAL INTEGRITY Ifi NSSS C0!iPONENTS.

DESCRIPTION OF PROGRAM:

PROBASILISTIC CONCEPTS ARE BEItiG UTILIZED FOR THE DEVELOPMEI;T AND APPLICA-

T!ON OF A FRACTURE PROBASILITY MODEL. THE FRACTURE PROBABILITY MODEL IN-

CORPORATES FRACTURE TOUGHNESS A!1D FATIGUE CRACK GROWTH PROPERTIES, FLAW

EXISTENCE AND DETECTION PROBABILITIES AS WELL AS IRRADIATI0ft EFFECTS.

STATUS:

.

EVALUATION OF PROBASILITY OF FAILURE DURING HCATUP AND C00LDOWN - <10 3
'

k
IDENTIFIED STATISTICAL METHODS FOR OBTAlfiING LdWER BOUNDS FOR FRACTURE

,

TOUGHNESS CURVES.

DEVELOPED METHODOLOGY FOR ItiFERRING INITIAL FLAW DISTRIBUTION BASED*

ON AVAILABLE INSPECTION DATE - REPORT PREPARED.

r-

{'U
i-

f

9

_ .__
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VESSEL HEAT TRANSFER AFTER LOCA TEST,

m

PROGRAM OBJECTIVES:

A) IMPROVE VESSEL THER!'AL ANALYSIS RESULTS (WITH RESULTIiiG IMPROVEMENT

IN FRACTURE MECHANICS ANALYSIS) BY DECREASING THE APPLICABLE HEAT

TRANSFER COEFFICIENTS ON VESSEL SURFACE FOR THE LARGE LOSS OF COOLANT

' ACCIDEilT.
.

B) DETERMINE APPROPRIATE HEAT TRANSFER REGIME (FREE, MIXED, OR FORCED).

C) DETERMINE APPROPRIATE HEAT TRANSFER COEFFICIENT CORRELATIONS TO BE

USED Ill EVALUATION OF REACTOR VESSEL INTEGRITY FOLLOWING THE LARGE

LOCA.

DESCRIPTION OF PROGRAM:
.

TEST FACILITY HAS BEEN DESIG!iED AliD BUILT TO TEST FOR FREE AND MIXED*

k
CONVECTION HEAT TRANSFER COEFFICIEliTS ON THE REACTOR VESSEL INSIDE

,

WALL SURFACE DURING A LARGE LOCA. THE TEST WILL COVER A PANGE OF

FLOW TEMPEPATURES AND FLOW RATES TYPICAL OF WESTINGHOUSE PWR PLANTS

DURING THE LONG-TERM C00 LING FOLLOWING THE LARGE LOCA. EQUIPMENT IS

BEING CHECKED OUT. DATA COLLECTICN TO START THIS FALL.

.

y

' ) \ \
L '*

./s ,

.
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ELECTRIC POWER RESEARCH INSTITUTE

PROGRAMS ON MATERIALS AND CORROSION

.

J. C. DANK 0

PPESENTATION TO
-

MATERIALS SUBCOMMITTEE -

.

0F

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

JULY 10, 1979

WASHINGTON, D.C.

~

ELECTRIC POWER RESEARCH INST!TUTE

'
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PRESENTATION TO MATERIALS SUBCOMMITTEE OF ACRS
.,

'

AGENDA

e PLANT CHE.'11STRY AND CORROSION

e BWR PIPE CRACKING
'

e PWR STEAM GENERATOR

e BASIC THERMODYNAMICS

e PLANT MATERIALS AND PROCESSES

e SPECIFICATIONS AND PROCESSING

e STEAM TURBINE MATERIALS .

e FABRICATION TECHNIQUES

e FIELD OPERATIONS TECHNOLOGY
~ *

e PRIMARY AND SECONDARY PRESSURE BOUNDARY
.

e MATERIALS PROPERTIES CHARACTERIZATION

o MATERIALS RESPONSE CHARACTERIZATION

e ENGINEERING ANALYSES

_

.F
' ' ,7 7

,

'
_- - - .. - -- ._ - --



.

SUBPROGRAM APPROACH TECHNOLOGY
,

Tube denting

PWR Steam Corrosion
Generator

Secondary Water Chemistry

Stress Corrosion Cracking

Materials-

BWR Piping
Welding

Environment

Data Base for Plant
-- B a s i c Operating Temperatures

Plant Chemistry Thermodynamics
and Corrosion Implementation

Crevice Corrosion Rate
--Instrumentation

Environment Corrosivity
.

Causes.

.

( . __ Fundamental Parametric. Studies
! Corrosion
I

Crevice Effects

Corrosion Products

. Stress Corrosion of Disc
! Material
i

:

__ Turbine Corrosion Fatigue of.

Cracking
. Disk Materials
|

| Contaminants in Steam

PROJECTS UNDERWAY 22 TOTAL VALUE "' 18M

PLANT CHEMISTRY AND CORROSION LOGIC TREE

,

.h
*

a

s.
-

y

. _ _ _ - - . _ . _. . . _ _ . . - - _ - _
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SUBPROGRAM APPROACH TECHNOLOGY.

Fracture Toughness

Fast Fracture &
Crack Arrest

Material
-- Prope r ti e s Environmental Fatigue

Characterization
Irradiation &
Annealing Effects

Material Lefect
Characterization

Continuur Mechanics

Primary and Elast icePlastic
Secondary Pressure, Methodology

'Boundary
Plas3ic Methodology

i
1

_ Material Heavv Sectico Failure
Iku/ I Response

~ Analfsis*

Characterization.

