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1 (Slide)

2 Now, usually profe_ssional judgment is always

3 incorporated in any analysis i a rather informal way. A

1 4 bunen of people sit around a table and pick a stress drop or

5 they look at epicenter maps, and they say, wall, the future

6 loao has got to come from -- there are many complex issues.

7 There is a way of incorporating expert opinion into the

8 analysis.

9 This technology is calleo expert opinion

10 solicitation, and it has quite a precedent on a number of

11 relatively significant projects. For example, the USGS has

12 for the last year funded internally a research project to

13 assess the seismic nazard in the San Francisco Bay area and
/s

(_) 14 a t cities around the New Madrid region, and that project for- !.
. _ -._ 1

15 merly 'recuired exdert opinion from ceolocists and seismolacists ,
16 Their opinions were synthesized and integrated

I'7 into the nazard analysis. The USGS has also for a long time

18 had an expert opinion based project assessing the oil and

19 gas reserves of the United States, and they do this in a

20 questionnaire sort of format.

21 They seno out a questionnaire to each of their

22 branch of fices asking the geologists there to provide point

23 estimates of wnat noloings they think are undiscovered in

(') 24 their region, ano these things are synthesized again back in
v

25 Denv e r , and basic policy oecisions are maoe on that basis.

_
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("} 1 The Bureau of Reclamation instituteo a study asV
2 part of the Auburn Dam Project, looking at the seismic

3 hazards. That, too, was based on expert judgment or expert
O

4 opinion. Finally, the Department of Energy has used experts

51n assessing the safety of undergrouno depositories for high

61evel nuclear waste with a design life of one million years,

7 clearly something that requires substantial expert opinion.

'

8 All these projects have formally ' incorporated

9 expert opinion.

10 L(Slide)

11 Now, I am not a social scientist; I am an

12 engir !r. So it was with a lot of thought that we began

13 considering soliciting expert opinion for this project.

() 14 Things that we considered were the complexity of the

15 problem, the sparsity of the data, and the uncertainty.

16 It was on that basis that we decided -- it turneo

17 ou t to be a keystone of the project -- to solicit the expert

18 opinion from two groups of people thus far. I will go

19 through some of tne details.

20 The first and most important group whose opinions

21 we solicited were a group of ten seismologists. There is a

Z2 variety of ways that one can solicit expert opinion or

23 judgment , and which of these a person picks depends upon the

(} 24 scheoule ano the budget and various things like that.

25 A very straightforwaro approach is a questionnaire

O
.

ALDERSON REPORTING COMPANY, INC, .

300 7th STREET, S.W. REPORTERS BUILDING, WASHINGTON, D.C. 20024 (202) 554-2345



-.

.

3Dj''

,

[}
1 approach, if it is properly done, ano this is what we

2 elected for this project. We developed a questionnaire and

3 we sent it out to ten well-known seismologists. I will, ()
4 review them and their credentials in a moment.

5 It was a carefully considered questionnaire,

6 designed first of all to make it as simple as possible for

7 them to answer it and to have scientific appeal to keep

l 8 their attention during the question and answer process. We

9 included in the questionnaire a question booklet. There

10 were 50 questions we asked, and I will give you some

11 examples in a moment..

12 We provioed each of these individuals with a data

13 b a s e , and we acknowledged that it was one of many, and that

) 14 if they had their own data, they should feel free to use it;

15 that if they qualified ours, at least we presented it in a

16 form that they could extract substantial information from
,

17 very quickly.

18 It incluoed quite a few maps, and I will give you

19 examples of those in a moment ~. We gave them an answer

20 bookle t on which they submitted their answers, and the
;

21 answer booklet provided them with numerous aids like

Z2probacility paper and transparencies and things like that.

23 (Slide)
~

(]) 24 Selecting the experts was carefully done. We spent<

25 quite a lot- of time looking at all the candicates who were

O
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1available, and I would say that we considered, either{)
2 formally or informally, virtually every well-known

,

3 seismologist in the Gastern United States.i

()'

4 In the end, as a function of the person's

Savailaoility more than anything else, we came down to

6 selecting these ten experts. Their selection was in partr

7 driven by -trying to find a cross-representation, so they

8 come from various organizations, universities and industry.

9 The original design was to include USGS, but they would not

10 pa rticipa te.

11 There are specific credentials. The names will be

12 familiar to most of you. The one thing they all have in

13 common is being well-published and well-recognized for

() 14 various aspects of earthquakes in the eastern United

15 Sta tes . Their background spans a spectrum from clas,sical
,

16 seismology and observational seismology to theoretical

17 seismology ; and to that extent we got a particularly diverse

18 g roup .

19 Something that many of you will probably be asking

2Jright now -- and I will tell you I am going to be talking

21 quite a bit about it -- is what we did with each of these

22 answer booklets, and in particular, if we ranked these

23 expe r ts . I will tell you about that. But let me say that a

[]} 24 key to the project was anonymity.

25 We have calculated results based on each of these

;

i
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(]}) 1 experts' judgment, but the answers are indexed in a way that

2 a person cannot go back and figure out which expert's

3 opinion reflects which response sector. So anonymity was-

'#
4 rather a key to the openness that we experi neeo from the

5 experts on this project. -
<

6 (Slide)'

7 The questionnaire hao five parts to it. The first

8 part was on zonation, and I give you here an example of --

9 in fact, it turned out to be the first question in the

10 questionnaire . We did everything we could to minimize

11 introducing a bias , to eliminate introducing a bias into our

12 question process. We tried not to preconceive anything.

13 So, for example, we did provide some maps, ano I

O(_/ 14 will show them to you in a moment. But we asked the experts
!

15 to consioer these maps, to weigh them, but to add other

16 zones , to subtract our zones, to modify our zones in any way
4

,

17 they felt was appropriate, and to indicate their oegree of
|

18 belief in each of the zones, both ours and theirs.

19 Tnis introouced an interesting aspect to the

20 problem. If a project attempts to do anything, it is to

21 characterize and carry along all of the uncertainty of any

22 seismic assessment. It attempted to do this quite honestly.

23 The fact that we have asked each expert for his opinion as

() 24 to the zonation of future earthquakes around, for example,

25New Madrid, and he comes back acknowleding our zones and

b4
\/
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(>) 1 adding some of his own, basically allows us to do an

2 analysis with what you might call fuzzy boundaries. That is,

3 we do not have to say that future earthquakes around New
O

4 Madrid are going to be restricted to a very specific

5 geometry on a probabilistic basis.

6 The analysis accounts for the likelihood that

7 earthquakes could migrate up the Wabash Valley, or it

8 equivalently accounts for the f act that future earthquakes
'

9 might be tightly constrained to a very local structure like-

10 the New Macrid area.

11 So in that sense, I think this is one very good

12 example of honestly dealing with the uncertainty'. I think

13 you will be interested in the way that this uncertainty

() 14 manifested itself in the results.|

15 (Slide)

16 The answers we got back were rather startling to
,

17 us a t first l's the way they honestly characterized the

18 unc e r ta in t- in zonation. What I would like to show you here

19 are some overlays of this zonation. What I show you here is
!

20 a transparency that has been slightly modified, and that
1

21 genera ted by Hadley and Devine. It is a USGS map of the
1

l22 Unitec Sta tes. I do not know if you can see it well here, !

23 bu t there are various shades of zones. |

(~} 24 There is a dark-bounded zone and a light-bounded
-

25 zone . These represent a possible zonation for the eastern

|

(')/ |
A-

1

I
- .
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(~)T 1 United States, specifically designed to stimulate thei.r
u

2 thought process, not to encourage tnem to enoorse it.

3 Every question we asked them that referenced this

4 map, we reminded them o f that. We provided them this and

S asked them to modify the map in ways they thought might be

6 appropriate.

7 (Slide)
8 So, for example, here is one expert's response.

9 This happens to be Expert 3. He rather substantially

10 modified our maps, as we expected. He filled in a couple of

11 zones around Piedmont. He extended New Madrid. He looked at

12 tne northern boundary and modified it and modified
;

-

13 Charleston quite a bit. Associated with this, he assigned a

'' 14 degree of belief to each of these zones, again giving us the

15 ability to shade the zonation, not let it just be black and

16 white insioe a particular region or outside.

17 That is only one. That is Expert 3. If I add a

18 f e w more experts to this map, you will begin to see a spider

19 web develops of results that perhaps do not leave one too

20 encouraged as to how this process mignt end, in that it is a

21 very explicit indication of the uncertainty in zonation.

22 One expert, for example, has accepted the fact

23 that all earthquakes in the eastern United States should be

() 24 unconstrained , that they can migrate up and down the coast.!

25 That has' been included in this analysis.
.
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O i otner experts ser enet the ener1eston area ouont

2 to be tightly constrained, and therefore both

3 interpretations are presented on these maps and therefore

4 will be carrying through the analysis. But certainly one

5 would get the feeling, looking at this, that when

6 uncertainty is formally included in.an analysis, the results

7 will be unacceptable, too high or sometning.

8 It was very interesting what happened.;

9 DR. TRIFUNAC: I think it is a little bit off.

10 DR. OKRENT: Otherwise, somebody moved the

11 Charleston earthquake. It didn't include Charleston any

12 mo re .

13 (Laughter.)

14 MR. WIGHT: I believe that was the zone the expert

15 p rovided . In many cases you will see where a person has,

16 baseo on some other evidence, come up with different zones.

17 DR. SIESS: Is it 16 you are talking about?

i 18 MR. WIGHT: I think it is 24. .

19 (Slide)

20 DR. SIESS: Does there seem to be agreement in the

21 open spaces? I don't see anybody putting a circle around-

22 Chicago.

23 MR. WIGHT: Not on this map, but I tell you what: I

O 24wi11 9et your ettention even more end eed e few more of

25 tnese .

O .
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]! / 1 (Slide)
2- There is one more, but it is not too important'.

3 You can see, with regard to your question, the central

4 United States, a variety of alternatives have been presented;

5for, in some cases conventional, and in other cases not

; 6 widely accepted. Michigan is a zone that has been specified

- 7 by one or two experts and not by any of the others. I think

8 various experts accountea for it explicitly in including it

9 or not including it.

10 There were earthquakes that occurred up there

11 during lo06 related to mining activity where you see no

12 zones . The questioning and the answers we got explicitly

13 accounted for the fact that there should be a background
..! O-| 14 zone of seismicity. There are regions of dif fuse, perhaps

] 15 low-level seismicity which one cannot treat with precision

16 tha t one can treat Charleston or New Madrid or the Cape Ann

f 17 regions .

18 So there were earthquakes accommodated by the

i. 19 experts and included in our analysis where you do not see

20 regions specifieo by them. Now, when I used the term " fuzzy.

21 boundaries" earlier, I was not trying to make a pun; but you
!

22 can certainly see that for'some of the well-known regions

.23 there are fuzzy boundaries as specified by these experts.-

!O 24 we used tais iaformetion to two wers- we used it

i 25 to form the analysis. We treated it in two ways. First of

O
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(]) 1all, we accounted for the fact that the experts' degree of

2 belief in the various zones allowed for the fact that
3 earthouakes could occur outside the region specified by

4 them. Therefore, for completeness and as part of a trial

5 run of this, we specified for each source region a
'

6 background zone.

7 There was an overall regional background zone that
'

8 I referred to earlier, but for each source region, there is
!

9 a source region base background zone that represented the |

10 envelope of all the experts' specifications. The

11 earthquakes that were alloweo to occur out in that zonal

12 background region were determined by the degree of belief

13 each expert had in his zones and ours. I

14 Of course, earthquakes were considered to be
,

15 constant in, for example, the New Madrid region; that

16 basically we were talking about how earthquakes were allowed
'

17 to migra te .

18 OR. SIESS: I missed a point earlier. Were those

19 zones that you had and they put on dif ferent intensity

20 zones, or was that part of it?

. 21 MR. WIGHT: That was part of it. They were not

22 dif ferent intensity zones. They were zones in which the

23 experts felt future seismicity would be uniform without at-

() 24 this point specifying the level of uniformity.

25 DR. SIESS: But in some way related to past

()
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(]) 1 seismicity, presumably.

2 MR. WIGHT: Possibly, but not necessarily. We

3 explicitly asked the experts, and I called it out in an

4 earlier Vu-graph, to include all indirect information they

5 felt was appropriate in that assessment which might be

6 seismic gap related or geophysically related, such as the

7 arch structure unoer the central United States.

8 In a moment I will talk about the seismicity
|

9 models appropriate for each of these regions.

10 (Slide)
11 The next part of the questionnaire asked the

12 experts to deal with a maximum possible earthquake they feel

13 could occur in each of the regions, both their region, the

14 one we specified and we provided to them -- we certainly did

15 not specify -- and their region, the one that they answered

16 back to us with. ;

l
17 Second, we did everything possible to minimize '

18 potential biases in our solicitation. So, for example, we
1

19 gave every expert the option to provide answers in the sizeo |

20 scale he felt comfortable with, whether it was modified

21 in te nsi ty , local magnitude or whatever.

22 As it turneo out, all experts responded in terms

23 of Dooyweight magnitude or modified Mercale intensity. It j

() 24 was split 50-50. There were five each way.

25 Here is an explicit call, an appeal to the fact I

O
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(]) Ithat since we are trying to assess future seismicity, we
,

2 want the experts to appeal to all appropriate information.

3 Now, there is an entire technology dedicated to
'

4 solicitation of expert opinion, and we capitalized on this

5 to the extent possiole. One of the basic ground rules of

6 any solicitation technique is to try to ask questions

7 redundantly to check the experts. That can accomplish two

8 things. It can provice an absolute check that one might use

91n a ranking scheme. We did not do that.

10 It can also keep the expert thinking. When he

11 realizes, perhaps, that he is being asked the same question
,

12 two dif ferent ways, he will De a little more careful in his
4

j 13 answering process. It might reveal a dimension of the

14 question that he had not thought of before.

15 For example, one question that we asked the

16 experts was a very inoirect reoundant question: which of

1'7 the two time periods,150 and 1000 years -- within the next

18 ten years, the largest that occurs in the zone -- now would

19 you change your answer from the previous question? It is a

i 20 very, very simple way to look at the answer to that and

21 assess it.

22 It turned out fifty questions are quite a few, and

23 the experts only had abou't three days to answer these

() 24 ques tions . So that I am not sure that they actually had the

25 time or the interest to go back over these questions.
:
;

.
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tR 1 (Slide . )
,

\_/s er
tl 2 Seismicity models, this turns to the question that we

bfml 3 had earlier as to the level of activity appropriate to each of

O 4 these source regions. This was the third part of the question-

g 5 naire.
8
@ 6 We asked the experts to evaluate the quality and
R
$ 7 completeness of the recorded earthquake data base to represent
E

k 0 future activity in each of those regions. By completeness, I
d
0; 9 mean, of course the fact that large earthquakes of, say, inten-
?.
g 10 sity IX, X, XI, or XII, are presumably complete over a long
_M

$ II period of time, probably 2, 3, or 400 years.
M

N I2 V' ereas , intensity V, VI, VII earthquakes are

() 13 complete due to population bias or not being experienced or are
=
m

5 14 complete over a much shorter period of time.
$ l

{ 15 We ask questions here, and in all other parts of the
=

f 16 questionnaire at many different levels. One level question was
W

$' I7| always a model level.
5

{ 18 For example, it is conventionally held that earth-
C

h 19 ' quakes -- that the distributions -- size distribution of earth-
5

t

20 f quakes in a given source region, or even on a fault should be
I

2I logarithmically linear. We wanted to make sure that we were not

() 22 just assuming somehting for the experts.

23 ! So, we asked that question. Do you believe that.is

() 24 the case?- In fact, they all said, yes, with some caveats
1

25 occasionally. They all agreed with that model assumption.
i

I
; ALDERSON REPORTING COMPANY, INC.
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I DR. OKRENT: Excuse me. We hava about 19 minutes,g

bfm2 2 including questions.

3 MR. WIGHT: Thank you. Good. There are other questions,

4 again designed to check the consistency of the answers.

g 5| (Slide.)
S i

@ 6 The fourth part of the questionnaire dealt with
R
*
" 7 attenuation models, or ground motion models. We included this
s
b 0 for completeness. As it turns out, the ten experts did not
a
q 9 themselves feel equally qualified to address this part of the
?

@ 10 questionnaire. This resulted in organization of a separate
n
[ II group of poeple.
s

N I2 We had the same theme. This part of the questionnaire,
5p) "

13 1s_ 5 as'in earlier parts, asking the model base q uestions , asking
-

m

5 I4 very important questions for us using analysis, trying to
$
f 15 , define consistency. 1

E |
j 16 (Slide.)
A

N I7 | Here, I refer in this vu-graph to an August 1979 model |
=

h 18 and results that we developed. We developed these ourselves4

c
8

19g based on incomplete answers on experts on attenuation, based on
n

20 that we organized a separate group of people, separate panel

2I of people to review earthquake ground motion models for the

() 22 | eastern United States.
!

23 ' Dr. Trifunac was on that panel, as were several other

(]) 24 0 people. Dr. Nuttli from St. Louis, and several others. Let me

25 | say a few words about the ground motion model that we are currently
i

# i

t ALDERSON REPORTING COMPANY. INC.
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fm3 1, using.
!

2! The project was not complete. We have yet to inplement
I

3! some of the implications of our attenuation panel, but certain
o

i j

4| of the recommendations are emboF.1ea in what I will talk about
!

5| right now.c
O
j 6' (Slide. )
R |=
y 7|- It is a very difficult question to answer how one should
u I

g 8| go about constructing a ground motion model for the eastern
J !
'

$ 9! United States. It was apparent to virtually everybody that
6

@ 10 I in some way that model should be built on a large intensity data
6 '
_

11 '$ base that we have from the eastern United States, in f act, dua
u

3 12 * model that we developed explicitly. developed explicitly
r 5 \

(_ j 13 | So, I show you here -- these are normalized to the
= i

h I4 epicentral intensity attenuation models. Three of these derive
b !

i=
g 15 | from actual earthquakes. One of which was derived rather
E !

j 16 theoretically by Professor Nuttli.
A

y 17 There are other earthquake attenuation models available.
E ,

_
18|I'mnotpresentingthemhere. In all cases, and in particular,$

P Ie
19; the ones I have not presented here, there is question as to the

5

20 h ef fect of lower intensity values driving the result over influen-
'

2I cing the model at other distances.
'

|
!

b I,,
'I

22 |I These three are derived from actual earthquakes. The

123 Charleston, with a large intensity X very carefully analyzed. i

!
( 24 These two others were smaller earthquakes, intensity VII or VII- I

1 I
i 1

25 | yIII,
|
!

! I
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1 ? This one right here is a separate model developed, in
f

||kn4 2 part, using impirical data, but also theoretical consideration

f
3i by Otto Nuttli.

_

),

1 4 What we have done is we have used this intensity
i

g 5j attentuation model along with a ground motion model derived from
M |u
g 6 I the western United States stong ground motion data relating
9 io
S 7'

j site intensity to spectral coordinates.
E 8|g When we combine these things, we end up with a spectrali

d
k 9 coordinate attenuation relationship, a true ground motion
z
O
y 10 | attenuation model.
s h

@ 11| (Slide.)
3 i

N 12 ! I would like to very briefly compare that resulting
- 5 l
/N J

) 5 13 | model with a very very limited strong ground n.rtion data that'

= ,

z l

5 14 ' is available from the central United States. There have been
b

f 15 i three earthquakes, two prime shocks and an after shock, that
=

j 16 triggered strong ground motion instrumentation in the New Madrid
s

( 17 region.
?
E 18 They were 4.5 and a 5 recorded at various distances. t

:
E

.

19g The data is shown here. What I also show here is our theoreti-
n ,

20 ! cally impirically based model from M =4 and M =5. I think you
b b,

21 ! can see that the results are consistent.
y
J

(~1 22 4 We no way claim good agreement, but it is as good as
$

'

23 ] any modelling I have seen using strong ground motion data. We
!

(', 24 have another level comparison. Some of the recordings our here

25j were digitized by Bob Hermann at St. Louis University.
, ,

0
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1 Response factors were calculated. I would like to
A
i'';n 5

2 compare our predicted response spectrum with those actual recor-

3 dings in this vu-graph. They were recorded at New Madrid and

O 4 at Tiptonville at about 130 kilometers.

g 5 This was from and M =5 event. What I show in the
S b

@ 6; solid line here is our model response factor. Again, the agree-
'R

R 7 ment is acceptable.

A
8 8 (Slide.)n

d
d 9 What I have been talking about in the last few
i
O

$ 10 vu-graphs is, you might say, the fiftieth percentile, or the
Mj 11 ! median ground motion attenuation model. As this vu-graph indi-
a

f 12 cates, they are clearly scattered about those median estimators

n, :
,

E 13 thrt should be accounted for in any honest probabilistic analy-s
E

$ 14 sis.

$
2 15 i We have accounted for that. We carried a value of
5 |

1
-

y 16 | acceleration dispersion through the analysis. I would just like
A \

d 17 to say a few words about that particular issue.
5 i !

M 18 | As it turns out, acceleration dispersion is the most
b |

$ 19 important parameter in this seismic hazard analysis. It is
'

6 ! |

20 | more influential than any other parameter in the analysis, or !
i

n

21 i more influential than the spider webs or the maximum earthquake
'

I

(]) 22 P or the seismicity models.

t23 , So, it is rather a keystone issue. Just a few quick

(]) 24 | words about it. If one calculates, assuming a log normal

!I |
25 i distribution, and even that assumption can be geustioned, but if '

:!
t .,.
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1 ! the assumption is incorrect, it is not incorrect by a gross
/^T |
Q) 2 amount. If one calculates distribution properties of a logbfm6

3 normal distribution of acceleration from a. single earthquake, and

O 4 we now have three or four that we can do this for, you find that

g 5 the natural logarithm acceleration has a value of about .35.

9
3 6; If you take all the data from the western United
R
$ 7 States, combine it all, and do a progressional analysis and infer
s
j 8 a distribution, that distribution will have a much larger log
d
y 9 normal character, about .65.
?
@ 10 DR. TRIVUNAC: How do you get .65?
z
- :

j 11 MR. WIGHT: The calculated data base. It is derived
B

| 12 from a data base that is itself restrictive, for sure. It is
5O, d 13 | a Cal Tech data base that represents magnitudes, 4.5 to about
=
m

5 14 6.5 over a distance ranged from about 30 kilometers to 150 to
E
E 15 200.
5
y 16 DR. fRIVUNAC: I still don't understand what corresponds
*

I

d 17 ' to this .35. That is what I am asking.
5 i

M 18 ! MR. WIGHT: Yes, the .35 would be derived from the
=
H

{ 19 ; 1975 Imperial Valley, or the San Fernando; a single earthquake,
5 i

20 | its distribution of acceleration.
!

21! DR. TRIVUNAC: It is too large. -

|

() 22 MR. WIGHT: It is a natural log scale. This is .65

I23 That is the issue, sorry. Now,_ time is running out on me. I

()- 24 f have - quite a few more slides. There is one important point here

i
25 || that this is derived from the western United States data.

O

i
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I We use data like this with intensity attenuation to_

\
bfm7 2 derive an eastern model. Now, there is large uncertainty in

3 how intensity attenuates from eastern United States. If one

O 4 formally combines the errors in that intensity attenuation model

5g with the errors in this ground motion model., one formally does
63

j 6 that assuming that the components are ir. dependent.
1

R
*
S 7 You come out with a natural .ogarithmic value of about
s
j 8 .9. This has been done by many people, including most recently,
d
" 9~. Alan Cornell. So, there is the issue. There is the range ofz
e

:h
10 values that dispersion could take.

=

$ II (S lide . )
?

f I2 Considerations one might apply in picking a given

O' g 13
:

"
,

value -- and we have sensitivity on the value we prefer -- but:
l

h 14 ' considerations would be first of all reasonable agreement with,

e'

-j 15 , ground motion model, the median estimator with the available
e

d I0 data in the central United States.
A !

h
I7

! Actually, very good agreement with a separate model,
=

h 18 ! but I have not talked about it. I don't have a vu-graph on
c

t 8
g I9 h it. That is derived by Otto Nuttli, a theoretically based
"

r

20 | acceleration attenuation model.
!

2I Finally,.a judgmental account name for the fact that
k() 22 | the load at a given site, say Dresden, is -- results from earth-

23 quakes of a rather narrow range of magnitude, and a very spe cific

(]) 24 fault type, or focal mechanism with a rather narrow travel path
| 1

| 25 ) variation.
'

t

!
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I Whereas, the entire data base covers, let's say, all
CNy. 8

2 magnitude earthquakes and all travel paths at a given site speci-'

3 fic application. The range of those variables should tighten.
,

U 4 We account for that. In fact, our preferred value for

5g the log normal dispersion for the eastern United States is about
9

@ 6: .6.

R
*
S 7 I will show you some of those. I will show you the
3
j 8 sensitivity of the result about that value.
d
y 9 (Slide.)
?
@ 10 What did we do with the answers from the questionnaire
z
5 I

4 II and these attenuation models? Well, we took each expert, each
a
j 12 expert provided us his zones. He acknowledged our zones in

O
=

13
3
5 varying degrees. He provided us with seismicity models, maximum
= 1

h I4 earthquakes.
$
p 15
, We couplea that information with our ground motion
=
g 6 model and we calculated the resulting exposure at each site for
a

N 17 ' each expert.
5 i

{ 18 What I show here -- it is a reduced version. You will
-

G
19g see more later -- is the response -- a sweep of response spectra

n

20 did result from that analysis. In this case, there are all ten
!

21 of them represented here. One for each expert.
,

() 22 | There are a couple of interesting things that I would

23 " like to call your attention to, but the most important one is

(') 24 || the acceleration along this access.

- 25 , (Indicating.)
e

i
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bfm9 1 If you look at your handouts, you will see that the

2 spread from MIN to MAX among the experts is about a factor of+

3 two.

/~T
(_/ 4 Certainly in the high frequency, a little bit more in

s 5 the long period. That is about the range of values that the actual

0
@ 6 strong motion data in the western United States suggesting that

_

G

$ 7 if we appLbxi this technique to the western United States , we would
M
j 8 be as good as the data.

I

d I

d 9
z,

I would not be so quick as to imply that, but it is

O
y 10 a point.
E
_

11 DR. OKRENT: I'm sorry. What is the significance of@
3

N 12 the factor of two on high' frequency?
=

() 13' MR. WIGHT: Well, the range of actual strong motion;

m
. 14 values availabe from the western United States sits within about5.

5

{ 15 a factor of two.
!

y 16 DR. OKPENT: What were the constraints that went into
a

b~ 17 , this calcuation? Was each expert talking about a certain magni-
5
5 18 tude earthquake, or a certain intensity earthquake, or a certain
_

C

$ 19 return frequency earthquake, or just what?
5 -3

20 MR. WIGHT: This is a 10 .

-3
21 DR. OKRENT: 10 thank you. They agreed within a,

22 factor of two?(}
23 MR. WIGHT: A factor of two.

24 DR. OKRENT: Your experts are different than my experts.(}
25 , (Laughter.)

|
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1

|I MR. WIGHT: Btit that is the case. But to specifically --

O 2 DR. OKRENT: We don't get that agreement in this
bfml0

3| room after they have talked for hours, the staff and the

O 4|v applicant.

5g (Laughter.)
e

@ 6 Go ahead.
e".
=
D 7 MR. WIGHT: That is basically it. It is a whole
M
E 8n process -- it is the whole process. It is very very involvedi

J |'

e 1

,~. 9| treating each expert individually. We are doing analysis oni

i

h
10

: 14 spectral events, such that we can predict this response

5 !

E II | spectra, but the other thing I call your attention to that is
is i

12 |"
2 related to the factor of two is if you remember the diversity;

|
.

O i I3 ! of oginion on zoneeion, you mighe heve expected to see e much
_

I4 wider of variation and predicted response factor.
a

{ 15 This, I think, turned out to be for us the most inter-
:::

d I6- esting and important conclusion from the study, that that expert
A

h
I7 opinion was diverse, but'it tended to self-cancel.

?_ i
g 18 : The opinion was, of course, of three or four components.
P"

19g If an expert, for example, left the Charleston earthquake run up
e :

20 and down the east coast; he tried to do something else which

21 happened to be an earthquake occurrence model that competed

i22O
d

,,,1 ,, ,s,,c,,,1 ,,,, mig,,,1,,, ,, m,yse ese ,1ze of es,,

23 - Charleston earthquake in the future, or something like that.

O 24| So, they tended to self-cancel.
b'

q

25 ;j (Slide.)
'

|
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1 Th'at resulted in ten spectra for each site. Now, what

2 do we do with that? Well, we could -- we could put a distributionmil

3 on it.

4 We played around with that and looked for the fiftieth

n 5 percentile of it. There are a number of things that we could
;

|
O

3 6 do, a mode or a median.
R
$, 7 In fact, it was at this point that we included the
a
j 8 self-ranking results. We asked each expert to rank himself in
d
0; 9 some detail. It may have been the hardest question we asked.
3
@ 10 We asked him to rank himself in virtually every question that

$
j 11 he answered.
is

| 12 What we did is that when we performed the seismic
5

O s is hezerd ene1veis, we cou1d see where the 1oed was comine from
= i -3

| 14 for the 10 spectra.
$j 15 For example, we could see what earthquakes from which
=

j 16 ; regions dominated the results. What we had the opportunity to do )
A |

\

d 17 i then, what we in fact did,was to go back and see how each expert '

i

5 i
w
'n 18 , felt aSout himself for that region or for those regions.j

c i

19!' It turned out this is frequency dependent. The high
s
;
6 is

20 | frequency spectral ordinants come from rather nearby earth- |
: 4

21 quakes. The long term come from distant events. !
4

22 So, an expert self-ranked for a different spectrum

23 will change as a function of frequency when we got into it, and
1

24 f how he ranked each question.
25 DR. OKRENT: Do you have a spread among the experts

|
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I for their one in 10,000 or the one in a million year earthquakes?

(V^p12 2 MR. WIGHT: We would never do a million.

3 DR. OKRENT: THe largest.

OD 4 MR. WIGHT: You mean earthquake size or spectra?

* 0 DR. OKRENT: You said there was a factor of two onz
*
.

acceleration among your experts for the one in 1000 year earth-

E
S 7 qu. .

3
h. O MR. WIGHT: Yes.
O
" 9~. DR. OKRENT: What was the spread for the one in 10,000
z
2 10g or one in 100,000 or one in a million year earthquake? Do you
=

5 II have that?
is
" 12{ MR. WIGHT: To answer your question, we had thus far

I
: in our preliminary results reported spectra. This synthesis I

w I4| am going to talk about right here is fairly involved. So, we

bi,

15'

g could not do it at 100, 120, 150 years and so on.
=

i[ I0 So, we only did three return periods, 200, 1000, andi

A i
. i

h
I7 4000 years. We have other results available from which we can

E !

$ IO | infer. So, my answer is restricted to those three return periods.
C i
6- I9 '

| Going from 1000 to 4000 years. The spread did increase. I dog
n 1

20| not recall just how much.

2I It was not overly dramatic, if my recollection is
i

22 correct.

23 ! DR. OKRENT: I think part of the problem is the limited

24 range of your return frequency. I think if you had gone to

25 what could happen at a frequency less than one in 10,000, people

| -
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I start developing rather different opinions.
O
(/ 2 DR. TRIFUNAC: It depends on distribution.

3 DR. OKRENT: Exactly.

MR. WIGHT: And their perception.,

bfm13
$ DR. TRIVUNAC: No, no, no. But nobody knows that
9
3 6e anyway. So --
R
* 7y MR. WIGHT: That is true. We have considered the
e.
2 85 character of this distribution. It has been the topic of some
d

}"
9 debate, in fact. It does drive the results more than anything

c i

H 10y else. It is something that Otto Nuttli can think about, but
=

h f neither he nor any of the other experts are qualified to
'

I

e. 12 'z address.

() 9g 13 | I know that the data base is expanding rapidly enough
- ,

z

! I4 from these recent events that it is possible that we will be
e
C
b 15 | able to make more refined statements, but there is always
=
y 16 going to be a limit.
w

.h I7 | I certainly acknowledge that. I.would say right now
= t

{ 18 | our limit in return period is a gradation. I think the tails,

P I
^

i "
'

3 19 , of the distribution begin, in my opinion, to unduly influence the
n !

20|! results over return periods of about 4000 years.end t2

dsp flwg
t3

(:) 22 )
23 '

,

I
.

|T 24 i
\ _) - ! I

25

h

d
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I
~

.

|
NRC 1 . Let me say a word about synthesis.
6/ pm !

d r&t 2i I did not clock myself, but --
tape 3 i

3I DR. OKRENT: you have used about an hour. I think at
!

: i
! .) 4j this point if you have some principle results to report, you

.

I

5 should in the next couple of minutes.g
'ti

@ 6| MR. WIGHT: Okay, fine.
- .

y !

6 7 Just to wrap up the methodology very quickly, we
7.

j 8| actually performed a synthesis using the self-ranking results
d !

z,
9! that I described earlier, and as it turns out, the synthesis comesO

e <

$ 10 i very close to sort of a mode of the distribution of spectral
E I
_

11 ordinants.3
i

j 12 So it is a rather formal and elegant way to do what,
E !

I^'l $ 13 i it turns out, might " ave been done for this case at least more
.. ,

z
g 14 directly, more simply.
$
@

15 , But it is a formal accounting of the experts' self
E !
y 16 worth in particular areas.
/

p 17 (Slide)
$
C
g 18 I have a variety of results, and they are contained in

!C

$ 19 , the handout. You can overlay them yourself and see the sensitivty
5

20 ) of the various parameters. As I said before, the zonation, the

i
21 maximum magnitude event, the relative frequency of different

!i

(^') 22 " size events in a source region were not particularly significant
' ;

23 parameters. The ground motion model turned out to be the most

x 24 ' significant, and within that model, our value of dispersion, the

25 j distribution of spectral evidence turned out to be far and away

!!
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dsp2 the most important.

() 2
I would like to just show you -- let me just show you

3
without -- let me show you, for example, as I said, we believe

O 4
that a natural logarithm value that is appropriate for analysis

e 5
g is about .6. One can theoretically justify something as high
3 6* as .9 and just leaving everything else the same.

>
E
n 7

1 ; And looking at the results, whether it is .6 or .9,
e.

I 3 8" both are within the range of acceptability. You can produceu,
o 9
.j factors of two or more difference in acceleration at 10-3 and
$ 10
g if you go up in the return period, that difference increases
-
_

2 11
g very, very rapidly.

d 12x (slide)

b 13() s ; I would say in summary then that the most significant
I$ 14.

# finding of this project are, first, that the attenuation model,=
9 15
g as I said several times, is very, very important, more important
: 16 {.

g than we realized ourselves, that the range of expert derived 1

i

d 17 ! i4 results in the eastern United States for this project taus far --'a
4 5

w 18
and it is still in progress -- is not much greater than was-

I + |
!

"
19

; j predicted for a range of values for the western United States.

20
And finally, the diversity of expert judgments tends

21 i
to self-cancel.

(])
'

That will do it.

23 '!
Any questions?

24 i
(]) VOICE: What do you mean by self-cancel as opposed to,

25
L cancel?
r
!
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dsp3 MR. WIGHT: They tend to compete against each other.3

) 2 In other words, if I could use the word " conservative" just

3 for illustration, if relative to the other experts an expert is

4 conservative in the way he answered one part of the questionnaire,(])
e 5 he will be in a relative sense non-conservative in the way
2
N

4 6 he answered other parts of the question.
e
-

y 7 DR. OKRENT: Dr. Luco?s

8 DR. LUCO: Have you compared the shape of the spectra

N you obtained with the spectra obtained by the deterministic or9
~i

$ 10 empirical approach?
I
-

3 jj MR. WIGHT: That has been done. Most of that work has
6'
,d 12 been done by Lawrence Livermore, and I think it will be addressed

I
3 by Leon Reiter.'

(:) = >

$ 14 DR. LUCO: The thrust of my question is the following:
w
H

! 15 j by using this probabilistic technique, you attain an aggregate
5
.? 16 spectra. It does not correspond to a physical earthquake.
s
M

j7 MR. WIGHT: Absolutely true. That is an important
-

w

E 18 point.

=

{ j9 DR. LUCO: In the process of calculations later on, one
x
n !

20 ( w uld have to use time history that will match the spectra, and

21 that time history will not have a physical meaning. |
i
i

22 MR. WIGHT: This is a very important point, one that'I |()
23 tried to develop early on; that the probabilistic results'are

-3
24 .h a certain perspective of the hazard. The 'O spectral ordinants

() !
come'from at least two classes of. earthquakes; the high frequency25 ;

i
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\
1!dsp4

| come from relatively nearby earthquake, whereas the long term
() 2

spectral ordinants come from long distance earthquakes.
3

The implication might be, if used for design, that
() 4

chose earthquakes have occurred simultaneously.
m 5
y DR. LUCO: So the problem is thd;1f these spectra are,

8 6I
i significantly different from observed spectra, then one would'

E 7
! have to take a probabilit.ic approach all the way to be consistentn
E 8" and not to use response specora at all, but go into core
d 9
j spectra dn do the whole analysis, including the structure that:
h 10
E way, not in the time domain, without some considerations --
7 11
y spearate considerations.

75 12
s MR. WIGHT: I agree with you completely.
E 13

'

Os DR. LUCO:- One could do that only if the analysis
$ 14 |y is linear.

,

:
9 15
@ MR. LEVIN: Dr. Luco, one of the things we are looking-

*
. 16

y at and Larry mentioned it, one of the advantages of this approach
6 17 :

is to look at the contribution from different source zones. Sow
5
w 18
= you could cull out the Dresden site, the contribution coming from8

E
g 19 |New Madrid versus the more immediate area around the site.

20 | And what we would like to do is look at maybe the
21 i

conservatism associated with that, let's say, uniform hazard

() fspectra, run structural analyses for earthquakes which should,
23 -

let's say, be more typical from a distant source zone or an,

,

24 i
(]) earthquake which may be more local.

25 [i

l]'
So it is something we are pursuing.

I
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1 DR. OKRENT: Thank you.
,

d f 2 Maybe we should take a.seven minute break since it has

3 been a couple of hours.

4 (Recess);

a 5 DR. OKRENT: The meeting wilo reconvene and we will
h

_

@ 6 begin as soon as the next speaker is ready.
R
$ 7 DR. REITER: My name is Leon Reiter. I am a geologist
sj 8 with the Seismology Branch of NRC, and what I would like to
d
d 9| talk about now is I will show you our initial attempts to
i-
%

$ 10 utilize the study just discussed, which is not only part of
?.

) 11 task action plan A-40, but we are inte2rstedin attempting to
a
y 12 utilize it with respect to the systematic evaluation program.

.
-

E 13 (Slide)
O. E -

| 14 This is a hard. slide to see, but this is a map of the
5
2 15 eastern United States, and the red dots represent the.nine sites
5
j 16 j in the eastern United States which were looked at in the
*

I

@ 17 | systematic evaluation program.
Y \
$ 18 | The contours represent contours of seismicity, numbers
k i

, 19 | of earthquakes, and this is a map which was part of a series'

n |
20 produced by Hadley and Devine.

21 I Again, these represent controus of a certain number of

; 22 earthquakes per unit and varies with unit of time. So these are()
23| areas of higher numbers of earthquakes.

24 l These are the sites across: Dresden 1 and 2; Palisades,

O'
25 ; Big Rock Point,~ Yankee Row, Millstone, and Oyster Creek,

i

i
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dsp6
y||

MR. M1GWELL: What was the lowest intensity on there,

2 do you remember?

DR. REITER: It is very small print; I cannot tell3

'
you. I really cannot tell you..

O
c 5 Our initial recommendation that we proposed for use
e

4 6 in the scientific spectra program are as follows.I
o
-

E
ti 7 (Slide)

8 That we use the so-called 1000 year synthesis; two,

N that we use a model based on attentuation from the Ossippee9
:s

$ 10 earthquake for the northeastern sites; and that we use a model
E

) jj based on the Gupta-Nuttli attenuation for the United States
; 5 .

[- sites.12z
: 1

E 13| As you see, there are some problems we are still working
O: i

$ 14 n which may affect this. But these are our recommendationsi

#

! 15 as of now.

5
16 | We also feel that there should be a minimum flaw fors

*A

j7 all spectra, and this flaw is a median representat3on of a nearby.

5
E 18 magnitude 5.3 earthquake, as determined from western data and
=

{ 39 the so-called 1000 year spectra fall below the minimum at three
A

sites. That is at Palisades, Lacrosse and Big Rock Point.20

21 And finally we have not specific site amplification

22 conditions. They have not been fully assessed at three sites:

23 i Lacrosse, Yankee Rowe, and Palisades.