Thin Section Failure
Analysis

'
! Probabilistic Fracture
i

Mechan:cs,

i
I
'

Fatigue Life Analysis

! Engineering Fin:te Element
'--Analyses Finite Difference

'

:nfuence Function

PROJECTS UNDERWAY - 23 TOTAL VALUE S 18M

_

PRIMARY AND SECONDARY PRESSURE BOUNDARY LOGIC TREE

, / JJ
.

-

,
-

M

--~ - - - .-.____ _ _ _ _ .
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KEY PROJECTS AND HIGHLIGHTS (CONTINUED)^

e THERMODYNAMICS OF HIGH TEMPERATURE WATER

e CHEMICAL IMPURITIES

e CREVICES

QUSLIFICATION OF COUNTERMEASURES FOR BWR PIPE CRACKING

e MARGIN OF IMPROVEENT BASED ON FULL SIZE PIPE TESTS

e SHOP CONCEPTS FACTOR IMPROVEMENT

e SOLUTION HEAT TREATMENT
'

66
'

L e CORROSION RESISTANT CLAD 66
,

e FIELD CONCEPTS
'

e HEAT SINK WELDING 14.5

e CORROSION RESISTANT CLAD 7.0

QUALIFICATION OF ALTERNATE PIPING MATERIAL

SCREENING PIPE TESTS

MATERIAL FACTCR OF IMPROVEMENT
.

316SS >20

CF-3 >20

tJu
,

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

E
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.

e NO SCC RELATED FAILURES OF CARBON STEEL IN BWR

e SCC AND CORROSION FATIGUE FAILURES HAVE OCCURRED

IN LABORATORY SIMULATED BWR ENVIRONMENT

e KINETIC EXPLOSIVE BONDING OF TUBE TO TUBESHEET
SUCCESSFULLY DEMONSTRATED -

(' s HOT ISOSTATIC PROCESSING REDUCES POROSITY AND

IMPROVES CUALITY OF CASTINGS

o SMALL AMOUNTS OF N IN 304 STAINLESS STEEL IMPROVES
RESISTANCE TO SENSITIZATION

_

-

_ __
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is KEY PROJECTS AND HIGHLIGHTS (CONTINUED)

.

'

e BWR PIPE INTEGRITY STUDIES

e WELD RESIDUAL STRESS DISTRIBUTION VERY IMPORTANT
. .

e LARGE LINE LESS FAILURE PRONE THAN SMALL LINE

e HAZ OF 304 STAINLESS STEEL PIPE WELDS HAVE HIGHER

YIELD STRESS THAN BASE MATERIAL

e CORROSION FATIGUE OF RPV STEELS

e CURRENT DATA INDICATE ASME SECTION XI

APPENDIX A REFERENCE CURVE'FOR GROWTH OF

FLAWS CYCLICALLY LOADED IN REACTOR COOLANT
'

IS NOT ALWAYS CONSERVATIVE-

e DATA SCATTER IS CONSIDERABLE AND NUMBER OF TEST

VARIABLES IS LARGE

e NEUTRON EMBRITTLE9ENT OF RPV STEELS

e U.S. NRC REGULATORY GUIDE 1.99 REV. 1
PROVIDE EXCESSIVELY CONSERVATIVE ESTIMATES

OF EFFECT OF IRRADIATION ON TOUGHNESS

_

%-

4

i

)

_._ _ _ _ . _ . . _ _ _ _
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Alt!AS Of MAJOR Plt 06RAMAllC PitObRLSS

e DUAL [LEMENT UI IRANSDUClit
DUAL ELEMENT 1RANSDUCER FOR 16 SCC

,

e

j e EDoY CuHntNT SIGNAL ANALYSIS

e ULinas0 hic SIGNAL ANALYSIS
,

!

| IGSCC IN SIAINtESS SrEEL Plet
.e OPTIMUM FREQUENCY ESTABLISilED AT 1.5 MHZ

IllEHMAL FATIGUE CHACKS IN N0ZZL ES

llAfttMAftE
{

s 2-3 TIMES MORE SENSITIVE IO 16 SCC INAN CONVENTIONAL '
'

2.25 MilZ IRANSDUCER
e POHIAllLE X-RAY SOURCE

e DIRECT COMPARISON OH [6 SCC SAMPLES FROM
e S1HLSS llEASUHLMEH1 6UNDREMINGEN (KRB) PLANT

- X-RAY

AtcusrtC e WIDEty USED III UNITED STATES
;

tn
4 VEHilICAT10t4/09 ANT |fICAT10N

'''
Paw,UCTION or 16 SCC SAMPLES

1HEnMal Fall 6UE CRACKS
rs s,

.. SIE AM 6ENLHAIOR MOCK-Ul'S
C^

UI CilAHACTEH12AT10N

El 818%g'

6JD:na

7/P3

-S- -6-
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| SIGNilICANCE Of AUIOMllC SIGNAL PR0ffSSING WORK
ui,asoruc auarch

unit at litend sadmas j
-- -~

~ 30 cm pattie APPLIES MNY KNOWN ILCHN010GIES 10 ULTRA 50NIC ISI
-

a /
iN SYSu MAiiC muurR ::e; j -p -

,
~ ^"

ik3zzi S lad tiotch at,

| - PATILRti RtCOGNIT10tl cross secton inner radkaa
_ _

- DIGI TAL IECittil0UES
Amplitude Versus 1kne Power Spectrum

- MICROl>!!OCESSOR perect Signal

- UI PRol'AGATlott filYSICS

- AU10MAI1014

- DATA STORAGE
g g ( g

0 32 64 0 6 toj e ELIMINATES AMPLIIUDE DEPENDENCE va ufu
I

Defect Signal
e INSENSITIVE 101RANSDUCER DIFFERENCES ANil 0 iller NOISE- .