24 ] DR.-OKRENT: Are you going to tell us why you-think

25 those are suitable to use?
>

,

, .
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! dsp7 j DR. REITER: Yes, I will go into this, and I will

( compare how these results compare with other methods that perhaps
3

people are more familiar with, and in fact that was one of the
'() ways we chose them.

e 5 i

G i To give you an idea of the kind of document we
l3' 6 >

#; reviewed, we had an initial three volumes from TERA-Livermore.
En 7

Then we had peer review comments that were submitted in then
8 8" fall and the winter.O
d 9

; g There was a licensee review, comments from Blume, Fugro,; =
h 10
E and Commonwealth Edison, Holt, and Allen Cornell. The applied! I 's
j statistics branch in NRC also reviewed it. *

$
il |d

TERA responded to that review with a document, and as
3

(]) ! a result of that, TERA conducted a series of sensitivity results
$ 14
# which came out in March -- May 1980.=
2 15
g Specific problems were identified in terms cf
.? 16
j attenuation;an attenuation panel was convened, and TERA1

d 17 :
g evaluated that panel.>

C
w 18
= (Slide)

j 19 | .At the time this slide was_made we had not fet
20 !

received reviews and comments by Newmark and Hall. We had just
21

received a draft copy of that. Perhaps you might read a few

[} comments from that if you are interested; a draft se*,smic review
23

analysis by the USGS.

24

{} We got an indication that they had completed their
| 25
| | review. We have'been informed very generally on the telephone
! d-
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dsp8 that we expect to get this shortly.y

2 We expect to review all the submittals that the,

3 licensees have submitted; we have reviewed some of them. THere

O """ "'t '"*"" ""i " "" ^^"* ' ' * "'-4

g 5 TERA-Livermore will compare the results with other

N'

d 6 hazard analysis for similar sites to see lar their analysis"

e
^

7 compared to other sites.o

We re g ing to get -- and I think e just received --8

N an LLL report on attenuation recommendations. There is projected9
:i
$ 10 a meeting in June of the original expert group to get feedback

)E
-

jj to sort of see how they react to the initial assumptions or they:

<
a
,3 j2 might want to change some of the assumptions or have a look
?.
^

U at the results.
!
$ 14 And finally, we are going to get some recommendations

' N
! 15 as to whether, on the basis of all the proceedings, we should
5

- 16 do the re-analysis on those results.'

a
us

-

j7 So we expect to see some of'these partially done. Most

E 18 f these have not tet been received.
_

E ! (. Slide)j9
2 i
M i -

20 | S the review I am presenting is based essentially on

21 the materials shown in these previous slides-and is not yet

22 included in the material just shown now.
O

23 As a result of presentations, and our own general

24 | review, and review by the various panels, several problems have
!

'

25 been identified, and we have suggested several ways -- the staff
f

I
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1'
| has suggested several ways of resolving the problem. One, as

4|h 2'i
| was indicated, the problem of ground motion attenuation

3I
. determination -- and I think as it was pointed out, the originalr,
\

i ) 4
'"'

group of experts really, except for several, did not answer that
e 5.j question. And the way -- the resolution of this problem was to

i

3 6:*
convene a separate attenuation panel and to try and fill out and

E 7|j ; get their input and get their feelings on some of the
8 8'
9 problems that were raised.u o

d 9I
-A i As a result, we believe that the way to proceed at thiso
.t 10 |
E ! point would be to use the Ossippee and Gupta-Nuttli models for
5 11

$ the northeastern and the central United States.;
.

d 12 (
h j Again, we are at the present time clarifying some

(1 d 13 i
^

/ E issues about the way the regression was done in the Ossippee'

$ 14 I
d model.e
2 15
y f DR. TRIFUNAC: Can I ask a question now or later?
J 16 i
G DR. REITER: Whenever you want.,

n 17 ' |

$ DR. TRIFUNAC: Ossippee and the Gupta-Nuttli model
C
w 18 3
5 |are specific models. I mean, they are specific regression models.
I 19
A h Why do you prefer that versus using it as it is directly? For

20|
j example, Anderson is doing that.

21
! Here, there is no assumption whatsoever; what is thed

22 )c,

advantage of being so specific?. a

l23 *
DR. REITER: I am not quite sure what you mean.

24-'(, DR. TRIFUNAC: Anderson has a paper in the Bulletin where
'

25 j

he shows how to do the same thing, not po', ding specifically the
!! l
;l ALDERSON REPORTING COMPANY, INC. I
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dsp10 attenuation, but using all the available data, distribution of
<

C) 2
that data.

3
So there is assumption there; it is just all the

| () 4
data used simultaneously,

e 5
g DR. REITER: I cannot answer that. We find whenv
3 6I* ' we look at these things that there are always lots of assumptions
E 7u
; built in. TERA-Livermore looked at several models , regional
N

8 8"
models of attenuation -- of intensity.d

: 9
j DR. TRIFUNAC: THis is why I am asking the questions:c
F 10
$ how good is this model? It does use assumptions and the=
2 11 '

j other thing I mentioned does not use assumptions,
d 12
3 DR. REITER: I find that hard to believe, that there=
d 13O- @ are no assumptions.

$ 14W
$ But let's continue.
9 15
g DR. TRIFUNAC: Okay.

~
. 16
j DR. REITER: Zonation here -- the problem here is it4

F 17 |
d , was difficult to reflect the experts' confidence in source zone
M 18 |
*

i

| earthquake occurrence. A problem arose. You have many, many=
"w l

19 6
i j different configurations. People have different kinds of

'

20
confidence in the accounting method of how you deal with this,,

i 21 '
And the one suggested technique that TERA did intially was to

() assume what is called a background zone, which was the union'or
'

l
23 l the envelope of all.the zones of everything in a particular<

24 '
(]) area; they took everybody's zor.'s for New Madrid, and we,

25 | drew an envelope around it and called it a background.

ALDERSON REPORTING COMPANY. INC.
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dspil
| And after you distributed all the possibilities assigned('; 2

by a particular exr ' -t -- accounting for the earthquake, there
3

is alway something le"t over.
/~T 4|V And V original idea was to use that background and

e 5i
4 i envelope as a source for those earthquakes. It was pointed out"
3 6

*

* in some of the reviews that this in some ways is trying to get
En 7
! the various experts, and assuming that one expert's opinion isn
8 8" going to be tied to the next expert's opinion.d
6 9
.j It violated the idea of independence between experts.
:
H 10
$ As a result of this, TERA-Livermore created another model which
-

E 11
y assumed absolutely no background. It represents the other

.

d 12 '

g extreme and their resolution was to -- we felt that both
E 13O@ assumptions were extreme; they could not be defended and given
$ 14
y at this point.
_~

F 15
@ We felt that somewhere in between there were intermediato_

. 16
j assumptions that would be the correct ones. We think there is,

i

H II '
y probably -- if we were: smart enough and had enough money and
cz 18 ,

! enough computer time, if we had that, we could devise a way toa -

e i

E

19|Ij get at the proper expression of this.

20
DR. OKRENT: What do you by." correct"?

21
DR. REITER: By correct 1 ...:.an that which we think --

() what I think fits what.the people are trying to tell us.
23 !

DR..OKRENT: I guess tais is a good time for me to recite '

() an experience that occurred in connection with using expert
25 ;

opinion for .omponent failure rate for the reactor safety study.,.

|.
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,

dsp12 In one area, they did not have data, but they did have; i

2 experts who could give estimates on failure rate, and they gave

3 median and 90 and 10 percent or 95 and 5 percent confidence

bounds and so forth.O 4

5 This is what was used in WASH-1400. And some years
s

later when6| there was some data available from one or. more

7 plants and people reviewed this, on a few occasion they found that

8 the data not only did not agree with the median but it did not

9 fall within the 5 and 95 percent bounds.
z
,k 10 So while I appreciate the problem you have -- and I
E
~

am not against using experts -- I think at some point you haveg jj
<
is
.j j2 to step back and ask yourself how nuch do I press forward

$ refining the input.13 I .

5
g 34 Let me just leave it at that point.
M i
u

! 15 DR. REITER: Okay. I think what you are saying is
5

correct. We are trying to aim at her, what we think is the? 16
-s

'
u$

!g j7 correct way or the way to-model what the, experts are telling us.
I
~

E 18 It turns out in this case the difference between the extremes
i

is that -- the order of 5, 10, or 15 percent, maybe 20 percent,t j9
x
5 t

20 | and we felt that computationally that might be a way to do what

21 they want.

22 j But it may be at least, given what we have now -- we
O

!V 23 felt it would be computdionally prohibitive to do that. And given
i

24 | all those assumptions, at least the staff felt that an appropriaten I

(V) !

25 ! way to proceed would be to go and do something intermediate
i !

-!;

f
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dspl3 between that.
"

O.*

The next problem, as Larry pointed out, was the
3

dispersion of data, how we define strata without an appropriate
'

(- 4
data base, and we felt an assumption that the data would be

e 5
g somewhere similar to chat in the west. And the western data --N

3 6
the ensemble of western data falls somewhere between

*

?
m 7
! point sigma, between .6 and .7. We felt we should use .7 withN

8 8" a cutoff at three sigma.d
d 9
g- The synthesis of expert results -- there are various
I: 10
g ways of synthesizing results, and TERA has estimated that
_

112
y essentially the way they did it -- although it may not be the
d 12
g only or best way to do it -- would not be significantly different

() E 13
s from other ways of doing it.
$ 14
$ (Slide)e
2 15
g So again we integrated these recommendations. We
* ,

g.
16

performed an evaluation of the sensitivity of the results and
'

g 17
did dispersion changes and we found -- this is a matter ofw !

h 18

disappointment -- we had computations at sigma 19 plus 2 sigmai 1-

|H I: 19 ' l

g jbutnotbackground.
'

20 |

By very simple estimates we came to the conclusion that3

1 21!
I| this is equivalent to an intermediate background of sigma equals

22 !
(]) .7 plus or minus 3 signma.'

;

23 '
It was a tradeoff between the sigma and the background,

24 |
('J

i) ! and again it was a matter -- we were dealing with a matter of 5s r

25 ;
!to 20 percent.
t,
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1i
dspl4

{ (Slide)
2|'

So if some error is made and there might be some
3

model dependence, it is not going to be anything like 50 or
O' 4

100 percent; it is on the order of several -- maybe 5 percent.
I

e 5
E That is not to say further refinement cannot really attack thisn
3 6* problem and come up with a more accurate estimate.
E
n 7
! We then attempt to look at this and try to specificallyn
8 8" add what we thought the conservatisms and nonconservatisms wered
d 9
- and here is a list of some of them and there might be some more.g
E 10
E But conservatisms, generally it is felt that there is a strong= 1

2 11
j motion data set because of the interest. There is general bias

12 |=
j toward higher values and paritcularly at large distances.
E 13Os'

Engineers are generally interested in earthquakes of
$ 14
# | strong ground shaking and generally not interested in those which= \

E 15
g are very little.-

.? 16
j Another conservatism was the very assumption of
g 17 '
g ; randomness in the source zone; again, the assumption is that
E 18 |

within any particular source zone or tectonic province or= !

E 19 |
H

+

g seismotectonic province, that the earthquakes are occurring
20

randomly within any part of that, and we feel that in zones of,

21 I
modera*.e or low seismicity this is a conservative estimate.

() We do think that eventually earthquakes can be related
23 |

to geologic and tectonic features, and eventually these will be

() 24 { tied down and that we will eventually -- it will eventually
25 '

f. result in a conservative estimate for those areas of low -
f

; ALDERSON REPORTING COMPANY, INC.
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' dsp15 seismicity.

( Generally, the way the whole thing was done -- the
3

way each expert was asked to utilize and define his uncertainty,
/"%
(/ 4j

the conservative part was tail dominant.

e 5
g Finally, it has been pointed out that large earthquakes
8 6i* attenuate faster than small earthquakes. So nonconservatisms_
n
8 7
; were, one, mixing true field and basement strong motion records.n
f 8n Generally, as has been pointed out, that if you look at thed
6 9
7- small buildings and large buildings, generally if you look at
-

E 10
3 large buildings, ycu get lower peak acceleration in the low
E I

z 11
g and high frequencies.

d 12
2 And we are essentially -- the data base -- they are

(])
E

mixed together and they are assumed to be three fields. We
13

@
*

E 14
! E think that might be a possible source of conservatism."

-

9 1.5:

| g And finally the spectra really, although they are
. .? 16
1 j assigned to a return period, they really represent more than --

F 17 !
d a chance of more than once being exceeded in the return period,

!

! 18
- the 1000 year return period, the chance of only being seene
"

19j once in 1000 years, once or more in 1000 years.
20

And by some estimates by TERA, we think this is not
21

really that significant once you go beyond the chance of

(]) exceeding -- the chance of being seen three or four or five times>

23
is really'very small.

24

{} DR. OKRENT: Why is it a conservatism that the;

25 j; conservative part of uncertainty dominates?
,
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dspl6 DR. REITER: The way it was modeled; for example, the
'

i

B values. The B values were modeled such that -- the B value is
3

recurrence rate, and it was modeled such that people said,.

! 4
what is the -- what is that slope, and the slpe was taken to

1

e 5
g pivot about a point such that the largest -- the low -- the.
n I

8 6I*

pivot point was in the smaller earthquakes, while the largesta,
' n

*" 7
; earthquakes, you had a larger spread than you have for the
N

. 2 g'
M intermediate or smaller sized earthquake. And that was just and

- Ci 9
! j artifact of the way the people did it.

-

s 10
j DR. TRIFUNAC: I do not understand it.

! =
11w

end 3 g .
. . -

d 12 '

z
! 3

Oi',

$ 14x

|

2 15'

5
'

? 16
9
m

x ;

b I

i w 18

I 19
x
5

,

|i

20

21
1

l

22
'O |

'

23 '

g 2.j.

2s ,
.

!
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P
1 DR. REITER: Is the best estimate or 8 value, and

gf 2 the slope is, let's say, .57. There are other slopes and

3 there are various ways of looKing at tnat. One of the

4 various ways of looking at it was such that -- this is the

5 zone, or the large-size eartnquakes, the part contributing

6 very largely to the risk. These are very sensitive because

7 of their pivoting back here. These are very sensitive.

8 DR. OKRENT: But the pivoting is done at a smaller

9 earthquake because that is where you have data, presumably.
10 DR. REITER: You have some data there but you have

11 more data back there. If you do pivoting, there is a larger

12 amount .

13 DR. OKRENT: How can you say that? It depends on

' s' 14 now you draw those lines. I could pivot it around anything
15 and still have a very narrow cone. In other words, I could
16 have pivoted at the far left and still have so narrow a

17 cone . At the far right end I fell way within what you have

18 d r a w n . i

|

19 DR. REITER: If you pivoted back here, then the
.

20 greatest ef fect is going to be over here no matter what the

21 size .

22 DR. OKRENT: The statement that you have is that

23 the conservative part or the uncertainty Cominates, and I

I J 24 agree; but if tne uncertainty goes a factor 10 in each

25 direction around some value when you 00 an expected -- it
-

U
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(]) 1will shift in the direction of the larger value. Is that
2 what you are saying?

3 DR. REITER: I am saying that the way the

4 conservatism, the way the uncertaint; as modeled -- and I

5can't know if there is a better way to do it -- but the way

6 that it was modeled is such that it tends to give very large j

l7 results or very large changes, perhaps, conservative changes 4

8 with regard to the largest earthquakes in this particular

9 case.

10 I think, speaking with the people at TERA on some

11 other cases we have done, maybe there is no better way to do |

12 it ; but that is the way it resulted.. I guess part of it is i

13 also in the thought that the tail-end distribution is very

()* 14 important and are controlling a lot of the hazards.

15 Part of it is also the way that was modeled. I do

I
16 not know if there is a better way to do that. We are not '

17 trying at this point to attach a specific value on each one

18 o f these . We are just trying to get a general picture. It

191s our judgment that the conservatisms that we are seeing

20 are really more conservative, and the so-called 1000-year

21 spectra real,_y reflect longer return periods.

22 For example, TERA recently did some finer

23 calculations, and it is their belief that this so-called

() 241000-year spectra may represent something like a 5000-year
25 spectra . We don't necessarily agree with that. What we do |

r~h |
N.] |

.
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(} 1know, and this perhaps goes to what ou said before -- in my
4

f

2 experience in the NRC in the last four years, and I was not

3 privy to the Greenwood hearings, but in the Branch there has
O.,

4 been an implicit acceptance of return periods on the order

5 of 1000 or 10,000 years, not between 1000 and 10,000, but on

6 that order.

7 What I mean by that, I mean by that people ask

8 what was the return period of the SSE at the site, and the

9 answer was given: well, looking at all kinds of estimates,

101000 years , 5000 years, 10,000 years. That seemed to be

11 implicitly accepted. It was not explictly accepted but was

121mpliciti, accepted.

13 DR. OKRENT: In my opinion, that is accepted the,

( 14 same way reactors at Inoian Point are accepted: they are

15 there. In other words, now it is a tnought. There were a

161ot of decisions made on earthquakes, in fact, in the

17 sixties when people were thinking the frequencies were much

18 smaller. I cited at Greenwood when we were first getting a

19 number, it was thought tnat it was much smaller than the

20 numbers you gave, and that was already thought to be a big

21 number.

22 Sy the time the staff, I guess, felt it was in the

23 range you said, they already had, I-don't know, 100 sites

(]) 24 under - their belly , as it were. And it was difficult, I

25 guess, to say other than this is what we approved.

)'
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() 1 DR. REITER: I think what you are saying is that

2 what we really need is an explicit statement for what is an

3 acceptable level of hazardous site. You are right. But I

4 think at this point in the review, attempting to do that

5 would be biting of f much too much. At tnis point we are-just

6 going to proceed as to what has been implicitly accepted in

7 the past.

8 But you are right, there was no implicit saying

9 that we have run some kind of calculations and we decided

10 that the 5,698th year earthquaxe is the correct one.

11 DR. OKRENT: By the way, I could have told you

12 that this was the conclusion, that is, 1 to 10,000, based on

13 the survey I dio and knowing who my experts were and what
O 14 results they gave. In fact, the median that I got from them

15 was in the vicinity of a little more frequent than 1 in
,

16 10,000.

17 DR. REITER: I want to make sure. I am not saying]

18 exactly . It could be 11,000 or 12,000. It could be 900.

19 DR. OKRENT: It will vary.

20 DR. REITER: We feel that the recommended spectra

21 fit witnin this description, and it is not an explicit j
,

22 s ta temen t . It is back-dooring it. But at this point I I

l

23 don't know any better way to go.

() 24 Most importantly, we think that these spectra,

25wnatever their exact return period is, . represent generally

(~'/TL

ALDERSON REPORTING COMPANY. INC,

300 7th STREET, S.W. REPORT' IRS BUILDING, WASHINGTON, D.O. 20024 (202) 554-2345
--



.

34p1-

/~T 1 equivalent hazards from site to site. Look at Yankee Rowe.k.)

2 We look at Big Rock Point or Dresden. We think that those

7- 3 spectra, those thousand-year spectra, whatever they are,.

4 represent essentially equivalent hazards.

5 That is very nice, but the next question is is

6 there any other way of looking at what is coming up.
,

7 (Slide)
8 We attempted to do what we call a deterministic --

9 yet I think what has really been described is empirical

10 --deterministic is really a much more physical modeling of

11 the earthquake. In this point what we did was, one, assume
'

12 seismic zoning forms to have purpose; and second, use tne

131argest historical earthquake.

( 1-4 Then the third step was to deviate a little bit,

15 where instead of going to the standard way which is laid out

16 -- the most acceptable way in the standard review plan --

17 instead of going to Trifunac and Brady and using the trend

18 of the mean, we decided to use NUREG-CR-0098 of Newmark ano

19 Hall .

20 In order to get at tne peak acceleration ano peak

21 velocity, we compiled as much information as we could about

22 prediction and acceleration for earthquakes in the United

23 States, and it is empirical based on ~various earthquakes.

(]) 24 Then we took an appropriate group of those and

25 averaged those'to get a particular peak acceleration or peak

O
(s

.
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(]) Ivelocity. So I want to repeat it exactly like the way we ao
2 it in the standard review plan. However, instead of looking

)
3 at the trend of the mean, or Trifunac and Brady, we used

4 NUREG-CR-0098 and these acceleration velocities.

5 I will show you the impact of using Reg Guide 160

6 and the mean of Trifunac and Brady.

7 (Slide)
8 When we do this we get the following numbers.

9 These are for the so-called thousand year peak

10 accelera tion. Here is the so-called deterministic

11 acceleration. Deterministic accelerations generally are the

12 same , .12,.13. The differences, this is the eastern United

_
13 States, and this is the central United States.

\#
1-4 The 1000-year ranged from .08g at Big Rock Point

15 to .8g at Haddam Neck, and generally the sites in the

16 eastern United States of high peak acceleration are greater

17 than those in the central part of the United States, and I

18 will show a map of seismicity.

19 I think there is a logic behind this. I think it

20 really reflects in a gross way, perhaps more than a gross

21 way, what the seismicity is about.

22 (Slide)
23 I just want to say that most of these values are

() 24 above the peak. Half of them are above, or five of them are '

25 a bo ve , and four of them are et or below. If you look at the

(E) :;
'
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(} Ivelocities, the 1000-year ranged from 11 centimeters per
'

2 secono to 22 centimeters per .second, while the deterministic

3 ranged from 9 to 20.()
4 The so-called oeterministic are below the 1000

; 5 year, excent at Dresden where it is a little bit higher.

6 That is due to the influence of the New Madrid zone.

7 (Slide)
8 How do we get this? Please excuse this. You

9 cannot see this.
1

10 Here again, here is the seismicity. These are the

i 11 contours of equal seismicity. The eastern sites and

12 northeastern sites are the areas of high seismicity. The

13 central sites are in areas of lower seismicity. Essentially

() 14 what we are seeing is the ability of a site-specific spectra

15 to pick this up.

16 We use a deterministic spectra, and then we get

17 the same for Haddam Neck and Big Rock Point; and inoeed, you

18 could possioly get higher for Big Rock Point than Haddam

19 Neck. I think what we are seeing here is the ability of

20 this program to pick up the reflection in the seismicity.

21 The so-called tectonic province approach in

22 Appendix A says go out and find a tectonic province and your

231argest maximum earthquake, and assume concurrence at the

(]) 24 si t e . It doesn't take into account the fact tnat you have

251ots of earthqu.akes over here "ut ver-/ few earthquakes over |
?
?

!
. -
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{j i here (indicating).

2 I think what we are seeing 10 the sensitivity
3 aspects. So generally, the 1000-year, the peaks are more

O
4 conservative with deterministic. They represent real

5 dif ferences in seismicity and perceived hazard. If we look
|

6at the spectra, I will give you two examples of the spectra.

7 Here is Haddam Neck. This red line represents the

8 probabilistic spectra or th.e 1000-year spectra from using

9 the Ossippee earthquake, one we think at this point we

10 should use. The 50th and 84th percentile represent the

) 11 spectra derived from peak acceleration and peak velocity,

12 amplified using Newmark and Hall's amplification factors.

13 Generally we see that for Haddam Neck the

141000-year spectra falls at about the 84 percentile level.

15 If we go to looK at Big Rock Point, the other end of the

16 spectra, we see that generally we fall below the 50th

17 percentile. Again, this is a reflection of the fact that i

18 while the probabilistic spectra are sensitive to perceptions

19 about seismicity and seismic hazard, the 84th percentile are

20 completely upside down and geared to an approach which says

21 use an actual historic earthquake in a tectonic province.-

22 (Slide)
.

23 So generally, if we look at all the spectra -- and

(]) 24 I can 'show you all of' them, they are in the handout -- in

25 the central U.S. it is 1000-year-spectra and they are at or
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1below the deterministic spectra, while the eastern spectra,[}
2 the 1000-year spectra, are at the 84th percentile

3 deterministic. In the deterministic approach followed
O

4 before, practically all the acceleration and velocities were

5below the probabilistic.

6 Now we see when we use the spectral amplification,

7 that that factor is taken up in the so-called empirical or
>

8 deterministic approach. The conservatism is embodied in the

9 assumed spectral amplication, whether it be Reg. Guide 1.60

10 0r the spectral amplification factors of Newmark and Hall.

11 If we compare this to Reg. Guide 1.60, then here

12 we have sites in the eastern United States. Here is Reg.

13 Guide 1.60, anchored at .lg., Reg. Guide 1.60 anchored at

_) 14.2g for the eastern part of the United States. For the

15 eastern part of the United States or the northeastern part

16 of the United States, the spectra are generally above .lg.
17 If we went out and used the tectonic province

18 a p p r o a ch , every one of these sites would be at somewhere

19 between .13 and .2, depending upon what was the

20 interpretation at that time, who the reviewer was, and the

21 amount of conservatism it was felt could be put into this.

22 If you want to look at it in terms of strict

23 application of a standard review plan without any sort of

(]) 24 modi fica ton , then you would get a band which would go

25 something ' like that (indicating) .

,

\- |
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O ' tr vo" took et th* ""tr 1 P rt of the united

2 States, we see that now the spectra fall generally either at
3 or celow .lg. Again, if we went using Trifunac and Bracy4

4 and Reg. Guide 1.60, again the spectra would fall somewhere

Sin this band. Tne reason in the eastern United States they

6 fall above and in the central United States they fall below,
7 again we think is really an expression of the perceived

8 seismic hazard by the experts and, we think, by the

9 seismological community in general.
10 (Slide)
11 Again, this is just repeating what I said before.

12 In Reg. Guide 1.60 -- it was conservatively derived.
.

13 Although the peak acceleration, .13, was less than most of

14 the probabilistic acceleration, the conservatism in that

15 approach is very much embodied in the kinds of spectra used,

16 and that was Reg. Guide 1.60.

17 That is why it is very important not to only talk

18 about a minimum g value, what acceleration, but how it is
19 being useo. If I took a group of spectra -- I would get

20 determinations half of Reg. Guide 1.60. At some time in the

21 future when we discuss peak accelerations, please make it an

22 integral part of the whole review process and do not treat

231t separately from everything else.

O .24 (S11ee)

25 Another thing tnat was done is we asked Lawrence I
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(]) 1Livermore to go out and look at real earthquake data from

2 the western U.S. , the idea being that at least in the nearby
3 regions, less than 25 kilometers, factors such as

4 attenuation will not be pronounced between east and west.

5 There are some other things that could cause it,

6 source dif ferences, but generally you might be looking at .

7 the same level. Here what we have done is presented the

8 spectra for rock sites for a magnitude 5.3 plus or minus .5
'

9 event, from western data. The reason we did that is that

10 Nuttli associates magnitude 5.3 with about intensity 7, and

11 intensity 7 seems to De aoout the level of earthquake that

12 seems to occur in many parts of the eastern United States,

13 and may, indeeo, be really at this point indepenoent of

(G-
1

> 141oc a tion . Maybe this kind of earthquake can occur in any
15 part of the eastern United States.

16 Here have the 50th percentile, and we see the 84

17 percentile, and we see that for the rock site, the data

18 falls either at the 84th percentile or somewhere between

19 them. I mig'ht ado the large spread is in many ways due to

20 the fact that because you do not have many earthquakes a'c

21one magnitude or distance, you have to take earthquake over

Z2a large magnituoe range at a oistance range from 0 to 25

23 kilome te rs . There is a lot of spread in that,-so you get a

() 24 very large dispersion.

25 (Slide)

O
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{} 1 If you look at soil sites, then we see again the

2 spectra fall between, except for three 3000-year spectra,
,

3 Palisades , La Crosse and Big Rock Point, at periods aroundO
4.2 or .3 seconds. Although we believe that these spectra,

5 represent true relative risk or relative hazard, we believe

6 that it is prudent, beca';se o f wha t we know , what we think

7 we don't know aoout intensity 7 earthquakes, that we

8 establish this median as the minimum below which we do nei
9 allow any of the spectra to fall.

10 DR. OKRENT: Would you tell me what the 50 percent
;

11 curve is again and how it is generated?
i

12 DR. REITER: We asked Lawrence Livermore to go out
'

13 and get all the records they could, the western United
O
k/ 14 Sta tes , Italy and other sites, for various magnitude ranges.

15 0ne was magnituoe 5.3. They went out and ve said, let's

) 161ook at all the soil sites we have. There is approximately
)
j '7-- I don't have the numbers here -- I think it was around 13

18 or 14 sets of records, which is 28 components, and that is

19 the da ta . That is what it is.

20 DR. OKRENT: What did they do then?

21 OR REITER: Then they just computed, assuming a

Z21og normal distribution, computed the 50th percentile or

23 me dia n , and the mean plus 1.

(]) 24 DR. OKRENT: And this places the earthquake where

25with respect to the site?

O
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1 DR. REITER: This set looks at all oata you have)
2 nearby the source, and nearby is defined as distances less

3 than 25 to 27 kilometers.()>

4 DR. OKRENT: So if the data happen to come from

5 points that were 20 to 25 kilometers --

6 DR. REITER: There was no correction made. There

71s a reason for that, and part of the reason for that is

8 that I guess we are dealing in the western United States,

9 where we have surface rupturing and explicit -- faulting

10 near the surface with perhaps a very sharp fall-of f as you

11 go away from that rupture. And you might say there might be

12 significant dif ference between 8 kilometers and 5 kilometers

13 or 10 kilometers.

() 14 We did see this in the Imperial Valley, but in the

15 eastern part of the United States there has been no surface

16 faulting. Earthquakes occur at depths at 10 or 15

17 kilometers. Generally the maximum intensity occurs over an

18 area which may go out to 20 kilometers. That was the

19 driving point behind it. That way we got earthquakes in the

20 eastern United Stat'es.
t

21 Nuttli, for instance, puts the maximum intensity

22 zone at around 20 kilometers. That was the driving factor,
|

23 the observed maximum intensity, and the facts that eastern

(} '24 earthquakes are occurring at a depth greater than western
|

25 earthquakes. Clearly, if we have lots of data, we could do

O
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(]) I the kind of refinement that this could allow. But the
.

2 point, again, that we are trylon here is an attempt to go
'.

3 out in the real world and take a look at where these spectraO
4 fall.

5 This was the approach that we did in Sequoyah,

6 where we used a magnitude 5.8.

7 (Slice)

8 So again, we find in these computations that

9 generally six sites fall between the 50th and 8dth

10 percentile, while three fall less than the 50th percentile.

11 We think it is an obvious answer: that Palisades, La Crosse

12 ano Big Rock Point are in Mi 2higan and Wisconsin and

13 represent areas of low seismicity.

14 Sy establishing a uniform standard, you are not
'

t 15 taking into account relative dif ferences. But we feel at

16 this point, however, that we need such a minimum standaro,

17 and it is our recommendation that we use the madian of the
18 50th percentile. We recommending using a 1000-year spectra

19 except where they would go below that 50th percentile. That

a is our conclusion.

21 DR. OKRENT: Okay. I guess I myself would find it

22 ha rd to know why_the combination you have proposed is

23 suitaole for. evaluating the seismic design of these plans or

(])) 24 plants to be constructureo or so forth, without having some

| 25 way of translating this to the seismic contribution to risk.

O'Q,r
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(]) 1 We had a considerable go-round with the NRC staff

2 on ATWS, which is still not nr essarily at an end, in trying

3 to deal with probabilities of events there. It was certainly

4 relevant to the thinking. What is the probability of having

5some accident as the -- caused by the original event.

6 If we cannot go from your 1000-year event to some

7 chance of an accident, and also if you do not tell us what

81s the 10,000-year earthquake and the 100,000-year

9 earthquake, and what is the chance that this will cau :e an

10 accident , it represents a more detailed examination of ' ie

11information but not necessarily any more plausible way to

12 judge that we have an adequate design.

13 DR. REITER: Well, we will discuss that later, but

14 I think you are right. I mean I don't agree with your

15 conclusion , but I think your idea that really the way to do

16 this would be to use it with an integrated risk assessment.

17 Indeed , perhaps when he results of the SSMRP come out, we

18 may De able to use tnose. Perhaps two years down the road,

19 we will be able to involve an integrated risk assessment.

20 At this point, however, I think we have to make 3

21 decision on what is the best way to go. I want to point out

22 on the question of the 1000-year earthquake, we don' t

23 believe that the only thing we can say is based on our

(]) 24 a s se s smen t . It is in the general ballpark. Then we go out
'

-25and take a look at it and look at other methods. That is the

1\s

,
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() 1way that we are scaling. We are determining that that is the
2 proper way to go. We do not think we can pin that

)
3 probability down exactly.

4 OR. OKRENT: Let me complicate your life a little

5 bit, then, this way. I do not really are whether it is a

61000 or 3000 or 5000-year earthquake. I do not think you are

7 selling the 10,000-year one. If you are, let me know.

8 DR. REITER: I am selling it as something on the

9 order of a 1000 or 10,000. It could very well be the

1010,000-yea r earthquake .

11 DR. OKRENT: It is conceivable that you could have

12 two sites where at the -- I will use a median number. At

13 the 5000-year earthquake you see a substantial dif ference by
O>\- 14 your method of analysis, and 50 percent or more, let's say,

151n important seismic design parameters.

16 These same sites, if you went to the experts and

17 you askea them what is the 50,000-year earthquake, they

18 might not have any basis for distinguishing between the
19 two . It could be that when you did the risk analysis, that

20 the principal risk came from the earthquakes more like the

2150,000-year one than the 5000-year one, whatever it is, in

22 which case you might have thought, gee, Site A, La Crosse or

23 whatever it is, could really have a much less design basis

([ 24 based on the 5000 or 1000 or whatever it is; and yet, if you

251ook beyonc, they should not have a alf ferent design basis

('\
k,_

ALDERSON REPORTING COMPANY,INC,

300 7th STREET, s.W. REPORTERS SUILDiNG, WASHINGTON, D.C. 20024 (202) 554-2345
m



_ _ _ _ _ _ __ _ _ _ _ _ _ _ __

356-

(]} 1 because, in fact, you are using this margin to handle these

21ess frequent earthquakes, and that is really what is

3
3 important.

\J
4 So I am saying, in fact, in my opinion, dealing

5with only the one design basis, the one for which you try to

6 design the plant, which if you have done it right, in

7 principal you should not even have an accident, it is only
8 half of the picture, as it were. And if you don't have a

9 basis for estimating what is the earthquake, ten times less

10 frequent or maybe even one hundred times less frequent, you

11 could , in fact, end up with a poor decision.

12 DR. REITER: I think I want to reemphasize,again
13 that we are using the probabilistic methoc here as a

( 14 rela tive tool . The general level of that prooability is not

15 determined by the exact calculation but by several factors.

160ne of them is the general level of the implicit acceptance
17 o f risk. That is only one part of it.

18 The other parts are how it fits with respect to

19 0ther methods we use. The principal use for us at this point

201s the relative method to let us get at the ways that we can

21 be consistent at Big Rock Point and not require the same for

22 bo t h .

'

23 DR. OKRENT: You did not hear what I said. What I

() 24said is this relative one could in principal give you the
25 wrong answer. Where you think you are really coing
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(~ ) 1 some thing on a relative basis and allowing for the,

2 dif ferences , if you have a way of evaluating the risk and

31f, in f act, these do not fall off at the same rate as you
'

4go to lower probabilities but they tend to reach a plateau,
; 5 then, in fact, you may have arrived at an erroneous .

6 conclusion. That is what I am saying.

.; 7 DR. REITER: You are telling me you want to look

8 at other risk levels to really get a better picture.
,

9 OR. OKRENT: I think if you don't, you will arrive

10 at an erroneous conclusion.

11 DR. REITER: Given the options we have now in

12 terms of what we are capable of doing, I do not see any way
; 13 at this point of doing that. We have to make a decision at
! (') 14 this point how to proceed, and I think that perhhps it is. '-

15 not the complete picture. I think you have to look at those

16 kinds o f things.

17 But given what we have now, I think this is a

181ogical way to proceed, and I think it is a better way.to

19 proceed than a method which gives me the same numbers

20 everywhere throughout all those sites, even though the

21 seismicity is olf ferent. That is the key question.

22 I really think the best way to do this thing is

23 s a y,, hey, we want the 30,000, 100,000-year eartnquake, we

() 24 want to do integrated risk assessment, and let's see what

25happens. Maybe it is a 50,000-year earthquake. Maybe it is
;

1

O
;
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i

O- 'e too ooo-veer eartnoueke- as 1 tniax you said, wnet ere

2 the challenges at various levels? But we do not have all

3 those abilities now, and I do not think at this point todayOi

; 4 we have the capabilities of computing those numoers.

5 What we are attempting to do here is a strategy to

6 deal with that information we have with the work that is
7 done and attempt to come to a conclusion which we think,

8although it may not be the best decision, perhaps is more

j 9 rational than the decision that we could make without this.

i 10 That is the trust of what we were trying to get at. >

|

11
,

.

12
,
J

t 13

14

:

| 15

16

17

i 18
j

19

20
,

t

21

22

)
24

.

25
,
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!

!
;
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I DR. SIESS: In your determination for the explicit
tf7
fiwd er 2 risk, what year did you go back to?g

3 DR. REITER: I said I had been onthe staff for four

( alu 4 years.
j

5g DR. SIESS: If I look at Dresden, for example, you. ,

e,.

@ 6 come up with .134, an acceptable -- corresponding to an
R
b, 7 acceptable risk. Why would I not be justified in concluding
s
j 8 that .2 was the acceptable value? That is about what Dresden
d
::i 9 2 and 3 were designed for.
?
@ 10 DR. REITER: You could do that. That procedure, which
!

@ II said, "Let's take the largest earthquake which is intensity
a

N I2 VII-VIII, and let's go to the Trifunac and Brady mean."
im 5

13 DR. SIESS: We have been doing that for so long now

!| 14 that certainly almost all of the reactors that have been built
$

h
15 since the SEP plants have been on that basis.

=
;

j 16 DR. REITER: Right.
us

!i I7 | DR. SIESS: Which is an implicit level of risk and
N l

f 18 an implicit level of acceptance of a somewhat higher -- lower
]
'

C
19q risk than you got for the early plants.

n
20 DR. REITER: I will make one comment and then Howard |

l

2I can continue on, because he is going to discuss the individual
'

O 22 designs on e,cs p1amt.
;

23 ' Uhat I am saying here is that when those numbers were

O 24 i 1ooxed ae, those 1 eve 1s, whether it be .13 or .2, and the number
,

!|
|*

25 ) varies, when people did the calculations, the general numbers
3
,

I
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3GO
1 that people were coming up with looking at the risk maps, the

bfm2
-3 -4()

2 growth calculations were on the order of 10 10, .

3 I am not saying that represented -- .2 represents the

4 real risk. There was an implicit acceptance of those numbers.

e 5 MR. LEVIN: Dr. Siess, one thing you are correct in

h

h 6 as far as Dresden 2 and 3 are concerned, the original PGAs were
,

R
$ 7 .2 Gs. However, the response spectra was anchored to that

s
j 8 value. I mean, you really look at it across the frequency bound,

O
d 9 as an example,
i

h 10 That although the spectra that Leon is proposing have,
3

{ 11 let's say, lower PGAs than the 2. If you look at it across the.

u
y 12 frequency band, the spectras start to look very similar. So,

5
C.s) d 13 I think what we have to do is get away from looking at the peak

.

E

| 14 accelerations and look at the engineering frequency range of

$
2 15 interest.
5
j 16 , DR. SIESS: If someone would take Dresden 1 and analyze
* I
g 17 | it for the same spectrum that was used for Dresden 2 and 3 and
w
=
$ 18 show that it was just about as good, I would get a great deal

5
19 of comfort from that.

A 6

1

20 | MR. LEVIN: That is exactly what we intend to do.

!

21 I DR. SIESS: My assumption would be that these SEP

() 22 plants were not as good as those plants built later. I think

23| they did accept a lower risk in those days because we were not

'

(~) 24 i as aware of earthquakes.
.(/ i

25;) I would be -- I would be a little bit surprised if
,

K
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I we did not.

O 2btm3 DR. REITER: Perhaps $t this point, Howard could present

3 a comparison of what the actual designs were.
(~x() 4 DR. OKRENT: Let me add a point pursuant to your last

g 5 comment. I think, in fact, you do not have to have the benefit
0
@ 6 of everything we hope that Livermore will provide us via the
R
S 7 SSMRP program to have important additional information.
Ej 8 I think if you are going to go to the trouble of
d

} 9 trying to get this probabilistic treatment, ard do it at the --
z
O

$ 10 you estimate it at the 1000 and 4000 year interval, I think, in
$
$ II fact, you should try to see what you get at some higer returni

2
i

@- I2 I periods because that is relevant information to your decision-

O
=

13 |!
2
5 making.
= ,

'

14. If there is some reason to question whether they fall
&

$ IS off at the same rate, or whatever, or reach a plateau, that
=

j 16 should influence you decision as to whether the differences that
a

d 17 ! you see at what they normally call the 1000 year period is
5 i
u

3
18 really valid or not.

= *

b i

,9 | Do you see what I am saying?'g
" |

20 DR. REITER: I understand what you are saying.

2I DR.OKRENT: It sounds to me like you could be tooled

rg
(_/ 22 up to get some insight into that area.

I

23 : DR. REITER: Larry, did you attempt to do longer return

() 24| periods? Did you observe a general trend when you did the longer
'l

25 [ return periods?
i

O:
1
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bfm4 .) MR. WIGHT: No, we really did not calculate any spectrag-)
\_./

2 and longer return periods than 4000. We did look at individual

3 experts' results.