,,

INDUCING llfMS (GRAINS, W0lllilE, EIC.) WM %
/ !

e OUANIllAllVE NID AllI0MIIC UT AND EC DETECTION AND
, , ,

SillNG CAPABILilY o 32 e4 o 6 to
*

F8 Mih

e PORIAllLE, DIGlIAL, PROGRAMMABIL DAIA AC001SII10N
g,3 yypic,i,4i,ason,c waveform sor reneclx>n t,om a 4 mm deep and so mrn song

| AND ANALYSIS SYSIEM '*''h ' '''*d '" *"'d ''*d 8') 8'"" ****'"" *"*' P"'* '"*nu panai and
'

temporal averaging and intering operations A factor of 10 bnptruement in algnal, ,

_ to nolae was observed.

e COSI ElfECIIVE INSlRUMENT -- SOflWARE MODiflAllLEs

e CAPAlllLilY 10 RLCORI) AND STORE fifl0 NDE 1)AIA IN A

l' SiAntiARa, ARCiiivAt r0Rmi Tds) 79 Al
a

t
'

auun U Thb-

,

k-9- _ 10 _



..

.%

ENHANCED UT CRACK OETECTION

^

0.C25 inches (0.6 mm) IGSCC
/

- SEE );5%!k$hsfkf(Mf$Ih{l}k'$k-

nterGround loco
,

- i
Temccral
Average fj ! If
Matcn $ f Y ''# fg f

Filter {

dl | I I I

'2%
Singal

[ Crack g-Detector

1 | | 1

0 10 20 30 40 50 g
, Time (micro-seconds)

Yb*
.

c .,.

.

U.U10 incnes (U.4 mm) IUbUU -

h!hhha$ih)ih!N9hm,ee,dk sSO
meu s e_.e._

'"scike" | r ; Ccunter ccre'

,

Temccral --

~

Average

vat $"p.}|S>Ah4ft[{#Mrfw
i

'

f bi

n r~ er

_

Signal
Cerector

Outcut
i ! :A

0 10 20 30 40 50
Time (micro-seconds) '
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, =.m
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S T At1 D A II D tJ D E I t1 S P E C T I O t1 EQUIPMEllTAI.t1 4000 SIGilAI, IllTEltPitETATIVE SYSTEff
!

l

|

l'o alile Tyl>ewri ter
Ilaiul-IIeld Termina1
Termina1

'% / / y
Pulser,

Long Preamp )
'

tlnd)ilical |
'

,

U ' "" "
Scanner

F Apparatusr

Item to be
,

8 _
Inspected

j
6-*

Terminal
I

Duvice p
Signal Lines' Option f /,
" ""# 99 #/ -

~

I

,,, i do Optional Signal "" # *""
,,,,o.,,,

.
~ Scope Monitoring

for D/A Scopo ,

'Post amp; ,

,

-

-

-

! = ,

scanner'' 3

Controller()
.

.

/

,

SCIIEMATIC OF ALtl 4000 tide SYSTEM ItJTEllFACED TO
' STAtlDAllD flDE It!S P E C T I O t1 E Q U I P M E ll T
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EPRI NDE CENTER
_

/

OBJECTIVE:

o PROVIDE UTILITY INDUSTRY WITH~ DEDICATED

NDE CAPABILITY .

FOCUS:

e TECHNOLOGY TRANSFER

o TRAINING

e iONG TERM RESOURCE DEVELOPMENT.

- PEOPLE .

- APPLIED RESEARCH

s SUPPLEMENTS EPRI R&D EFFORT' -

BENEFITS:

e SPEED TRANSFER OF R&D RESULTS INTO FIELD

QUALIFIED EQUIPMENT AND PROCEDURES

e NO COMMERCIAL BIAS

e MECHANISM TO QUALIFY INSPECTION PERSONNEL

e QUICK RESPONSE CAPABILITY

STATUS:

e BOARD OF DIRECTORS APPROVED 516M, 5 YEAR

EFFORT 5/2/79

e REQUEST FOR PROPOSALS ISSUED
-

e PROPOSALS UNDER EVALUATION

e START UP TARGET, OCTOBER 1, 1979
,

GJD: Rs 1'/ d'"

D
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IMSIC_WDGET - fEQWilCALDrallEfRIfft
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| Illif Elfl C0fflR E1131 ELE EL81 i

! STENi GBEIMTOR JUKS A3110 WL 50 70 -

WR f0ZZLE CIMCKIllG A3122 ML 11 5 - -

PRifMRY SYSIU1 IESfB1SE TO LOCA A6152 INEL 80 70 -

CQffAlfiUlf PIPIfE PEfETIMTION A2006 ANL 60 - - !