O 4 My recollection is that for return periods up to about

5
3 10,000, we did not look at anything beyond that; that the same
e.'
3 6e trands we saw at 1000 continue. That is the central U.S. appear
,

a
n 7
j to be proportionally less hazardous than the eastern U.S. sites.
N
i 8s j (Slide.)
a

["-
9

MR. LEVIN: My name is Howard Levin. I promise you
_

E 10
g I will be brief. This vu-graph summarizes the original FSAR
=

f II seismic input that was use'd in the original design of the eleven
d 12z SEP plants. The plants are listed in order of their vintage.

('N 3
(_/ : 13g j Dresden was the earliest and proceeding to Palisades.

-
t

* I4 I The most evident thing is that the first four plants used either

0- 15
h uniform building code, or in two cases, there is actually no
=

j 16 consideration of seismic design -- of a seismic input value in
,

W !

C 17 !
$ the design.!

=
IO I would like to point out that that was consistent

# I

8 | with the buidling code provisions of the day for plants located
n <

0 in that region.

(Slide.)

I 22 iA' In a few minutes, I will be showing examples of thep

23 original design spectra with the NRC proposed site specific !

24
spectra. In addition to spectra, which~may be considered today

25 as representing current criteria along with other spectra, which
i

:

I
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|

1 | various SEP licensees have proposed for use in the SEP evaluation.

2i Before I get into that, I think I would like to summa-
1

3|, rize for you what the results would yield. In a nutshell, there
'~x
I

4i are three facilities, Dresden 2, Plaisades, and Oyster Creek,-'
i

i

e 5i where the site specific spectra across the entire frequency
e 1

9 .

@ 6| range or lower than the original FSAR seismic input.

7|'E
There are two facilities, Ginna and Mill, where the6

;

j 8 site specific input is higher, but we are projecting very minor

d i

9| impact into that,
z i

= \
y 10 t Then there are five plants where the site specific
z .

= i

j 11 spectra are considered to be significantly higher than the
i

~

!$

:j 12 | FSAR values. For four of those plants, it is because there was
5 I-,

| ) { 13 a very nominal consideration originally.

5 I
i At San onofre, although it was not considered in they 14

$
2 15 context of hte Lawrence Livermore TERA project and our evaluation
5
y 16 there was a decision. We might talk about this at some other
i

d 17 time where .67 G spectra was proposed for contbudng reevaluation.
x
5 i

I5 18 , We are projecting an impact there.
: |r ,

$ 19 | (Slide.)
a

20 || DR. OKRENT: Do ypu have those figures listed anywhere?

21 I MR. LEVIN: You have --
i i

:i

(~') 22:) DR. SIESS: Which were higher, which were lower?

O
23 j MR. LEVIN: I did not list those, but if you like, I

I

~

l

t' N 24 ) can. |

25 .; DR. SIESS: I would appreciate it.

f.
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1 MR. LEVIN: Okay. The three plants in the lower were

'6
2 Dresden 2, Plaisades, and Oyster Creek.

3 DR. SIESS: Okay.

4 MR. LEVIN: The two plants which were higher were

s 5 Ginna and Millstone. The five plants were Humboldt, Big Rock
A

h 6 Point, La Crosse, Yankee Rowe, and Dresden 1.

R
g 7 This slide is interesting because I have plotted here

s
8 8 original seismic input from two plants. They are' located in
n

d
d 9 the same site, Dresden 1 and 2. Hammmr, you can see the

Y
E 10 original input was substantially different.
E
_

E 11 The red line here is the site specific spectra codes
<
3
d 12 by the NRC staff. The dashed green line is the original .2 G
E

p)
d 13 response spectra. The blue line is a spectra which is a .2 G
=

(_
E

$ 14 Reg Guide 1.60 spectra, whcih we might consider if this were a
5
e
2 15 CP, which we were licensing today.
$
. 16 It may turn out that way. This is the original]
2 |

d 17 | spectra, equivalent UBC kind'of criteria that Dresden 1 was

E
5 '18 designed for. This yellow line is the proposal by Commonwealth
=
H
E 19 Edison to use in reevaluation.
x i

5 i

20 | It was a site specific response spectra develcped
I

21 | by FUGRO. The interesting thing here as far as the Dresden

() 22 reevaluation that was talked about this morning is the original

i

23 Housner spectra is very close to that, which we are proposing.?

() 24 It just so happens that that works out very conveniently

s

25 f for Dresden. I can go through site by site, but maybe before I
I
f
:

!
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I do that to see how much of this you would like to see, I can

O 2 go through what we feel the anticipated impact of each site for

3 the individual spectra.

V 4bfm7 (S lide . ) I

5
% In the left hand column is the facility name, the ori-
" I

j 6i ginal FSAR, the seismic input. This is the PGA that comes out
R
*
" 7 of the NRC proposed spectra. I hesitated to put that on the
"
x 8M slide because I do not want to focus attention on the PGAs, but
d

]". it's just there as a reference.9

O

h
10 In the structural area -- I think the right hand portion

=
5 II of this chart is consistent with the conclusions we gave this
'

s

k
I2 morning. It is more specific on a plant specific basis, how we

n=
13 intend things to go.

3 14
@ In the structural area, for the most part, we anticipate
*j 15 | either no impact or minor impact. In the one case, we already
=

j 16 know there are major impacts on the structural area. That is
us

I7 due to a very unique situation at the Yankee Rowe plant, in the
=

18 |3 way that the reactor internals are supported on concrete -- steel ;
-

c
b

-

I9 ' Iencased concrete legs. Since they were not designed for greaterg
f"

20 ! loads, there is a problem.
I

2I| They_will' require stiffening, or reenforcing. The

22 mechnaical area for the most part -- these ar'e for the group one

23 ' plants, the later vintage plants we anticipate relatively minor
1

/3
24{I impact. The group two plants we aaticipate major impacts,(,)

.

25 primsrily because pipe supports and things of that nature wi.ll

b
f
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bfm8 1 have to be provided in piping.-

\-) 2 I might add as far as other mechanical components, such

3 as pumps, as an example, we don't anticipate great impact

4 primarily because other things control the design of a pump and

5j the way it was founded on its pedastal, such as thermal
9 .

5 0! hydraulic lifts.
R
*
S 7 Due to this kind of consideration, you find that items
s
i 85 of that nature can be found to have seismic resistance capability.

|d
9|-

}. Virtually every plant in the electrical area we are anticipating
-

R 10
g major impact.
=

! II | We have already identified the concern with the anchor-
?

f I2 age and support. I believe it is going to be a very difficult
/~ 3k-) 13| road ahead in demonstrating the functional capability of the

3 14g ; equipment. As some of the members of our team pointed out, our
h I
C 15
b assessment has been largely judgmental. I think that in the
=

E I0 next few years the industry and the staff will be involved in
A

$ 17|I great detail in the electrical area, demonstrating functionability.
C

2
~

g 18 Now, Mr. Chairman, if you would like to go thorugh
P
"

19 I other examples of other sites, I presented them in the handout.8
n

20 We can go through them. If there are any that you are interested

21 in, we can put them up on the screen, similar to that Dresden
I() 22 chart.

MR. EBERSOLE: Before you do that, is it fair to say

) i that in the lower group up there, because you are going to have

25 major impact on electrical, is it merely becausc ou are goingi

d

;
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,

I to -- have to do some work that you would have done even if you
,

V 2 did not change the earthquake spectra?
,

3 MR. LEVIN: That is true.
O
V 4 MR. EBERSOLE: It is a process of clearn-up?

g 5 MR. LEVIN: We have, as we indicated, a tremendous
;

0
@ 6 documentation problem.
R
$ 7 MR. EBERSOLE: I mean, if you did not change the
s '

j 8 earthquake spectra at all, you would have a problem looking
d
d 9 at the seismic confidence?
Y

@ 10 MR. LEVIN: I think that is true in that area because,
E

h II | let's say, fcr two plants or for, let's say, a total of seven
,

B j'

$ 12 plants it has been somewhat of an escalation, but that is what
=

13 ! is driving that conclusion.ss

=
m

5 14 MR. EBERSOLE: Okay.
5

{ 15 MR. RAY: Will you impose a mangitud? for which the
=
*

g 16 | restraints must be capable by .1 or .2 G?
W

d 17 ! MR. LEVIN: That will be determined through -- what
w i

*

{ 18 |I we intend to do is take the suggested ground spectra and
c !

b !

19 i recompute structural response spectra and the equipment will havec
5 1

20 to be reevaluated for those spectra.

2I MR. RAY: You mean the same spectra that you'are

) 22 evaluating structural and mechanical on?
i

23 ' MR. LEVIN: We will go into the structure and get an

() 24 in-strucure response spectra. That is what we will use.

25j MR. RAY: Then the qualification of the electrical
e

f
;
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I installations to support the ability to safety shut down thef-(,311 0
2 plant and initiate emergency cooling RHR in one is going to be

3 improved or at least improved?
-

4|| MR. LEVEIN: I hope we will improve it. That's right.
i

g 5| MR. RAY: I've beendiscouraged because I did not get
" i

the slightest inkling up to this point that that was going to be
,

n
7 the case.

n
E 8M In fact, Mr. Ebersole asked a question at the outset
d i

is 9
]. whether or not any considerations would be brought to bear on
-

E 10
g electrical facilities.
=

II My impression was there was a negative answer. Maybe

E 12 ! I misunderstood.
"

;

I~) O
3''

5 MR. EBERSOLE: What you have just shown is contradictory,

- ,

z 1

$
I4 ' to one of the first questions I asked up there, where you had

k

{ 15 a statement earlier on. Let's see, who made that? Mr. Bagchi.
=

d The slide showed developmental methods and so forth.iA i

17 '"
@ ; My question was did that mean you were going to conduct a general
5 18 l3 examination for potential deficiencies and identification of
~

"
19 those systems that had to be seismically competent, would the8 -

i"

20 i scope include reidentification of functional systems which would

2I now need to be identified as being functionally adequate?

IT
22 | The answer was, no, you weren't going to do that. Here,'

(_/
!

23 ' this says you are.

(]) 24 | MR. BAGCHI: I am trying to return that -- I am trying
4

25 ) to answer tha*. question. I was discussing' task action plant A-40.
t
d
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-bfmil
I What you are hearing now is a discussion on systematicn

U
2 evaluation programs. Systematic evaluation programs goes out,

3 looks at specific plants; the ten or eleven older plants. That

O
program certainly is charged with looking at those specific |4

5g plants.
?

$ 6 MR. EBERSOLE: They will carry the seismic reassessment
R
b 7 load?
E
2 8n MR. BAGCHI: Yes.
d
" 9
~. MR. EBERSOLE: That took the load off your back in
z
t

h the seismic area because they are going to carry it, right?
:

k II MR. BAGCHI: Yes, sir.
is

N I2 MR. EBERSOLE: Thank you.
~

135 DR. SIESS: Would you put the San Onofre slide up?
: i

I4 MR. LEVIN: I might add, Dr. Siess, that this was
, 3

h
15 not established to any of the considerations that you have heard

::

E I0 today by Livermore and TERA.
i

i A \

! -

U I7 ! DR. SIESS: There is not one on there for the design
5 l

i

j { 18 basis. You have 67 -- ),
1 c .

$ 19 f MR. LEVIN: I have .67 plotted. The original design
5

20 basis was .5 G Housner spectra.
t

21 DR. SIESS: Has it .en reexamined for .67?

V 22 I |O
MR. LEVIN: A portion of the reactor that has the

23 reactor coolant loop. The -- that item has been evaluated

O 24 : a1,e,dy. 1n cert,1n c,ses, modi,1c,tions have 3een maee. The

25j support of the steam generators have been modified.
f
I
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1

Ihfm12 DR. SIESS: In each case where you put the FSAR design

2"

basis, the coefficient is what?

MR. LEVIN: As far as this, I have not attempted to --

I'\~ 4! DR. SIESS: Not on this one, on the others.'

MR. LEVIN: On each of them I have plotted -- here, I

$ 0 plotted all two percent, so you can compare them. The othersi

R
*
D 7 I have compared straight five percent.
s
S 8M If we were doing the evaluation, we would use appro-
d

}" priate damping values.9

-

E 10
j DR. SIESS: They are not strictly comparable. For
=

h
II example, on Dresden, where we show the .2 G Housner and the

s
d 12 five percent for D-2, D-2 might have been using three percent.z
-

"

13^

5 Something lower than --
,

14 MR. LEVIN: Let me make a specific example. Dresden
e
0 15
h used five percent for concrete, originally, okay? If we want

!
z

j to compare, let's say, our site -- and we were using between- 16
z

. I7 | seven and ten percent, okay. l

5 18 |W If we wanted to compare, we would not compare -- this
_

c
w I9
_2 i is five versus five. We would now compare the original five
n

!
20 percent to our site specific at seven and ten.

'

DR. SIESS: Forgetting site specific now, compate

() 22 D-2 and D-3. What were they using for cancrete?
i >

23 ;!
1

MR. LEVIN: They were using five percent. In our
i

/~' 24 i(_) y reevaluation, we are proposing seven to ten ' depending on the
4

25 ) stress levels. j

i
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Ib_fm13 DR. SIESS: Five percent for concrete -- Reg Guide

- 2 1.61 says five percent.

3 MR. LEVIN: It says seven percent.

4
DR. SIESS: They designed for five percent?'

% MR. LEVIN: That is correct.
"

3 6
; DR. SIESS: So, if I compare their .2 G Housner, five

E
"

percent with Reg Guide 1.60 at seven percent, I will get --
N
9 P'n MR. LEVIN: You might get the difference between what
d
" 9|

- they did and what we require in current criteria today.
~

-

E 10
j DR. SIESS: It is smaller than I get --
=
2 li MR. LEVIN: The objective of this slide was to illus-g
" 12

i z trate any kind of damping.

() 13
g DR. SIESS: You cannot draw a response spectra indepen-
z

f I4 dent of damping?
5
h MR. LEVINi It depends.
=

DR. SIESS: Independent of theory?

F 17 '
.

! MR. EBERSOLE: Would you put that table back up therej
=
5 18

i end t5 again, please, just a second?g

er flw |
"

t6
20

21

() 22i

23|j
4

C) 24j
3

25 ]

(,
'

#
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( 1 DR. SIESS: Whether or not those damping factors

2 are the real ones, they are different. There is a real one4
3 for the plant.

4 MR. EBERSOLE: On the last two columns on the

S r: ght there where you show major and minor impacts on tne

6 el !ctrical, this pertains to the ten SEP facilitics in the

7 seismic context, right?

8 MR. LEVIN: That is correct.

9 MR. EBERSOLE: That is only ten. How many which

10 are not SEP plants which are going to be impacted by seismic

11 upgra ding?

12 MR. LEVIN: By site-specific spectra, let's say?

13 MR. EBERSOLE: Yes. In other words, there are a
p'
' - - 14 lot more plants that are going to have some major and minor

15 activities when you apply the new seismic criteria, right?
16 MR. LEVIN: I guess from our perspective now, and I

17 think I indicated this morning, I think seismic design

18 cr .teria evolve most significantly throughout this period.

19 50 by the time you start looking at a plant like Millstone,

20 the way it was lookeo at was very similar to plants which

21 are -- as far as operating plants in the middle vintage.

22 MR. EBERSOLE: You do not expect every impact --

23 MR. LEVIN: I cannot conclude that if you did a
o() 24 site-specific evalua tion a t other sites , that you would not

25 find, let's say, in some frequency ranges, spectra ordinants

|y,
'

's
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i

{) 1which were higher. But based upon this look -- okay, I

2 cannot say this with 100 percent certainty -- I would

3 anticipate that you would te able to deal with that unless_

''
4 you were located in an area of unusual -- either for one

5 reason or another, the original seismic input was
.

|
6 particularly low for one reason or another, and tnings that

7 happened over the years --

8 MR. EBERSOLE: I am getting back to the point that

9 even if you did not adjust the site-specific -- seismic
,

10 criteria at all, in the process of reviewing ano cleaning up
11 the plant , they are going to be more than those involved, j

12 tha n these on the SEP list. !

|
13 OR. SIESS: He is talking about qualification of

() 14 elec t ric .
~

15 MR. EBERSOLE: Right.

16 MR. LEVIN: I believe that that will ultimately be

17 for all operating plants.

18 MR. EBERSOLE: Yes, beyond the SEP group.

19 DR. SIESS: It is already being addressed.

20 MR. LEVIN: I would not personally advocate going

21 through a detailed evaluation as we have in SEPs for all

22 operating reactors. I think what we should attempt to do is

231ook at the areas which appear to be wink links, maybe '

(]} 24 electrical, and look at them. I don't think it is justified
25to go through the whole thing.

O
.
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{) 1 MR. EBERS0LE: This is a guide for where to look

2 on the others.

_ 3 MR. LEVIN: That was the intent of the program.
''

4 DR. OKRENT: Is there any thinking that Yankee Rowe

Sand La Crosse are small areas at remote sites, and Oyster

6 Creek and Millstone are mealum to largest reactors at

7 relatively more populated sites?

8 MR. LEVIN: I know what you are getting at. You

9know, I cannot say it is explicitly addressed in a

10 quantitative sense. If you illy took a probabilistic base

11 study such as TERA-Livermore nave proposed, one could

12 certainly , let's say, incorporate the effects of population

13 density and things like that in evaluating the total risk.
r~g
\/ 14 I think it is qualitatively adjusting the review.~

15 DR. OKRENT: At some point the Commission is going

16 to have to decide what it thinks should be backfit and what

17 need not , and I would assume that we are getting to a point

18where it is not based on the assumption all reactors are

19 equal , because I think the Commission is departing from that

20 currently in connection with three large reactors at highly
21 popula ted sites.

22 It may be, for example, that if what you are
'

23 proposing based on some of these consioerations is adequate

(]) 24 for Millstone and Oyster Creek, or example, you could decide

25you could accept something less for Yankee Rowe and La

O
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(]) 1 Crosse, just as an example.

2 MR. LEVIN: I am not sure if I know how to do that.

3 DR. SIESS: Was Humboldt Bay originally in the SEP

411s t?

5 MR. LEVIN: Not in the original list as I knew it.

6 MR. BAGCHI: It was certainly on the list

7 originally, but it was shut down for considerations of

8 faulting, so it was automatically eliminated.

9 MR. LEVIN: The two basic criteria are, one, they

10 wan ted to get the old plants in. There were various plants

11where there were full-time operating license conversions,
12and one of the objectives of the SEP is to convert those

131 ice nses .

Os-'

14 MR. KNIGHT: Along those lines, management has

15been directed to start factoring those considerations into

16 0ur priorities , so tnat very definitely, a larger plant, if

17 you will, in a population center or some places of denser |

l
18 population would be given priority both in terms of j

19 attention and backfit, as compared to some of the smaller

20 plants or plants in a lower population area.
!

21 That philosophy is woven rather tightly, for our

22 pa r t .
i

23 DR. OKRENT: I cannot tell.' At the moment what I
~

() 24see is the result of an effort to try to evaluate these all

25on some consistent basis, and in fact, it may well be that

()
. . . ,
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(]} 1 this is as consistent a basis as you have for evaluating

2 these sites witn regard to the probability of the "1000-year

. .
3 earthquake. "

4 I am not sure how the decision will be made as to
i

5 what need to be modified. That could be automatically that

6 whatever flows from the result of this is what you do. That

7 sort of would be the simplest. But it might not necessarily.

8 represent the most judicious expenditure of resources, j

9 MR. KNIGHT: In fact, at this point we don't know j

i
10 eithe r . I

11 MR. EBERSOLE: Could it take the shape of not )
12 qualifying engineers, equipment at all, but just get the --

13 MR. LEVIN: Maybe I could say a few words on that

} 14 because that , in fact, was brought up as a possibility in,

1

'

15SEP. I think the philosophy went as follows: if you look at
i

16 the raf ter coolant pressure boundary in detail and you felt

171t was well bunkered and you are very confident about it,

.

18 and the seismic event was not going to cause an accident,

19 then why would you need it?t

; 20 But I think the current thinking on the staff is
j

21 that the seismic event is not likely to cause a full
,

' 22 douole-ended break out of LOCA, but there is a possibility.

23because of other unknowns that you may get a small break.

() 2450 we did not want the ECCS equipment to be laying on the

25grouno, and we wanted it available.

f~h
U
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(T 1 So I think the thinking changed ano we felt thatV
2we had to look at engineering safety features.

'
3 DR. SIESS: Is that list in chronological order?O
4 MR. LEVIN: In order of their CP.

j 5
~

DR' SIESS: In order of their construction permit?

] 6 MR. LEVIN: Yes. Basically, it goes from --

7 DR. OKRENT: I guess we better go on, Mr. Levin

{ 8 Thank you.

9 MR. LEVIN: The reason we use CP is that CP is
'

10probably more indicative of the criteria at the time that

11 the OL --
'

12 DR. OKRENT: Dr. Smith, if I understand correctly,

13 you are going to go through recommendations. I think that

() 14mayce we should take them one at a time and see if there are

15more specific or important comments that memoers or

16 consultants want to bring up now.

17 I guess we will ask that people write in comments j

18cn this and other things that they feel are relevant.
1

19 DR. SMITH: Thank you. My name is Paul Smith. I I

20am with Lawrence Livermore Laboratory. _ Dave Coats is the

21 project manager on this particular project. He is the

22 person most capable of making the presentation, but due to a

23 conflict, he was unable to be present and asked me to make i

;

(]) 24 this presentation.

i 25 (Slide) |

.'hAsl

i ^e

'
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|

(s 1 The purpose of the study is to evaluate the

2 current state of the art of seismic engineering and to,

3 recommend changes to the existing NRC seismic design |

-)
4 criteria where appropriate. The recommendations are

1S intendeo to provide short-term improvements.

6 The recommendations were based on the following i

)
7 sources : reports on the A-40 program; expertise of the core

8 members and consultants -- there were a number of

9 consultants outsioe the laboratory and we teamed for this

10 p roj ec t , and there were core people that Livermore

111oentifieo for tnis project; and the literature; ano coming
*

\12 on the heels of the SSSP or the Site-specific Spectra '

13 Project; and the intensive activity we have seen in the last

) 14 couple of hours or three.

15 I have to advise you that those reports are not

16 available at the time of the recommendations produced in

17 this project, so using Leon's term, this recommendation here

18 and the SSSP project are virtually what we have. We were

19 aware of its going on but we did not have the results.
1

20 L(Slide)
21 A final report has been submitted covering the

Z2 Phase I portion of the project. This report includes |

|
23 recommenda tions in the areas o f grouno motion ano soil

({} 24 structure interactions, structures, equipment and components

25and testing. As was mentioned earlier, the report is oue

N._/
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/~T lout as a NUREG this week, I believe.Vu
2 This is what it looks like, but this is not the

3 NUREG. This is another version of it. It is Contract Report,_

k)'

41161.

5 (Slide)
6 We will have a brief summary of the

7 recommendations in the report. For ground motion we

8 recommended replacement of Reg. Guide 1.60 spectra with the

9 Newmark-Hall spectra. This was very similar to what I

10believe Leon called his deterministic approach. His

11 alternative to the SS3P was the Newmark-Hall spectra, and,

12 this was our recommendation at that time. This allows for

13 some site specificity. It can use velocity and displacement

() 14 values to construct site spectra as opposed to just peak
15 accele ra tion .

16 The other difference in the spectra is that the !

17 vertical is two-thirds the horizontal for all frequencies.

18 This slight complication between the horizontal ano the
~

l

| 19 vertical in R.G. 1.60 is not put into the Newmark-Hall. study. |

4 20 (Slide)
1

21 Various additions and clarifications to the

22 standard review plan were made, and I believe Dr. Zudans

23 asked the question earlier. There is a marked-up copy of

(]) 24the standard review -- the recommendations from Livermore as |

25 to the changes that should be made in the stanoard review 1

/~(T/

=
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.

(]) Iplan that I believe the staff members have mentioned earlier

2 today. These by no means have been accepted by the staff,
'

3 but Livermore was asked to provide marked-up recommendations
O

4 directly on the SEP, but in different areas, identification

' ~

5 of primary review areas. This would be tectonic provinces,

6 correlation of earthquake with tectonic provinces capable

7 faulting, maximum earthquake. And subordinate areas would be
,

8 things like regional geology, seismicity, site geology, site

9 amplification and fault characteristics, redefining the safe

10 shutdown earthquake.

11 I cannot quote Appendix A exactly, but it had some

12 words like it was the maximum potential earthquake, and the

13 rede finition called for in our recommendation was to define

141t as the peak ground acceleration for use in seismic design

15 for that site. I am not trying to say that it is any maximum
16 event .

17
.

Clarification of historical and instrumental
i

18 earthquake data reporting requirements and recommendations

19 relating to the determination of appropriate SSE.

20 DR. OKRENT: What was your recommendation there,

21 and what was the oasis for it?

22 DR. SMITH: Which one, the last one? I

!
23 DR. On. RENT: Yes. !

() 24 DR. SMITH: I made a note of-a couple here. When

25 the province approach was useo, the mean was to be selected

()
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.

(]) 1for the SSE, and when you had well-defined --these are just
2two examples. It was a fairly long laundry list. Where you !

)
3did have well-defined structure such as in the West Coast,
4wnere you use that you define the site SSE value which used

5the mean plus one standard deviation.

6 That was a couple of examples.

7 OR. OKRENT: Do I recall somewhere a recommendation

8concerning return frequency to correspond to an SSE?,

:
'

9 DR. SMITH: There was no recommenoation as to what '

i
'

] 101t should be in this report. There was a recommendation as
:

11 to what the values or response is when you calculate using
i

12 present methods, what the response values, what probability

13 of exceedance they should have.
()

1-4 It was conditional on the SSE value being on the

15 order of 10-3 It was not a recommendation as to what the

16 SSE should be, but the recommendation was that you should --
|

17 given the SSE, there be a 10~ prooability of exceeding
l

18 the values you select for use in seismic design. |
19 So the peak ground acceleration does not tie

20 every thing down. You still have the spectra with quite a

21 bit of freedom yet. We attempted to make a recommendation

22as to what the objective of the seismic analysis should be,

23 and that was our recommendation.

() 24 Further recommendations were the use of multiple

25 time histories for analysis and design, and we had

()
l
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:
1

e

O 'reco==eadatioas oa notn svathetic eaa re 1 eae =1at=v=
. 2 number of time histories that should be used. This comes
!

3out of a concern many people have expresseo of the quality

4of the results when you use just a single time history. So i

Swe recommended more than that '!

6
.

Once you make that kind of recommendation, then
;

-

7you can do a number of other things and just calculate

8 design responses using multiple analysis with variation of

9 parameters, as opposeo to the way we do it, which was just

10an easy step once you accepted more than one time history. J.

l

11

I

! 12

13

14'

I
| 15
i

; 16

A

| 17

1

184

1 19

i
"

l

21,

|

22

'
23

.O 24

25

; o
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i

t7 I| MR. PAGE: Are you going back over these points later

q|gser !
t6 2' in your talk?

|

bfml 3| DR. SMITH: I hadn't planned to, no.
e,

.

j>

\> 4 MR. PAGE: I would like to go back to redefining the-

,

:
i

5; safe shutdown earthquake. I think that is important. I think
.n

@ 6. in a paper Carl Step authored for Livermore studies, he pointed,

E !
E 7| out the difference between a controlling earthquake which may be

5 I
g 8i a distant one and the earthquake that is felt at the site.
U |

$ 9I There may have been some confusion in the past in
? -

@ 10 ! making those two things one and the same. Because in the case
7. .

E :

II | of the SSE, probably it should be the ground motion at the site.4
3 i

N I2 | An earthquake is not the same anywhere on earth except at the
: l

i m
(_, g 13 ' source.

=

5 I4 I It is different everywhere it goes. What you want to
z

5 ij 15 ' know is what it is going to be like at the site. Even there,
= .

j 16 | there is a problem. I think it will have to be dealt with.
A

f 17 That is whether the earthquake is supposed to be on a nearby

i

{ 18 ! rock and then translated into something on soil.
A ;

19 ! If the plant is going to be built on soil or whether
&

s
5

20 it is going to be free field, or whether it is going to be right

2I at the grass roots, or at a depth of five meters, ten meters,
I.\c.

22 1 or what.j
_-

23)1 So, I think that probably applicants should have some

i[ j 24 guidance here. Maybe some latitude. May%e they could choose
-

25 | between two or three equivalent approaches for dealing with a
,

I|
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1 safe shutdown earthquake. These approaches, I guess, would have
Mm2U 2i to be approved by the staff. You see, it gets pretty complicated

3 because you are working in a three dimensional framework.

4 DR. SMITH: MY recollection is that recommendation did

e 5 come from Carl.
h
j 6| MR. JACKSON: I would make one comment. We have
R
$ 7 Appendix A to Part 100. We hope there will be modifications to
a
j 8 it.

d
:[ 9 Again, we would argue the time to do that and make>

?-

@ 10 those changes is with that modification. Anything that we would
.,

$
$ 11 like to do as a staff we cannot always do, nor can the applicant

i is

y 12 because of the regulations.

5
O~ : i3 (S11de.)

:

h 14 DR. SMITH: We recommended that if you are going to do
$

15 non-linear analysis, that you use only real time histories and

j 16 not consider synthetic.
us

d 17 If you did the multiple analyses with variation of
5
5 18 parameters, you are under no obligation to go out for the
c
h 19 i examination of floor spectra.,

A I
20 DR. OKRENT: Do I recall somewhere in your report for

21 the recommendation of more peak broadening that is currently

1

0 22 used, er is ehet not in your regert,

23 DR. SMITH: The effect of a recommendation of thisi ;

|<

24 type is that you would typically in the results we are seeing,

25 ) which are by no means exhausted, you would lower the peaks and |
~

I!

- !| <
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I

m3 raise the valleys.

2 It is not just broadening. You are reducing the peak

3
i value and raising the valleys to end up with more of a smooth

/ i
\~ -) 4'

| spectra, more broad band type full structure spectra.

5|g ! DR. OKRENT: In that regard, I understand that there
N !

$ 6| are some results that came out of the HDR tests which suggest,
E i=
D 7

! at least to John O'Brien, that one might need more peak broad-
E !

8 'j ening in full response spectra than ten or fifteen percent.
i
n
U

9! Could you help me a little bit to understand? Is there*
,.

.
,

e i

.L- 10|' some general conclusion among the staff one way or the other that
"

$ II j!5
we should have more peak broadening, or are there differences of

- t

$ I2 | opinion? Where does this all seem to come down now?
r. : !

' ~ g 13 | MR. O BRIEN: Can I talk from here?
= ,

[ I4 ;|
A

DR. OKRENT: It would be easier to hear you if you could
i:

0 15
h get by a microphone.
*

I

d MR. O BRIEN: I guess the issue is that the peaks in
A .

h
I7 the full response spectra occur at the location of the frequencies

=

$ I0 i of the supporting structures. In typical analysis that is
P i"

to ,^ provided in the support of a license, we use linear analysis whichj
-

20|a gives a very discreet frequency.

2I It is broadened ten or fifteen percent because that ,

h
22i is viewed as the ignorant factor on our ability to predict

23 frequencies.

24 When we look at the data, we learn that the ignorance,
, ;

1

25 i factor might be 100 percent. If it is on a soil site or perhaps

,
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bfm4 1, 50 percent if we sharpen our pencils as best we can.
['\
kl 2 If you look at the predictions of frequencies of

3 buildings, you see firstly that they shift. They shift depending

) 4 on the level of excitation. So, the analyst that does the

s 5 equipment loads in a nuclear power plant calculates a single

0
@ 6|; frequency, then broadens it ten or fifteen percent.

'R
$ 7 That does not appear to be consistent with our knowledge .

E
j 8 In support of this, I have used the HDR data, but I have also

O
d 9 used refernce studies by several consultants that worked for
-i
O

@ 10 DOE.

$
'j 11 As a matter of fact, I talked with Paul about this
s
:j 12 and some staff people. My perception is we are just looking at

() 13 , it.and entertaining this as a thought. Paul partially responded
=

i

$ 14 to this in A-40.
b
i 15 Anyway, by spreading the full response spectra energyt

5
j 16 over a wider beam, but he does that through a different route.
*

I

d 17 ; He does that on justifications based on time histories, not on

5
$ 18 justifications based on ignorance or on structural parameters
=
H

{ 19 , or structural frequencies.
5

20 , DR. SMITH: It is both. It is predominantly the
!

21 ignorance of frequencies.

(]} 22 DR. OKRENT: Mr. Trifunac?

23 DR. TRIFUNAC: I would like to make a comment related

f] 24 |J
to this frequency. We did a lot of studies but we never had

'

.,

25 ; enough support to study them. The studies were focussing on the

I
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bfm5 I recordded motions in buildings primarily in Los Angeles duringe 2i the San Fernando earthquake.

3)
p We did a multiple filter analysis to see whether

,_

IN~> 4; predominant frequency of the overall system would be a function
I

5
% of time; depending on the bailding. On the soils and on the
t.'

5 0 building, we found that the frequency during that -- apparent
R \

E 7 - frequency.;
U
M' 8

; So, this is not the fundamental frequency. It is a
J

-

9r~. ! frequency that you see during vibration. That can gu down as
iH 10 ':j ! much as 50 percent. Okay. This was not in all buildings, but

= +

2 11
'

|
in quite a few, it wold go down 30, 40, 50 percent..<

! Then, curiously enough, after the earthquake it went
,m q !

! 13 ! up again. We do not know exactly what the explanation for thatJ'

5 l
14

{" cffect might be, but I thought it might be worthwhile to mention
-

9 15 j .

it.c
=

f 16 It is definitely so much. Okay? But I don't know
z
" 17y exactly why.
= i
.

18G
; DR. SMITH: I don't think the problem is resolved by-

P ;

"s 19 '
any means. I would suggest that you keep at least two factorsr

"
e

20 !|[ separate in your mind in considering it. One is shift, which
i,

'

21 ' may occur in frequencies, as just mentioned. The other one |
3 |

r
22 1;; would be ignorance of what the frequency is in your policy as

:1

23 4i to a design requirement might be different for those two kinds
i

^'

') 24 6
p of things.

25 For example, for the shift part, you might be willing

j
1
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bfm6
1 to conced that by the time the structure sees an earthquake of

(s\-) 2 SSE size, die shif ting would be predominantly done. That is a'

!

3 I type of earthquake that you are most interested in evaluating

) 4 the safety for.

So, you might not consider that shift so vigorously as

$ 0! some other.
R i
*
D 7 DR. TRIFUNAC: The numbers, I said, are variations
7.
S 8M during excitation. So, if you have the estimate of the frequency
0
6 9 of the building in the very first part of earthquake shaking, it.j
-

E 10y is so much; using strong shaking, it could be down 30, 40, 50
=

,
percent.

I This assumes that you know the frequency before the
C

g 13 earthquake with 100 percent certainty. So, if you are doing
-

i

3 14
@ the analysis for the future case, the overal uncertainty, of
M
r 15
c course, is much bigger than the numbers I gave.
=

M
.

DR. OKRENT: It is not clear to me whether the multiple
I

!F 17
d time history approach would pick up John's concern if en each
=
9 18
_ case you analyzed a piece of equipment or a structure the same
s
E 19 !
g : way.

20 Would it show the cover -- would it show what is sug-

21 gested by the u^i efforts?

() MR. O F;R13 : If you have a 5 hertz single degree of

23 ', freedom system and you are excited at-8 hertz, it will move

24() at 8 hertz. What I thought Paul was doing by considering as*

25 suite of time history was spreading predominant energy over a-

I
!
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Ibfm7 wide band.
(,
(_) 2<

You will always get a residence at the natural

3 frequency. So, you couls say there are two contributors to

() 4 depressing the peaks in the full response spectra and elevating

5y the valleys.
n n

h 0 Perhaps the minor one is the energy content of the
R

h7 excitation, or the input, or the earthquake. The major one,

g" 8 however, is the first, what you might call low amplitude frequency
0

, a 9
]. of the structure. There is some problem in estimating that, a
o
H 10
g very small amplitude frequency.
=
$ II Then, on top of that, there is a shift which we don't
3

g 12 i know about. It is usually a downward shift. so, as Dr. Trifunac

() 13 just noted, there are two possible errors in locating very sharp<

z I4| peaks which, heretofore is the only kind of full response,

E I
15g spectra we have seen, very sharp peaks with all the resident

=

,

j 16 energy located at -- by the way, that resident energy is the
> A

|

N I7 soil modes.
5 j
W . 1

3 18 i We all know the grave uncertainties there where I

c
b I9g ! essentially all the deformation is in the soil and the structure

In i

20 is moving as a rigid body.

2I So, we have, first of all, great ignorance on the

22() low amplitude frequencies. On tope of that, we have additional

23 uncertainties'due to the shift in frequencies as the motion

24
(]) increases during the earthquake.

25
i If you think about design, this spreads the energy out

.n
d
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bfm8 i because initially the equipment is going to respond at the low

2 resident frequency. Then it is going to shift as the earthquake

3 amplitude increases.

4'
| The only way to cope with that, I think to assure that

5j you do not experience failure at the low amplitude -- it is
**

$ 0 possible, by the way. It could fail more readily at the low
A
* \

'd 7 amplitude than at the higher amplitude because the frequency '

%

$ 8 is shifting in an unfavorable way.
,

rJ |

". 9 so, the only way to deal with the whole earthquake is

10 to spread it out, I think.
E I

E II
~

DR. SMITH: I think all of the concerns that I have
*

-1d 12g herd are covered by our recommendation which is the 10 in

13 multiple analysis, because we do not spell out the precise

. 14 policy or effects that you should account for.

C 15
1 b I mean, this is one point where you are getting into

:::

j kind of a probabilistic analysis. You ultimately have to accept- 16
:r5

h
I7 the fact that you have some probability exceedance. We recommen-

?- I
g 18 | ded an acceptable probability of exceedance, but not set high

I9|!
=s

to get it.8
n

20 '

DR. TRIFUNAC: The multiple analysis conceptually may

2I r.ot have enough broadening to include like repeated analysis. In

O 22 my 1,,x ,, ,,,1y,1, ,, chi, p,,, mete, ,, eh,,p,,,me,,,1,the
,

23 system, but that is only the_ degree by which we know to model

O 24 j ,,,sy,,em.

25 , These changes we see during large earthquakes or moder-
+
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bfm9 1 ately large earthquakes are in addition beyond that.

i^)\- 2 My guess would be is if you did half a dozen analyses

3 you would have a distribution of results which is indicative of f

O(s 4, having, say, very low amplitude of vibration test of a building,

e 5 and compare that with the calculation, or somebody else does the
E
9
@ 6 calculation.

R
R 7 You have those uncertainties, but the fact is that

n
j 8 there is a definite change of the apparent frequency with which

d
d 9 the whole thing is going. Not the building only, but the whole

Y

$ 10 thing as a function of time during the earthquake.

$
j 11 DR. SMITH: You rapidly get into the whole question
2

:j 12 of the sense in which linear analyses are appropriate and/or

O =ai3 "eauive1 eat."
E lj 14 |

In the type of scenario you lay out, you could get a*

5
2 15 different " modal frequency" for each second of excitation,

5
g 16 perhaps if a building is responding in a manner that you
A

d 17 i suggest.

5
5 18 So, you know the question is what do you do about it.
=
N

I

{ 19 4 We have made a recommendation which is a very precise and how
5

fyouachieveitissomethingelse,again. It is a target.20

I

21 | I think it is a good example of a target, that if it
i

/~T 22 | is okay~-- I don't know if it is completely okay -- it is
%) >

23 of the recommendation.-

24 But from that target, an awful lot of decision is going-{)
lto be made.25 i

3

L
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I . MR. ZUDANS: Paul, could you refresh my memory? When

(\ /"'310 2 you did the multiple time hi.itory analysis, you then directed

3 towards the envelope spectra of these analyses. To each

() 4 history, there is a correspondence to certain response spectra

g 5 for every point in'the system;
9
@ 6 You did some spectra-selected in some fashion, which
R
$ 7 I want to find out how the results, how are these different?
E
j 8 Each one will have a sharp peak.
J
y 9 That may be at a different location. Now if you took
?
@ 10 those response spectra from each of the histories and then
3
_

@ II | envelope them and say that this is the spectra that you will
3

I 12 use; then I could see that you broadened the peaks.
=

(~N 3(,) g
13 If you did something else, you would not broaden,

! 14 because it is still a linear analysis, still a sharp distinct
5

$
IS peak. How was it done? I do not recall.

=

y 16 DR. SMITH: Number one, we specifically recommended
A

N I7 against enveloping. That is specific in the report to recommend

y' -l
d 18 against that practice. The 10 or mean standard deviation of
_

c
8
g 19 ; spectra from a number of analyses will be broadened because each
5 1

20 one, depending on how many you do, will be at a different

21 frequency.

22() The end result of that will be a broadened spectra.

23 ' MR. ZUDANS: Each one has a broadened peak?
4

/~N 24 | DR. SMITH: That is correct. The end result of that
%-] i.

1

25 ] ' type of calculation will be -- the distribution that went into

:=

|
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I the uncertainty, that distribution is symmetric.
11

2 Then that broadened peak, say, for the first mode will

3 be at the same frequency that your one analysis might have
! -l

O' 4 assumed. The end result of the 10 requirement or mean plus

5'g the ntandard deviation requirement will be a broader or suiter --
9
3 6
3 |

type spectrum.