FOSIULATED EVDif DEVICES B1191 TELEDYiE 35 - -

SNUBBERSENSITIV11Y B3076 . EIEC 70 - -

:

fE110DS OF CmBINIflG DYil. RESf0NSES A3123 ML 25 - -
-

EVALLMT1010F f%RK 11 SRSS CRITERIA A3311 ML 55 - -

INSUNICE TESTillG Pf0GRNi A6265 INEL - .130 160

4EllAT401-DISPERS!01 'f. !!D- - LUDES. -150- -199- |-

1

GlMRD PI K DESIGN Uf0ES. _ 50 _

. -

[fMD 01GIfMTIONS, STRESS LIMITS - LUDES. 100 120-

;

CRITERIA IIRDUffATION REVIBf - if0ES. - - 150

CODEVERIFICATIONAIMLYSIS - HlL - - 100 :

IUP & VALVE OfUMBILITY/ RELIABILITY - UNDES. - - 150
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TITLE: STEA" 6ENERATOR TU5E IKTEGRTTY - - -

'

~ ~

A3110-9 . .
-.; -

-

,, .

. _ . ,

RACA:, STAP.T: 01/05/76 3ET."It:ATES: 49/.30/SO

BNL OVEGLL FUNDS: - U0,000 FY 79 $50K FY 80 $70 K
.

OC3ECTIVES: .

,

. DEVELOP COMPUTER ASSISTED ELASTIC-PLASTIChRA"TLSE P'ECHM:!CS TECH!:IQUES

TO CHARACTERIZE CRACX INITIATION AC GROLTH AS A FUTCTIO!' 0F LOADING IN

STEAM GENERATOR TUBES.
.. .. . .

_ _ _ __ _ .. ... . _ . . _ _ _ _ . _ . _ . _ .. _.. . _.

ACC0".?LISHMENTS:

. DEVELOPMENT OF NFAP CODE BASED ON LARGE STRAIN THEORY

. DEVELOPMENT OF COMPUTATIONAL PROCEDURES FOR J AttD C00 RESISTANCE CURVES

- . DETERMINATION OF J AC 00 RESISTANCE CURVES FOR INC0f;EL 600

(.-
. WORK IN PROGRESS Oh CIACK 3EITIATICr, AND GR06Tu

. . . . -- .t _

pp,3 lev.5 - -- - - - ' - -

'

., ,

. J INTEGRAL AO OTitER DATA OR SERTICE EIPOSED D%ConEL 600 IS UMAYAILABLE -

IN OPEN LITERATLRI .

L -.

i. . - - f - _-6 .7 Qv--. -- . ., .

- *

LICENSING EFFORT BENEFITS:
- - -

, . g ,. .; ,,..--,---..p_-.

. PROVIDES BASES TO JUSTIFT OR REJECT STEAM GENERATOR TUBE PLUGGING CRITERIA

PROPOSED BY APPLICANTS '

*
__ . . r .

. INDEPENDEhT VERIFICATION OF STRUCTURAL INTEGRITY & DEFECTED TUBES UNDER

_ POSTULATED A'.CIDENT COnDITICKS
'

'- ~-- --

. - - = . - r-- -- e
~ ~

~,=-

__. 1 -
~~

- . INPUT TAP A-3, 4. 5 .
- v. =. . -

..
._

-

. s
,

s
, .

N~ * * " * * M "" ~ ~ * " _ 1* A W
e. '. _% .

''**me v

* * ''. ' . _ _ ,' , *.7 . ,.

~ . ' -~uf+t _ -;-i -l's: 9 3~
~ ' . .-

... . .m .- . .
A _ ...

..

__ . w .__,.m. . . . ..,.e. r W t . !
. o .. , . _ _ u .. -

,

_ .. _._ . ..
, .. ,_.c--
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~
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TITLE: Be FEEIMATER t0ZZE DESIC41

,

s

TJECTIVE: TO PfD/II EB/ DSS WITH llE TE0iNICAL ASSIST #4E tEESSARY

TO INDEPENDB'fTLY EVAllMTE BE t0ZZE/SPARCfR DESIGil

l'DDIFICATI0tG PROPOSED BY G.E.

LICENSITE EFFORT BBEFITS:

IF TIE G.E. DESIGN IS Aateita IT WIll E IJSED ON AU_

tEW PLNiTS.

.

U -

.

.

,-
, . |/,

. L d.i d-----
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TITLE: PRI"ARY SYSTEM RESPONSE TO LOCA EXCITATION-

AElE?

R. MATTU START: 10/01/76 TERMINATES: 09/30/80

If;EL OVERALL FUNDS: FY M - 3SK, TRAS QTR. - 20K, FY 77 - 80K,

YY 78 - X)0K, fT 79 - $80,000, FY 80 - $70,000

.

OBJECTIVES:

. INDEPENDENT REVIEW OF fyPICAL ESSS VE CCRS BY CONTRACTOR

. DEVELOP %NALYTICAL MODEL FCE ICEPEXCE%T YERIFICATION OF RPV SUPPORT AND

O'THER COMPONENT SUPPORTS DJE . O ASY>NETRIC LOCA LOADS.
.__ . . -T

ACCC"PLISHMENTS:

. PROVIDES INPUT TO TAP A-2 FOR LICEXSIE PLANTS

. COMPLETED VERIFICATION W : .

-

NORTH ANNA (i' -3 LOOP)(,

SAN Cfl0FRE 2 (C.E.) _.. . . . _ _ . _ _ . __ _ . . - .
_ _ _. . ...

21WER (G.E. W 11)

. h0RXIE CM

ERIE {5&W)
- _ _ ;. _

. . - . .. . -- -

-

COMMAftCHE PEAK Q-4185P).
- -

PROELEv.5: .

. ER!E & COPANCHE PEAK DELAY Ot!E TO IMEL 3NV00VEMENT IN f ' PLANT SHUTDOWN

. ZIMMER REPORT DELAYED PENDING RECONCILATIONICF RESULTS '(GE s& IINEL)
. . ,

.

'

LICENSING EFFORT BENEFITS:
' -~ - -

.. ,._ , . . . ,
,

!
. PROVIDED JUSTIFICATION FOR THE LICENSING T)F MLL' PLANTS'SUBSEQueWT iTO.

,

-

4.
. . .. ..

IDENTIFICATION OF ASYmETRIC- LOADING-REStitTING:FROM8tDCA
~
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TITE: PIPIfiG C0tEAltfEE FEETPATIQ1 ESIG1
.

'
.

TJECTIVcS: It0EP90BE DESISl FEVIEW 0 WEUE FLLED HEAD PROPOSAL'
.

FOR E PARK-III PLMS FOR PPESSURE, EORNICAL N1D

EERiAL TPANSIBiTS
,

It0EP90ENT REVIEW OF ItEERVIE NDE EBOD,

LICDEIIE EFFORT BBEFITS:

. PROVIDES BASES TO JUSTIFY OR REJECT WELDED PBETPATIQ1

DESIGNS

.

. IfEEPBOB1T VERIFICATI010F E TOPICAL FOR PARK III
L

PIMS
.

o
.; o,

* s

*- -
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TITE: PIE MilP ESTRAINTS "EFFECT T POSTULAED EN DEVICES ON

t0WAL OPEPATION"
,

.

GJECTIE: TO PROVIDE TE STtfF WITH A PEfHOD OF ASSESSITE TE

EFFECT OF PIE WHIP ESTPAltES NO IMWilC PDTION

SNUBBEPS W EE POR"AL OPEPATION OF A PIPITE SYSTElt

NO WIE A PROPOSAL R)R TEIR C0fEltLED LEE

- LICENSItG EFFJRT BEPEITS:
-

. WILL EMBLE EB TO EVALLRTE COSTS /EBEIT PATIO

I.E., PED ADVEPSE thrus DURItE t0WAL OEPATION

VS. PROTECTION PROVIDED DURItG POSTULATED EVENTS.

L: .

. WILL RESULT IN EVISI0t6 TO PROTECTION AGAINST

POSRILATED EVENT CRITERIA WITH ASSOCIATED SRP

EVISIONS. ,

. PED CRITERIA EVISIONS TO MINIMIZE ERS00fEL

PADIATION EXDOSUE IN EPFDRiltE ISI.

_

b

N '

[
_

. _ . ._.. _ __ _ 1-
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TITLE: SNUBBERSEGITIVITYSTW(
-

OBJECTIVE: DEVB_0P SIFPLIFIED PUL5 TO ASSURE Ih?WilC ESPGEE OF

SNLEBER SLPPORTED SYSTES IS C0f6ERVATTELY BOUT 0ED

LIEIGItE EFFORT BSEFITS:

. ORIGINALLY PART T TAP A-t3

. WILL STAT 0ARDIZE TEATPDE OF SIUBBEPS IN SYSTEi PDDEl.S

. WILL IDBEIFY PARGIRAL CCt0ITIGS IN EXISTItG StLSBER

FDDELS ATO QUATEIFY EFFECT M T SPECIFIC St M
'

PAP #EIERS PLAY

L
,

_

f &
I r/ en ~ #

- . . _ . _ _ . . _ _ . _ _ _ _ __ _ _ _ . __
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f: T171
..

TITLE: COM.3INATION OF D W XIC RESPONSES^
.

A3123

HCU START: 10/01/78 TU'MIKATES: 09/30/79

BNL QVERALL FUNDS: 95K (FY 79 ONLY)
.'

.

MJECTIVES:

. DEVELOP REGlat.ATmY POSITION es tESpouSE CDCINATION METH000 LOGY

. DETERMINE ACCEPTASILITY & LIMITS ON SRSS

ACCOMPLISW.ENTS:

. PARAMETERS GOVERNING CHARACTERISTICS OF RESPCRSES IDENTIFIED
. .

. TECHNIQUES USING KETE-CARLO, ENERICAL SOLUTIcetS & CLOSED FORX SOLUTIONS

CEYC.LCPED

'

. SE'tSITINRY STUDIES COMPL*.TD '

. . WORKIrtG JN *-

U
---.

Fl?tAL PM*dE - RECOMMENDAGMS ON h.m5E COMBINATION MITERIA

PROBLEMS:

. DELAY & ADDITIOMAL FlMDING CASEI BY DIFFICULTY IN OSTAINING DIGITIZED

J.AL SIGMALS :, q * ... .. ..- . . - - e :
~ '

..

,

. It0W FROGRESS IS EXPECTED ON SCHEDULEj ,

LICEKSING EFFORT BERCFris:

. WILL PROVIDE BASIS FCE CETElelEG ER/W TEDa ICAL POSITIOKS

. WILL PROVIDE GUIDAJtCE FUt M* ICMTS TE CD'EDIDIG UTTIMtIC RESPONSES

WILL EIPEDITE PLAhT EEVIEW, ESPECIALLY FINtC-II PURT5.

.
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TIT 1.E: EVALUATIG1 (F PAPK II SPSS 100 CTBItMTION CRITERIA
\

OBJECTIVE: DETENIIE ACCEPTABILITY, ADEQUACY, AiG LIMITS OF TIE

PROPOSED W3 KBEEDY/IEWA9K CRITERIA

LICSSI!E EFr0RT FSEITS: EXEDITE FAPX II PLNIT REVIEW

.

O

.