E
D MR. ZUDANS: It will appear, then, one will have to
s
9 8a see by some fairly comprehensive examples as to what kind of
J
" 9~. broadening you really get, because the broadening requirement is
z
e

; g 10 real.
3
_

5 II
| I do not see how you can drop it unless this process

3: !
.: 12 'g j produces enough broadening to justify what we have seen.

O i I3 DR. SM1Ta: rou regid1r eet into grobebi11stic ene1veis

14 in this type of scenario. You have to understand what your
5:j 15 objective is and what it is not.

., ==

E I0 If your objective is to envelope everything in sight, !
n I i

!

h.
17 then I'm not sure that --

if i

3 MR. ZUDANS: My problem is this: That I know the only |IO '
)

e- - j9
g peak that I can get is shock _by my analysis. So, if I have i

20 [ a spectra, then I will do everything possible to get outside of
21 that peak with my analysis, because my analysis will show a

22O ,1og1e poim,.

23 So, if I do not broaden it, I do not need to cheat very !

(] 24f'muchtogetoutoftrouble.
"'

:1

25) DR. SMITH: Okay. People are designing supports to be

!!
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1
'

12 |
in valleys.

I MR. ZUDANS: That's right. That's right. I would do

3
! that too. There is nothing illegal about it. All I need to do

') i(
4tt'' is mis-design a little Ett and I'm out.

I

5 supposing I made this little bit adjustment, whichg i
'

e.'

3 6
; j may come out not right, a little bit of a mistake. Also, your
y <

7y spectra is a little bit off because it could vary 50 percent --
n
i 8; as much as 50 percent what I hear.5
d
" 9 So, I think that broadening cannot be written off that}
s 10 I'j j easily.
= i

5 | DR. OKRENT: This looks like a topic of some interest.
,
-

" 12 '
E j I'm glad I asked Mr. O'Brien to discuss it. Let's go on.
9 !ex

/ i n 13 :\ _) g DR. SMITH: In the area of soil structure interaction,
-

1

3 14 | we recommended Ja;ement of some words which are not too
2 ,

2 1
0 15 '
b ; significant. The direct solution i s equivalent to the one-step
= i

~

16 ! substructure direct solution approach, substructure is --
%*

i

d 17 ' ~

MR. ZUDANS: I have a question. What you call
y? ,

|

{ 18 substructure is really the continuum method, right? |
? !" 19 >
E DR. SMITH: Yes.:
e

.

i20 'l

1 MR. ZUDANS: Where would you put the classic type of i

l
I h solutions?

j

) 22 N DR. SMITH: Classic would be a substructure. I don't

23 think it isintended that every substructure is --

24 -j MR. ZUDANS: Substructure is really just a numerical .

- x

i-
I'

25 1
i technique. It does not have much to do with what what kind of

a
Ii i
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1
'

theory there is behind it. So, it is a continuum approach that

() 2 you are talking about.

| 3 I could do it without substructure too.

4 DR. SMITH: I think that is fine. For one reason or

a 5
i 'another, some people felt it was important to use different

3 6 terms than the ones that have been used.a
_

%
MR. ZUDANS: As long as I understand. Call it anything

fN* 8n you want as long as I am sure that is what you mean.>

d
d 9 DR. SMITH: Yes, that is it.j
-

E 10
p (Slide.)
=

i z 11
j The advantages, disadvantages, and methodology'

d 12z associated with both methods, direct solution, and substructure
2
d 13m I were identified as a couple of examples here.~
-

x
'

$ I have the alrect solution has the capability, for
u
9 15g example, of addressing the secondarv, non-linearity aspects ,

= i

i : 16
| M i that some people think you should.

z !

F 17
d ! Others do not. A substructure approach, at least, has2

1=
$ 18 !

| some capabilities that exist. For' example, classic can address-

+ l" 19 i the three dimensional ascects of the problem. All of them are3 -

n :

I20 ' limited to linear analysis.

|21 Reccmmendations were made regarding the non-linear
8

/~T 22 I
gj | soil behavior. For the present in design, we recommended that

i

I23 you approximate the non-linear soil behavior using lia. car
,

() techniques and spend your money rather on sensitivity studies,

or bonding solutions as opposed to -- in other worde we are
r
a
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Ibfm14 recommending that you not require non-linear analyses for design

() 2 purposes in nuclear power plant construction.

3 There were some limitations identified about shear

O 4 modulus and hysteretic soil damping. Again, here the multiple

5g time hisbmy analysis with parameter variations enters into all,

4 9

i {' these type of calculations.
' 6

I E
D We made a recommendation on slanted soil layering from
M1

' 2 8n the presentation earlier, I saw it was not too unlike it. Inci-
|

1 d

| ]". dentally, the report that we saw at the beginning of the A-409

4 e
i 10"

'j block on soil structure interaction was one of the reports we hadi

=
II at our disposal for these recommendations.

E" 12 (S lide . )
=

() a 13 The response spect mn input motion or time histories
z I4[ for the soil structure interaction analyses are to be specified
u
O 15
b at the preservice or foundation rock as opposed to some point
-

'

T 16
in between.y j

" 17 'y ! In a position some time ago, it may be the one in the
E i

$ I0 | standard review plan at this time. It specified the so-called
s
"

19
3 control elevation at the foundation of the structures. So, this
n

20 | recommendation was to clarify that.;
.

21 Models and analytical techniques for deconvolution

() | must be consistent with the free field and soil structure
t

23 '-

interaction computations. As we saw, some discussion of problems

() with deconvolutions discussed earlier, this would specifically

$ recommend that you, for example, not use SHAKE with FLUSH, twoi

!i

0
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1
j codes that have been used for analyses in the past.

||k'
2|i These are not consistent formulations of the dynamics.

39
! SHAKE should not be used as PLUSH. FLUSH, I believe, has a

('T i
; ; 4' deconvolution option in it. That option is more appropriate for4' '

j 5| a FLUSH analysis,
n .

8 6I This is kind of a game. A game that you are playinge
R |
*
" 7 here in the absence of having all the information you would
n
2 85 like, you are forced to accpet the seismic input, defined in
a
". 9 some way other than you would like.

E 10 '
y | So, the two analyses should be consistent with one
= '

k II | another. Additional studies are required on the amount and
s t

i" 122 I location of acceleration reduction due to embedment effect. In
9 |-

' i: 13
's ; a my recollection, this is the most controversial area that the

i-

$ 14 I .

g j team ran into.

E i

h 15 ; They could not agree, so we recommended that there
-

I
|d I0 | be additional study on this recommendation in the present stan-

z
" 17'

d ,

dard review plan.
'=

5
18 |1_ There is the so-called 60 percent rule. That is ;

'*r
I9 : acceptable. We did not make such a recommendation, but further5

I:"

20 !end t7 made a recommendation that further study be done on this issue.

21 ! |
er flws :!

t8 4

|||
1

23 1
1,

r 24d
a

l I

25 ;
!

I

s
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:

1 (Slide);{}
! 2 DR. SMITH: We are late. I will try to hit some

'

3 high points, some detailed recommendations. We did make the()J 4 recommendation to adopt the new values of damping, whicn are

5 the ones out of, I believe it is, NUREG 0098, and these are
,

6 the same ones, I believe, that are being used on the SEP. But

7 those two recommendations are happenstance, to my

j 8 unoerstanoing.
1

9 DR. ZUDANS: Just a brief remark. Those two

I 10 specify stress levels

.|

J
11 DR. SMITH: That is correct.

12 DR. ZUDANS: Is inat what you intended to do?

13 DR. SMITH: It is intended to make the

() 14 recommendation that damping be dependent on stress level, and

15 I am sorry about that.
.

16 DR. ZUDANS: That is all right.
;

17 DR. SMITH: We were encouraged to make
,

! 18 recommendations without regard to acting for licensing

19 people . That is not our job. So we made the recommendations

20 that we felt made sense.

21 DR. ZUDANS: Don't misunderstand. It is okay, thef

22 recommenda tions

DR. SMITH: That is correct.-

23

(Slide)(]) 24 -

25 I believe the present standard review plan-does not

O
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1 allow direct generation methoos, and I cannot quote the exact

2 words, but it requires, say, that the time history method be

3 used for unconservative in-structure spectra. We recommended,,

4 both in time history ano direct methods, and I think the

5 reason we could make such a recommendation is these methods

,3 have been developea significantly since the ones back at the

; time that the, standard review plan was developed.

8 A lot of this is a result of the concern of

g manipulation of synthetic time histories; and if you are

10 lowering the peaks and raising the valleys, and the valleys
11 are possibly unconservative relative to the recommendations

12 being made, it could have some unconservatism.

13 Maybe a very important point is we have a number of

- () dif ferent kinds of recommendations for dif ferent points on34

15 parametric studies, and they are much easier to make and more

16 economical with the direct generation methods than with time

17 history. I think, unfortunately for some of us who do

18 non-linear analysis, we must for some time period accept

jg linear methods. ~

20 And it is not necessarily the case that they come

21 up with results that are inconsistent with a good design. You

22 do not have to do, you know, from first principles

23 non-linear analyses to come up with good design. But we have

(]) 24 a technology problem here, and we are encouraging, and this.

25 1s consistent with the multiple analysis, the 10

O
%)

4
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/ 1 requirement, and 10-1 or mean plus standard deviation of]
2 84. We do not distinguish between this.

3 DR. OKRENT: Would you elaborate a little bit on

O'

4 that recommendation? What do you mean by that? And then I

5 will ask you why that number af ter you tell me exactly what

61t means, in your opinion.

7 DR. SMITH: First, what it means is 4t is

8 conditional on an earthquake with a peak acceleration equal

9to the SSE occurring. So you are analyzing your system, your

10 stweture or what have you for earthquakes with a peak

11 acceleration equal to the SSE value, and so that 10-1 or

17 94 exceedance probability are conditional on that event. So

13 this is really roughly comparable to the very basis for, say,

14 RG 1.60 where that was applied at the beginning, and here we

15 are applying it, can be applied at any stage that you like.

16 DR. OKRENT: That is .84 probability, not exceeding

17 wha t , now , as you are stating it?

18 DR. SMITH: Let me state it another *:ay, since I am

ig not so sure that that reads right. The v;1ue that you select

20 for a design should have a 10 probah.tlity of exceedance.
~

21 You needn't charge a value larger.

DR. TRIFUNAC: It is the opposite.22

DR. SMITH: That is what I think I am telling, what23
,

the recommendation is.24

DR. OKRENT: Tell me what you think the25

%
(Y'

|

!
.
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irecommencation is.

2 OR. SMITH: You should choose a value, say, of

3 floor spectra. You are going to develop in-structure floor

O
4 spectra now in the design of some piece of equipment,

'

5 perhaps. The value that you select for that floor spectra

6 should have a 10-1 probability o f being exceedeo,

7 conditional that you derive --

8 DR. OKRENT: Exceeded by what? You say exceeded by

9 a real earthquake by one of your postulated time histories,

10 and is it exceeded with some range or at any single frequency?

11 DR. SMITH: At any single frequency. The value has

12 a proabability of 10-1 '

.

13 OR. OKRENT: At each and every frequency?

14 DR. SMITH: Yes. That corresponds roughly to n:ean

15 plus one stancard deviation.

16 DR. OKRENT: In other words, suppose I took my

17 frequency band -- I don't know whether I would do it

18 1ogaritnmically or linearally. Let's simply say I take it

19 from .01 to 25. Can I exceed it between 1 and 2 hertz over"

,

20 that whole range, or maybe 1 in 3 hertz, ano by a large
i

21 amount, and still have met this criterion, if everywhere else

22 it is below?

23 OR. SMITH: N o ,'

C 24 DR. OKRENT: That is what I am asking you. What do-

25you mean by this --

ALDERSON REPORTING COMPANY, INC,
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i OR. SMITH: In this case it is frequency by

2 frequency point. So the value of the response vector that you

3 set up at I hertz, for example, or any frequency, should have

O>

4 a 10 percent probability of being exceeded.

5 DR. OKRENT: Being exceeded.by what?

6 DR. ZUDANS: It says here on page 6 it would be

7 exce soed if an SSE occurs with a given acceleration,

j 8 DR. OKRENT: Everyone has been telling me -

9 DR. ZUDANS: Page 6 is missing. That is why I

, 10 didn' t understand.
!

11 DR. OKRENT: What does the word "SSE" now mean when

12 you are using it? It is not really specifieo by --

13 DR. SMITH: If earthquakes with a peak acceleration

14 equal to the SSE occur, by specifying only the peak

15 acceleration you have not maae much of a specification at

16 all . You see, you tell me what you feel th appropriate time '

i 17 history is. Let's think in terms of the time history method

18 of analysis, say for a structure and in-structure spectra,
and you select the time histories, earthquakes, whatever,19

20 that you feel are appropriate for use in your analysis, and'

21 you do your analysis with wnatever frills that you like

22 insofar as uncertainty ano the like, ar.1 you will get |

'

23 different spectra.

24 You have seen plots from some of our results. It
,

1s quite noisy, really. Now, if you look at any given25 -

,

'
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[]) i frequency, you can think in terms of the distribution that

2 you car. characterize by, for example, the mean standard
'

3 deviation, by the very spectral values.()'

4 DR. OKRENT: Excuse me. So you are saying in terms
,

~ ~~~-~~ 5 o f some previously specified f amily , of shapes of

6 acceleration versus time or whatever previously specified for

7 that family, the probability should oe 84 percent, the

8 non-exceedance. Is this what it is you are saying?

9 DR. SMITH: That is right. The frequency point by

10 frequency point.

11 DR. ZUDANS: Do you live with just those seven

12 histories that you suggest we use and pick from them?

13 DR. SMITH: At a minimum of seven.

() 14 DR. ZUDANS: Okay. You are really looking at the

15 distribution of response spectra value at that point.

16 DR. SMITH: In reality you have a distribution, you

17 nave an uncertainty associateo if you are looking at

18 1n-structure spectra, an uncertainty associated with any

19 coordinate at any dif ferent frequency, and we say the value
.,

20you should use for design corresponds to some upper limit

21 there but it is not the envelope.

22 DR. LUCO: May I ask a favor?

23 DR. TRIFUNAC: I would appreciate it if you would

() 24 erase 84 percent and put average put standard deviation,

25 because I think this is what you mean. I tried to point out

I ')<

wi
,

4
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'

1 to a lot of people that the normal distribution is violated(]}
2 in every structural response, almost every structural

3 response in the whole package.

O
4 The second significant figure is really -- just

5 call it average plus standard deviation.-~Everyone will agree.
|

6 DR. SMITH: That will be the case in the report.

7 Dr. Zudans, you find a contradiction.

8 DR. TRIFUNAC: This is standaro deviation if it is
|

91og normal, but not if it is not log normal. ;

10 DR. SMITH: Your point is well taken.

11 DR. ZUDANS: Do you make any recommendations which

12 I did not see? How do you pick the 'seven or more history?

13 DR. SMITH: No.;

() 14 DR. ZUDANS: So they run the same history seven

15 times?

16 DR. SMITH: No.

17 DR. LUCO: I do not understand. When you refer to

18 time histories, if you are going to use a probabilistic

approach, you are not going to use time histories. You are19

20 going to use spectral density or something like that. The
1

21 whole. idea in there is to get away from time histories.

22 DR. SMITH: Okay. I do not necessarily agree. You

23 coulo go either approach, out I think in a previous slice we

(J~)
24 recommended that you use other time history methods or direct

metnods whicn are equivalent to those. What you have to do25

O

..
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[)
jand what you do do, I do not know. I understand the point. I

2 understand where you are coming from. I don't necessarily

3 accept it as a given.' -

4 People may have for some period of time much more

5 -- I mean we are going from, say, a stage in this technology

6 where we do one-time history analysis to where we are going

7 to do something else. Maybe the appropriate intermediate

8 state is to do more than one-time history analysis

9 preparatory to something else.

10 DR. ZUDANS: All of your recommendations are based

11 on the deterministic.

12 DR. SMITH: I believe -- whichever one it was -- it

13 said that equal acceptability should be given to time history

() 14 methods or to direct methods, which are essentially power
i

15 spectral density methods. We understand, but I have not seen

16 a naly ses , that it is simpler and easier to reflect the

i 17 uncertainties in the model properties. I mean that was. We

18 can go find it if you cannot find it there. That was a.

19 recommendation that either approach be used.

20 DR. LUCO: I think their problem is how do you

21 define probanilistic methods? Are you trying to do a Monte

22 Carlo type of thing?

'

23 DR. SMITH: you can think in terms of if you do

(]) 24 multiple time history analysis, that it is Monte Carlo, but I

25 don't think you need think in terms of randomly selecting tne

()
i
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)
iparameters that you use for your parameters, which would be a

2 brute force type of Monte Carlo. There are other methods.

3 With that type of an approach, it takes a very long time to

O 4 get to the extremes. It takes a number of trials to get to
'

5 the extremes of whatever particular distribution that you are

6 using. You need not restrict your thinking tc that kind of

7 straightforward brute force Monte Carlo. But I would not

8 argue with the use of the term " Monte Carlo" for what we

9 proposed.

10 DR. LUCO: Could I ask other questions?

11 DR. SMITH: I don't want to interrupt, but I think

12 the bottom line is that there is concern on a couple of

13 issues. One is single time histories, and two is uncertainty

() 14 of various kinds. We recommended that it be addresseo in

15 some way. If it is addressed in some other way as a result

16 of wnoever 's deliberations , that is fine with us; but it,

17 needs to be addressed, I think, a little differently than it

18 has been. ,

19 DR. TRIFUNAC: I think you would avoid a lot of

20 troubles and a lot of questions if you did not talk about

21 time histories, if you just said probacilistic approach with

22a transfer function characterization of what you want to do,

23 floor response spectra or particular motion or something in

r'T 24 that way. Don't use the floor spectral approach. You don'tV
25 have those, either. And again, tnat opens a can of worms.

.
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(_) But if you just said the probabilistic approachr~N 1

2 with the trac.sfer function, the methodology used to get the

3 end result, you are opening a lot of doors and you are not7-

4 restricting anything, and I think you are saying exactly what
'

5 you want to say, just in a different way.

6 DR. SMITH: Fine. Unfortunately, the report will

7 not be changed. I hear what you are saying. I thiak, on one

8 hand, if people were and are familiar with what they can do

9with time history analyses and understand some cf the

10 limitations and some of the benefits, then I think it makes

11 sense from a technological standpoint, if not, perhaps, a
.

12 strictly technical standpoint, to move with one set. Maybe

13 you don't use it in design but maybe you use these as

(') 14 checking methods on the methods you might propose.

15 But I do not disagree with that, and I hope that

16 that is the sense of our recommendation. Maybe I should get

17 1t out here. Either approach is acceptable. We did not say

18 power spectral density, but we saio direct methoos, nd that

19 1s exactly what you are suggesting, direct methods.

20 DR. OKRENT: Dr. Luce had another question.

21 DR. LUCO: My question has to do with the

22 integration of the different recommendations. You have

23 recommendations on- the soil structure interaction and so on, I

({} 24 but they must be compatible. For instance, on the part

25 dealing with design spectrum, the concept of an effected
I

( ,

LJ
1
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O ' ecceteration is stiti enere- ror structures witn ter9e
2 foundations you could use an effected acceleration.

3 Now, if you are going to use soil structure

4 interaction, any effect of scattering by foundation and so on

5 will be immediately incorporated, so it will not make any
6 sense to have that effective acceleration.

7 DR. SMITH: I agree. I was not the only person
!

8 making the recommendations.

9 DR. LUCO: If you are not going to do soil structure

10 interaction analyses, still you would have to explain what do

11 you mean by effected acceleration. Is it to account for the
4

12 soil structure interaction ef fects and results doing a

13 complete analysis? If that is so, then the question of

O 14 damping comes. !

15 The new proposeo values for damping are fairly

161arge based on information, which is af fected by the effects

17 of the soil. So I would be willing to use those large values
!
: 181f soil structure interaction ef fects were not considered and

19 if the soil properties were similar to the soil properties

20 where the data was obtained. In addition, the structures

21 would have to be similar. But if you are going to use soil
|

|

22 structure interaction which is going to use additional

23 damping, you coulo not use those large damping values.

O 24 So 1 tnink enere is e need to inteorete e11 of
25 these recommendations. Also, at the very beginning.you have

%)
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|] 1 recommendation of using the Newmark-Hall procedure, in which
2 you start from peak velocity, peak acceleration. Then you

3 multiply by some factors and you use the mean plus one
4 standard deviation spectra.