/ +

ku

._. - - _ _
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TITLE: REVIEW 0F PUMP AND VALVE INSERVICE TESTIt.3 F905 RAMS

,

JU5TIFICATION: NEW AND SIGNIFICANT DEMAND FOR DSS RESOURCES WHICH

_ CAMOT SE :EET AT.CUiGI%i 4F. PP/;JECTES STAFFING LEVELS.
e

0 EJECTIVE: OSTAIE EXP3.RT TEC':NICAL SUPPORT TG ASSIST STAFF BY

CONDUCTING CETA.tED REVCSWS OF IST PROGRA'G AND

PROVIDE DOCUE GED BASCS FOR SER 0:t SER SUPPLEMENT.

ESTIMATED COST: FY 80: $130,000 IFY S1: 516C,00D

DURATION: AUGUST 1. I D DURATHX tsiJuuO11NED . .

_. . . . __ . . . _ . .

SCOPE: . VERIFY COMPONENTS LISTED IR IST PRCGM AND PLID

ARE CORRECTLY IKXTIFIED.

. TERJFT TERT Di.TES ARE CATEGCRIZED ACCMDING TO i

.ASME CCDE EALE CATEGCRY DEFINITION. ;

C I
. REVTEW iK>TS FOR RELIEF REQUESTS TO ASSUP.E THAT

'

.

. . . . t

*EQUESTS ARE CLEARLY JUSTIFIED ON THE BASIS OF ;

i

3MPRAC'03CALITY CR UxDUE RARDSHIP. !

l
. EC'JMEtCT EST F20 GRAM REYIEW PROCESS AND BASIS FOR :

.

I
, . - g:q g g gf- ' . . . . . . , . . . - . . . _ . . _ ;.,

I
.

,
. . ,

BLCGET DECISION CAT.- 4.h - CASEiCE:t. 0.1.. ,

i
I

'

. . y
..

.e. w

I.

!
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m TITLE: DYtiAMIC RESPONSE TO PIPE BREAK InSIDE THE GUARD

PIPE
. .. .

JUSTIFICATION: . CtFIENTLY, A QUANTITATIVE SASIS DOES NOT

EXIST W JUDGIsr mE EFFECTIVENESS OF A

GUARD PIPE T0 Pl.PI EIP & JET IMPINGEMENT.
'

NP tEQUIRES ONLY DESIGN FO:i PRESSURE &--

TDPERATURE.

. APPLICANTS ARE POSTULATIM DESIGN BASIS PIPE

" '

BREM:S TO n'0ID INSERVIEE INSPECTION OF THE .

PROCESS PIPE WELDS.

OBJECTIVES: . PRCTIDE DATA BASIS FOR DEVELOP!% CRITERIA

GN CONTAINMENT PENETRATION DESIGtt i
1

. OETERMINE THE NEED TO PERFORM A RISK ASSESS- i(.
'

_. .. HENT ON THE USE OF GUARD PIPE IN FUTURE
i

E RK i

.

ESTIMATED COST: 50K (FY-80 DNLY)
.

.-

DURATION: ~10/0T/79 % 09(3:fr
.

.

SCOPE: . BASED QN PERENTI0r: DESIGMS IN PWR & BWR

61AtiTS, SELECT Cr:E GOVERMIE CASE WITH SPECIFIED

PAZR SESIGE PARMETERS. -

. EE1ELOP A FINITE-ELEMENT P00EL OF THE GUARD ,

,
FIFE FOR THE G0YJtXIE CASE

!_. . .

. PERfCRM A DYUMIC AMLYSIS & CALCULATE STRESS !-. .. .

!
~'

DISTRIBUTICM II TIE GUNtD PIPE WHICH RESULTS I'

t.. ; - - -

|._ - .

g{{.hINma
ram xT wtxaoexT a e

-

Ql L !
~ ' '

- -

t
.

m .
.x. . . . . . .. ._ .

_
~

''
- .

. " a.d? . . s~,..-.: . ._ .
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TIT 1.E: IM#ilC l#DS, DYtMTC ESPQGE C01BItMTI0f6 NO STESS LIMITS^

GJECTIVE: FORPWR'S& PAR'SDEVEI.DP:

. ACCEPTASLE LICE 6ItG STNNS FOR IMWilC LG0ltEl

ESP 0fGE CEMBItMTION EQUIP 2BES ON AU. SAFETY RELATED

A9E III, DIV.1 CRISITS .

. A QUNEITATIVE FETHODOWGY WHIG CN1 EASURE TE

SAFETY SIGNIFICNE CF TE ABCE EQUIRB'BES

WORK SCOPE: . ESTABUSH ACCEPTABl.E SYSlBi t0DELS (L C.E., BPA & G.E.)

WHIG CAN ILLUSTRATE QUNEITATIVELY TE miTRIBUTIm 0F

ANY A9E III COMPGBE STRETUPAL FAIUJRES T0 (NEPALL
L

RISK TO TE PJBUC FPG A S CIFIC C&tEPCIAL NUClfM
-

POWER PLNE. THE ItFWENCE'0F ALL SUG C0 TRIBES

WHIG FMY BE IDIED SIF1JLTNE00 SLY IS REDUIED.
.

. SPSS STNOMDS: ASERTAIN TE lf0ERLYItE REASGS FOR

LARGE VARIATION OF SPSS tG EXsE PROBA3ILITY

VAEES.

. PIPING DESIGN OPTIMIZATION: EFFOR4 PPE_IMIfMRY

NCLYSIS OF A TYP. SIFF!I PIPItG LOOP TO EVALLWIE

lE TPADE OFF BEiEN STRETLPAL RIGIDITY RE9JIED

FOR EXTPSE DYtWilC tmDS NO FLEXIBILITY tEDED FOR

?0R 00MNOR'AL TE??AL E)?NGION AS THEY AFFECT 0/EPALL

CGP0tefT ELIABILITY.
L ca.

.v
_ . _ _ . . . _ _ . __ _ _ _ . . ___ _ _ _ . _ _ . . , _ . . _ .
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. TITE: CRITERIA IFPLH E RATION D IEW

OBJECTIVE: TO OBTAIN TE0iNICAL SUPPORT TO ASSIST M STAT IN TE

BIEW NO EVALLRTION OF (1) E0iANICAL SYSTEFE NO

01P0tSiTS NO TEIR SUPPORTS NO (2) BiE QUALIFICATION

OF ElICTRICAL EDJIREE NO TEIR SUPPORTS

WOPK SCOPE: FOR EA0i APPLICABLE PLANT:

1. REVIEW IESIG1 PROCEDURES NO NMLYSIS RESULTS FOR

DESISMTED E0iANICAL SYSTES NO ASSESS TE

Sk tlY PARGIN CF E E DESIGN.

2. BIEW QUALIFICATION PROCEDURES NO RESULTS FOR

V - DESISMTED EGANICAL CEMPGeES NO EECTaICAL

EDJIREE SLEUECTED TO VIBPATOPY LGE FPm

POSTULATEDEV2US.

3. EVIEW DESIGi ADEDUACY CF E0iANICAL SYSTEM NO

C070Sfi SUPPORT ISSUES INCUJDI?E 18E BULETIN

79-02, " PIE SLPo0RT BASE PLATE DESISE USItE
'

C0tlCPSE EXPNSIGi AN0iOR 3CLTS"

I4. AS A PART OF NDE EVIEWS, ASSIST STAc? IN WETItES

WIBi AoPLICNfiS, EC0FTED SER ItPJTS, PARTICIPArt

WITH STA:F IN ACRS WETItES NO PUBLIC EARIfES.

'[naq,

,

.

-. ww e -we.- - . - -- - . . .a - - - . . - -
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'' ITLE: CODE YERIFICATION Iw?LEwE*TATIOt Af;D'

CONFIEV.ATORY PIPING SYSTEM AkALYSIS
i -

JUSTIFICATION: NEW A%D SIG%IFICANT DEMAND FOR DSS RESCURCES

WHICW CA420T BE MET AT CURRENT OR PI:0JECTED

S T AFF L E V ELS .

OBJECTIVE: BBTAIN EXPERT TECHRICAL SUPPORT TO ASSIST THE

STAFF IN PERFCRMING CONFIRMATORY STRUCTURAL

ANALYSIS cf SAFETY CLASS PIPING SYSTEMS
. -. . . . .

SUBJECTED TO STATIC AND DYNAMIC LOADING AND

REVISING ITS STARDARD REVIEW PLANS TO PROVIDE

FOR IMPLEMENTATION.
.

( STIMATED COST:
C FY St: 5. 20,000 -

'

FY S1 $ 100,000-

.

~

DURATION: STARTING OCTOBER 1,19 79, EUR ATICN=UNDEIERM F4E0

SCOPE: e REVIEW BENCHMARK YERIFICATION bF APPLICANT'S

.. ' AND LICENSEE'S PIPlNG COMPUTER PROGRAMS.
'

e SAR SUEMITTAL BY APPLICARTS AND LICENSEES OF

SELECTEE PIPING PROBLEMS AND STRESS REPORTS.
.

e C&tSTEPCTION OF RODEL FOR COMPTUER ANALYSIS

e SOLUTION OF PROBLEN UNDER STATIC AND DYNAMIC
~

LOADING ---

9,-
. < c

. TMs REVIEW A3C COMPARISON WITH APPLICANTS AND
, _

LICER$EE'S SOLUTIONS AND STRESS REPORT
- . . .; =i &. + . :. : ..:...- :.. ~: D

e '00CUMERTATION IN SER. ' i 3, J l 1_.
'

- - "
- . _ - _ . . . - .. - - - - - - -

_ . . . . - -. --. - -
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TITLE: ULYE/' PUMP FM!LN/RELIASILir/ WITH POSTULATED /

. NORM;i EVENTS (PHASE I)
. .., ,.

.

. .

JUSTIFICATION: CURRENT PROGRAM IMPLEMENTATI0tt MS NEVFR BEEN

SYSTEMATICALLY EVALUATED TO DETERMINE NEEDS AND

CURRENT CAPABILITIES AXD KTH005.

SCOPE: (1) REYIEW SJ3T OPERATIE EVENTS

(2) ETER*IEE OPERASILITY/ RELIABILITY NEEDS
.. . .

J .(3) SELECT REPRESENTATIVE YALVES AND PUMPS -- - ---- - .---

.

(4) RETIEW DOCUMENTATION AND TESTS OF SELEd'ED
.

ITEMS
~

- - (5) MTEEMINE LEVEL OF OPERABILITY / RELIABILITY
. . .. .

. s..

JSSURL*CEASDELIVERED, ,, , ,

'

('.--.---..
. . ..

.(6) PRESENT RECD 91ENDATIONS FOR EQUATING (2) ,
,

... .,. . . - - n .4. .,. -- ",. .. .. .-- . . . . - . . . . - . . .

,, - 'AxD (5) -

..
...
. .

. . . .

ESTIMATED CCST . . . ' < TT 80 - 50K .

--

~ ,

f. OtF. ATION: - . FT 81 - 150K. _,
- .,--ww-,--,..:..,-.+~,.- . . -. . -. . . - _ . -

' , -.

.: ! ==,2.; ,M. x. .**,c c ,1, . . , ,e M .,. ,
.. ,. . . , . . . ... ,. ., i . ..

-< . . 4. r .n . , . ..: ~--
. .

BUDGET DECISION CAT.: 4.i CASEWORK,LIC. IW .
.

NOTE: PMSE II 0F THIS PROGRAM IS AETICIPKTED TO CDKTIM,'E AT APPROXIMATELY

75-90K TO ASSIST STAFF II DFLEMENTIE PROGRAM FOR AT LEAST FY 82 -
.

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

FY 85. -

.-. $.. ~ . _ < . . _. . .

.
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ENGINEERING BRANCH
/ DIVISION OF OPERATING REACTORS

^ TECHNICAL ASSISTANCE PROGRAM
FOR FISCAL YEAR 1979

CONTRACTOR FY 1979 FUNDING

LLL 355K

EG&G 330K

BNL 175K
--

PNL 155K

SANDIA 105K

NRL 70K

WASH. UNIV. 44K

ORNL 30K

ANL 12K
~

(..
.

TOTAL $1,276,000

1
"
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j LLL TECllfilCAL ASSISTAllCE C0fi1RACTS ''

.' ''

h ''

| |
,

I PRUGlWI TEClifilCAL C0fiTACT FY 1979 fullall(G

| DUCKLIf4G OF ()YflAMICALLY ,

f LOADED COLUMilS K. llerring 75K|
! VERif! CAT 10ft Of MARK I

>

| DYilAMIC H0DELillG J. Fair 180K.

'
- SUPPORT FOR 00R .

SEISMIC' REVIEWS K. lierring 100K
'

''
,

!
a

! 355K
I

e .

.

|

|

- .

e

G

*s

*1

,
,

-.

'
'

ri ,,
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*
I' .
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|
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EGLG TECiltilCAL ASSISTAtiCE C0tiTRACTS

PROGRAM TEClitilCAL C0tiTACT FY 1979 FullDit1G

PWR CASE WORK
FOR ASYM LOADS S. llosford 180K

| RPV tiOZZLE BREAK
OPEriltiG TIME 5,llosford (LaGrange) 25K

;

COMultiltiG INELASTIC
DYt1AMIC RESP 0tiSES S. Ilosford 30K

MECllArilCAL RESP 0tiSE OF
OPERATIf4G PWR PRIMARY SYSTEM S. Ilosford 20K

'

SEISMIC PIPitiG SYSTEMS REVIEW
0F S SilVT-00Wri PLAriTS S. Ilosford 75K

.

330K

.

v%

~

"m

4

%

Y;, -
.
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PflL TEClittlCAL ASSISTAt1CE C0t4 TRACTS

FY 1979 FUNDIt1GTECilNICAL C0t4 TACT/It0GliAM

l
INSERVICE INSPECT 10ti AtID 125K'

ItiSERVICE TESTit4G PROGitAMS
C. Y. CllENG

'

PIPE CRACK STUDY GROUP 30K
C0tiSULlANT W. IIAZELTON

ISSK

.

1

.

I

i 71
-
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,
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. ,

SAtlDIA TEClittICAL ASSISTAtlCE C0tlTRACTS .h4
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RESEARCil STl! DIES
,

STARf fil)E RESEARCll AllD SG TilBE CilAllACTERIZAT10ll SlllDIES Ill SPRiflG Pal illlli.E SG ISO

lil TEMPORARY STORAGE.
+

0 SI arf RESEARCil PROGRAM - MARCll 1981:

- VALIDATI0ff 0F IMPit0VED flDE 'IEclifil00ES AND DEVELOP 11F.f1T OF liiPROVEI) 11 S F 11E ll10DS.

- 1)EVELOPi1EllT AllD VALIDATIO!1 0F IMPROVED STATISTICAL MODELS i nit l '; l '; AllPl_IllG Pl. Alls .

- DEVELOPMEf1T/VALIDAT10ll 0F TUBE PLUGGillG CRITERIA.
i

- VISUAL, CliEMICAL AtlD METALLURGICAL CilARACTERIZATIOli 0F DEGRAl)Allotl AflD DEGRA!)Afl0ft
'

PRODtlCTS - DE TEllMillATIOli 0F CAllSATIVE DEGRADATIOff PARAMEli RS - I lil'ROVI' MEN T Ill

MECllAlllCAl./TilERfiollYDRAULIC DESIGil AND WATER CilEMISTRY.

- VALIDA fl0ll 0F TultE iluRS T, Col. LAPSE AllD l_EAK itATE PREDICTIVE hoDilS FOR SERVICE

DEGRADED Tulles.

t -

- VALIDAT10ll 0F PREDICTIVE MODELS FOR SCC OF SG TUBES.
_

- VALIDATIO!! 0F CllEMICAL Cl_EANING AllD DECONTAMIilAfloll PROCESSES /I'ROCEDilRES, Cor!F I Rf1Ai !Of f

~ OF MECliAlllCAL IftlEGRI,1Y FOLLoulilG SUCll TitEATMENTS, AtlD 11E~ll.RMill Al loil Of 1.0!lG TEltil ,

!

FFFECTS (CitEVICE CORROSlott, SCC, ETC.). ,
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