5 But later on you say that peak acceleration -- and

6 this is on page 18, recommendation 6(a) -- you equate that

7 mean plus one standard deviation or spectra -- the value of
8 that spectrum at high frequencies with the peak acceleration.

9 DR. SMITH: I oo not have you version of the report.

10 Is that in the section on the SSE7 I cannot speak to that

11 recommendation except that is what it is. It was confusing

12 to me and I questioned it a couple of times, and that is what

13 came back from the various consultants involved in that,
n -

v 14 I think that was one where I made a comment on one
15 of my earlier slides that the mean plus one standard

16 deviation --zero period acceleration was to be used in those

17 cases where you had a tectonic structure well-defined, such

18 as in the West, and you use the mean in other cases. At least

19 that is the sense of the recommendation But I can't really

20 speak to it,
i

21 DR. ZUDANS: That is correct.

22 DR. SMITH: So that ooes refer to the peak |
23 accelera tion. That is my understanc.ng, yes. But that was

C 24 jus t the recommendation on the value of peak acceleration

25 that shoulo be selected going to that sort of process as

O
:
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(] opposed to a mean value. I don't know whether I would say it
1

2 1s more or less conservative vis-a-vis the East or how it
3 woulo stand vis-a-vis the 3/4 g at Diablo Canyon. I have no

4 icea.

5 DR. LUCO: The way it is wriU en there, it is not

6
; clear, at least to me, how this would be done.

7 DR. SMITH: There does remain a great deal of work

i
8 to be done for any of the recommendations that are accepted
9 to be cast in the form of standard review plans, if that is

10 to be done, and clarification of the types can be made at

11 that time, I think. This is precisely one of the purposes of;

12 having a meeting of this type.

13
i DR. LUCO: The recommendatio,n has to do with

'

14 tortion, and I believe a 5 percent eccentricity is proposed
115 there.
I

16 DR. SMITH: I believe it is in addition to any

17 actual. I would have to look it up. I be.?ieve that is the

18 recommenda tion .

19 DR. LUCO: But that, again -- you would use that

20 only if you did not donsider inclined waves. But if you do

21 consider more general . type of excitation, that will produce '

22 tortion , so you do not want to add that to an additional

' 23 ecc en t ricity .

24 DR. ZUDANS: That would only be possible if he did

25not use that,- the first method, he dio not do that. I think

-O
V
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Q 1that is what he is implying.
2 DR. SMITH: I do not recall a discussion centering
3 on an alternative type you suggest. You are speaking to the

4 question of tortion itself regardless of whether the soil

5
structure interaction method that you used had the capability

6 of inducing tortion by virtue of its capability.

7 OR. LUCO: I will agree with that recommendation if

8 you are going to consider only vertical waves. But if

9 somebody decides to try to consider a more general seismic
10 excitation, tney should not be penalized twice with respect

11 to tortion.
12 OR. SMITH: There was another way of cuestioning it

13 which I questioned, that effect can be treated .n the

14 parameter variations. But my view did not win out.

15 DR. LUCO: I am assuming actual eccentricities

16 should be re flected.
17 DR. OKRENT: Paul, maybe you ought to flash on -- I

18 think you have two or three more Vu-graphs, and see if there

19 are specific comments there. If possible, I would like to 1

20 finish this topic in five or ten minutes.

21 ~

DR. SMITH: I think we can do that. There was only

22 one major topic to cover, and that is this one,

23 recommendations made that the SRP shoulo require more testing

] 24 for seismic design to increase confidence it, analytical
i

25 methogs, and also to get some idea of failure levels. I

O
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1 DR. OKRENT: On the previous one, you said something
2 about the OBE. Coulo you put that one up?

3 DR. SMITH: Oh, yes. That was the number ofO 4 operating basis earthquakes recommenoeo to be at two, whereas
5 I believe the present requirement is five. This was just

6 the judgment of the group.

7 DR. OKRENT: Five, you said?

8 DR. SMITH: I believe the present requirement in

9
those cases where you have this kind of -- if you want to

10
call it low cycle fatigue -- they require five operating

11 basis earthquakes.

12 DR. OKRENT: Okay.

13 DR. TRIFUNAK: The previous Vu-graph --

14
DR. SMITH: I guess that is kind of a justification i

'

15 for it from some persons. Look at the data. The OBE

16 acceleration is more than 90 percent non-exceeoance

17 probability during a 50-year life. That was the basis for

18 the recommendation. This was felt to be more than you needed.

19 OR. OKRENT: On the last point, if you get the SSE,

20 how oo you figure af ter-shocks in there, or don't you?
21 DR. SMITH: I amk not aware that much is done along

22 those lines.

23 DR. OKRENT: They will be larger than your OBE or

2411ke your OBE. It will come after instead of before. It is

25 all right.

O
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O (Slide)1*

2 I want to mention at this point here that there was

3g a reg. guide and standard review plan on this, and that
V

' 4 concludes the presentation.

5 OR. OKRENT: Are there any other comments now?;

6 As I indicated earlier, I think we would like to
I 7 have the consultants provide us with comments in those areas

8 in which, to use one of the other speaker's words, they feel

9 either expert or -- those are his words, now my words --
10 where they would like to make a comment, whether they feel
11 expert or not.

!

12

! 13

14

'

15

16

17
i

18

'
19

4

20;

21

!
'

22

'

23

O 24
.

25

!O
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6/4
1

dsp r&t DR. SIESS: You had better define " expert."
ta^T 9 2

(~/ DR. OKRENT: I said, I gave you a different basis.
3

If you want to make the comment, that is sufficient reason. You

() -do not have to feel --

g 5

g MR. THOMPSON: Your expertise --

@ 6
g DR. SIESS: Well --

3 7
; DR. OKRENT: Somehow We drifted back to the original
8 8"

agenda. I cannot understand how,d
d 9
i (Laughter)o
G 10
z DR. ZUDANS: If you had not changed the agenda_

E 11

$ originally, we would not be here.
d 12

$ (Laughter)

( )
E' 13
E DR. OKRENT: There is supposed to be one more
$ 14 ,

'

h discussion on budget, which I guess would have to be a closed
2 15
y session, which we would start on right away in terms of what

$
16

your latest figures are.

6 17
y So I would propose we would take a seven or eight
M 18

5 minute break and then go into a closed session to talk about |

I 19
A your latest figures. And Dick, you ca:. arrange it with the

20
reporter.

21
(Thereupon, at 9:00 p.m., the the meeting in the

22

(}} above-entitled matter was recessed to go into executive session.)

end 9 :

Snd job 24|
~

(:) 1
25 g
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- DEMONSTRATES REVIEW APPROACH FOR DRESDEN 2

- PROVIDES OVERSIGHT FOR SRT REVIEWS

O - PARTICIPATES AT SITE VISITS,

- PROVIDES CONSULTATION ON SPECIAL PROBLEMS

. SEISMIC REVIEW TEAMS (SRT)

- NRC STAFF, LLL PERSONNEL AflD SUBCONTRACTORS

- IMPLEMENTS SEP SEISMIC REVIEW PROGRAM

- CONDUCTS SITE VISITS

- CONDUCTS C0flFIRMATORY EVALUATIONS

- REVIEWS LICENSEE SUBMITTALS

- DOCUMENTS RESULTSq''
- RESOLVES ALL OPEN ISSUES

O.

.



.. : ,. -. .
.

,

GROUP 1 REVIEW APPROA G
,

O . DEVELOP REVIEW PROCEDURE / BASES FOR RE-EVALUATION (NUREG/CR-

0098)

IDENTIFICATION OF CATEGORY 1 ITEMS.

DOCKET REVIEW.

REVIEW 0F SUMMARIZED INFORMATION FROM LICENSEE, A-E, NSSS.

AND VENDOR FILES

SITE VISITS.

REVIEW 0F DETAILED INFORMATION FROM LICENSEE, A-E, NSSS.

AND VENDOR FILES

O
DEVELOP SIMPLIFIED CONTEMPORARY MODELS (E.G. TO ESTIMATE.

3-D EFFECTS VS ORIGINAL 2-D)

CONDUCT SCREENING ANALYSES / EVALUATIONS (E.G. TO CONFIRM REVIB-.

TEAM JUDGMENTS)

STRUCTURAL RESPONSE-

IN-STRUCTURE SPECTRA-

EVALUATE SELECTED PIPING / EQUIPMENT-

COMPARE WITH PERFORMANCE CRITERIA i.

i

IDENTIFY POTENTIAL DEVIATIONSO ,

RESOLVE OPEN ISSUES.

DOCUMENT RESULTS (CONSULTANT REPORTS, SER).

.

. . - - _ _ _



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

.

.

:

!

!O
! SCHEDULE
i

O
4

GROUP 1 PLANTS
.

:

DRAFT FINAL CONSULTANT

! CONSULTANT REPORT REPORT

i

DRESDEN 2 7/79 C 4/80 C;

:

i

GINNA 6/80 T 9/80 T

i

i PALISADES 6/80 T 10/80 T
;

i O OYSTER CREEK 7/80 T 11/80 T
~

! MILLSTONE 1 9/80 T 12/80 T
:

|

|

|
:

;

I

1

:

i O
:
:

|0
.

,

i

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



__

GROUP 2 REVIEW Appn04cH'

O

O . DEVELOP REVIEW PROCEDURE / BASES FOR RE-EVALUATION

(NUREG/CR-0098)
'

IDENTIFICATION OF CATEGORY 1 ITEMS.
,

DOCKET REVIEW.

REVIEW 0F INFORfMTION FROM LICENSEE, A-E, NSSS
.

AND VENDOR FILES :

|

DEVELOP ACTION PLAN FOR RE-EVALUATION (LICENSEE).

NRC REVIEW 0F LICENSEE'S PLAN.

O . LICENSEE CONDUCTS EVALUATION i

NRC REVIEW 0F LICENSEE'S SUBMITTALS.

SCREENING EVALUATIONS BY NRC REVIEN TEAM-

COMPARE WITH PERFORMANCE CRITERIA.

IDENTIFY POTENTIAL DEVIATIONS.

RESOLVE OPEN ISSUES,

DOCUMENT RESULTS (CONSULTANT REPORTS, SER)
,

O

O

i

-
_ _ _.



SCHEDULE

O
GROUP 2 PLAflTS SEiSi1IC MILEST0ilES

O
A. ACTION PLAN / CRITERIA DOCUMENT COMPLETE _ JULY 1, 1980

B. ANALYSIS AND EVALUATION OF REACTOR
BUILDING AND RCPB C0f;PLETE (SUPPLEMENTAL

REPORT, IllCL, ACTION PLAN FOR ANY

MODIFICATIONS) 20 WEEKS

C. AtlALYSIS OF OTHER CAT. 1 BUILDINGS
COMPLETE (FLOOR SPECTRA, RESPONSE

PROFILES) 24

D. ANALYSIS AND EVALUATION OF SAFE SHUT-
DOWN SYSTEMS C0ilPLETE (PIPING, ANCHORAGE

q OF MECHANICAL / ELECTRICAL EQUIPMENT)
'

(REPORT, WITH ACTION PLAN FOR ANY

MODIFICATIONS) 40

E. STRUCTURAL EVALUATIONS OF (C) AB0VE
COMPLETE (REPORT, WITH ACTION PLAN FOR

ANY MODIFICATI0flS) 40

F. ANALYSIS AtlD EVALUATION OF ECCS/ES
SYSTEMS COMPLETE (PIPING, ANCHORAGE

OF MECHANICAL / ELECTRICAL EQUIPMENT) 48

G. EVALUATION OF MECHANICAL / ELECTRICAL

EQUIPfiENT COMPLETE (INCL. OPERABILITY) 64

H. LICENSEE SUBMITS FINAL REPORTS (WITH
O ACTION PLAN FOR ANY MODIFICATI0flS) JANUARY 1, 1982

O

m



SCHEDULE (CON'T)

: O I. NRC REVIEW COMPLETE APRIL 1, 1982

J. ALL FACILITY MODIFICATIONS C0tiPLETE JANUARY 1, 1983

.

O

.

O.

O

.



O
SEP SEISMIC REVIEW ACCOMPLISHMENTS

O

, COMPLETED AilD DOCUMEllTED DOCKET REVIEWS ON ALL 11 PLANTS

COMPLETED DRESDEll 2 SEIStilC REVIEW - NUREG/CR-0891.

COMPLETED STRUCTURAL RE-ANALYSIS INCLUDIflG IN-STRUCTURE.

SPECTRA FOR GINNA, PALISADES, 0YSTER CREEK (MILLSTONE 1 -

Ill PROGRESS)

EQUIPMFflT QUALIFICATION REVIEWS NEARING COMPLETION FOR GINNA,.

I
PALISADES AtlD OYSTER CREEK

O DEVELOPMENT OF RE-EVALUATION PROGRAfl FOR GROUP 2 PLANTS / REVIEW !.

0F LICENSEE SCOPlilG EVALUATIONS (E.G. YAtlKEE R0WE, LACROSSE,

DRESDEN 1, ETC.)

REVIEW OF SAN ONOFRE 1 RE-EVALUATI0fl PROGRAM RESULTS.

LACROSSE LIQUEFACTI0fl SHOW CAUSE ORDER.

SUPPORT OF IE EQUIPMENT /I&E INFORMATION fl0TICE 80-21.

SITE SPECIFIC SPECTRA PROJECT I
'

.

i

O

O
.

*



-

.

O
DETERMINATION OF SEISf1IC HAZARD

O
VARIOUS DETERMINISTIC AND PROBABILISTIC TECHNIQUES UNDER,

CONSIDERATION

LLL/ TERA CORP, SITE SPECIFIC SPECTRA METHODOLOGIES-

SEP LICENSEE SITE SPECIFIC PROGRAM-

OTHER PREDICTIVE TECHNIQUES-

.

GOALS.

(]) RECOGNITION OF UNCERTAINTY-

:

- UNIFORM AND CONSISTENT TREATMENT FROM SITE TO SITE

REALISTIC, BUT NOT OVERLY CONSERVATIVE METHODOLOGY-

DEFENSIBLE BASES FOR DECISION-

PRELIMINARY NRC DECISION IS IMMINENT,

f

,

|

O

. -



_ _. ._ _

_

PRELIMIN ARY CONCLUSIONS)

() I STRUCTU R AL

BROUP 1 - ADEQUATE

GROUP 2 - MAY REQUIRE UPGR ADING

I MECH ANICAL AND PIPlNG
l

GROUP 1 - ADEQU A TE WITH SOME EXCEPTIONS
.

GROUP 2 - SUBSTANTI AL UPGR ADING WI LL BE REQUIRED

() |,

l

I ELECTRICAL |

GROUP 1. AND 2

A) FUNCTION AL QUALIFICATION DOCUMENTATION

LACKING

. B) ANCHORAGES AND SUPPORTS MAY REQUIRE |
UP8RADIN8

'

\

C)
'

.



_ _ .

O
ANCHORAGE AND SUPPORT OF SAFETY-RELATED

ELECTRICAL EQUIPMENT
'

PROBIFM

. DEFICIENCIES IDENTIFIED DURING SITE VISITS TO 6 LATER SEP
PLANTS

- EQUIPMENT WAS SUPPORTED IN NON-UNIFORM MANNER

- SOME EQUIPMENT LACKED POSITIVE AtlC!10 RAGE

- ANCHORAGE OF SOME EQUIPMENT APPEARED fl0T TO BE ENGINEERED

O
- SUPPORT OF INTERNAL EQUIPMENT POTENTIALLY INADEQUATE

- POTENTIAL INTERACTION OF N0il-SEISMIC ITEMS WITH CATEGORY I
EQUIPMENT (DOLLEYS, DUCTHORK, ETC.)

.

'

O

..
. .

, -,~n.- - - . , - - . - - - . -



.

O

Q ANCHORAGE AilD SUPPORT OF SAFETY-RELATED

ELECTRICAL EQUIPMENT

. EXAMPLES OF EQUIPMEllT FOUND WITHOUT POSITIVE ANCHORAGE

- STATION SERVICE TRANSFORMERS (4160V-480V)

.DC TO AC. INVERTERS

- BATTERIES (EtlERGENCY DIESEL GENERATOR, DIESEL FIRE

O PUMP, STATION)
.

- MOTOR CONTROL CENTERS

- C0ilTROL PANELS (MG SET, AIR COMPRESSOR, CONTROL R00tD

- IllSTRUMENT RACKS

- BATTERY ROOM MAIN BREAKERS AND DISTRIBUTION PANELS

- SWITCH GEAR

:

O

O

* /



.

O

([) ANCHORAGE AND SUPPORT OF SAFETY-RELATED

ELECTRICAL EQUIPMENT

NRC ACTION

l
l

.,

LETTERS SENT TO ALL SEP LICENSEES ON JANUARY.1, 1980.

.

([) - INSPECT ALL SAFETY-RELATED ELECTRICAL EQUIPMENT

FOR POSITIVE ANCHORAGE WITHIN 60 DAYS

- EVALUATE THE ADEQUACY OF THE ANCHORAGE AND SUPPORT

SYSTEM

- CORRECT DEFICIENCIES BY SEPTEMBER 1, 1980

I&E INFORMATION NOTICE NO 80-21 SENT TO ALL ors ON.

MAY 16, 1980

|

CE) :

O

.

- - , . - - -- - . . , , ,- , --



.

I

i

O
ANCHORAGE AND SUPPORT OF SAFETY-RELATED

O ELECTRICAL EQUIPMEtlT

SHORT TERT 1 RESOLUTIOil

,

EQUIPMENT IDENTIFIED WITHOUT POSITIVE AtlCH0 RAGE HAS BEEF!.

FIXED OR WILL BE FIXED PRIOR TO START-UP FR0t1 CURRENT

OUTAGES WITH EXCEPTION OF THE BIG ROCK POINT PLANT WHERE

FIXES WILL BE COMPLETED DURING UPCOMING SEPTEMBER /0CTOBER

OUTAGE

O

LONG TERM RESOLUTION

LICEilSEES ARE Ifl THE PROCESS OF EVALUATING THE ADEQUACY.

OF ALL ANCHORAGES AND SUPPORTS

. TARGET DATE - SEPTEMBER L 1980

i

|

;
.-

.

,

, - .
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O ORIGINAL SEISMIC INPU T |

SI TE SEISMIC INPUT

.O
DRESDEN 1 0.025 - 0.033g UBC (STATIC)

YANKEE R0WE NONE (110 mph WIND)

BIG ROCK POINT 0.025 - 0.05g UBC (STATIC) ;

LACROSSE NONE

SAN ONOFRE 1 0.5g HOUSNER (STATIC)

HADDAM NECK 0 17g HOUSNER

O
OYSTER CREEK 0.22g HOUSNER

DRESDEN 2 0.2g HOUSNER

GINNA 0.2g HOUSNER

MILLSTONE 1 0.17g HOUSNER

PALISADES 0.2g HOUSNER

O
|

O
!
:

'
'

.. .

'

i
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!

!

|D
1

j SEP SITE SPECIFIC SPECTRA PROJECT

FUNDINGO

FY 78 FY 79 FY 80
!

-

FUNDING 120k 230K 290K
(NRR/RES) (20K/100K) (0K/230K) (290K/0K)

| EXPENDITURES 75K 308K 205K1

CARRYOVER / 45K -33K -120K2
DEFICIT

i O
I

j SUMMARY

TOTAL PROJECTED

| EXPENDITURES 760K (50K GETR)

BREAKDOWN 430K NRR/330K RES

! O
^ NOTES:P 1. YTD-(END OF APRIL)

2. PROJECTED

O

:
'

.. /

,

. _ , _ -. _ . . , _ _ . , _ .y_ . _ . , , , , , _~ .. _ - - . . _ , , . .,,~,,,,,,-,y
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i
'

!

l

|O SEP SEISMIC REVIEW FUNDING
:

|O
i

;_. FY 79 FY 80 FY 81

| t

: ;'

! FUNDIilG 600 500K 300K3 IK

EXPEflDITURES 445K 385K2
'

_

i

! CARRYOVER 155K1 03 -

! .

!O
| SUMMARY. ,

4

|

| TOTAL PROJECTED

EXPENDITURES 1245K-

1

!
;

; !

.

!O -

NOTES: 1. TRANSFERRED TO SSSP I
'

i 2. -YTD (END OF APRID

| O. 3. PROJECTED

!
!

-
.

,
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Howard Levin
Coordinator

SYSTEMATIC EVALUATION PROGRAM
NRC CONTACTS

SEISMIC REVIEW ORGANIZATION
D. Crutchfield
D. Allison
T. Cheng
J. Greeves .L. Reiter

,

lll
SSRT] ARMY COE NASA-AMES

,

N. M. NOMMK (WW) PROGRM LEADERS W. Marcuson S. Day
W. J. HALL (NMN) R. C. PERRAY

R. P. KENNEDY (SM) T. A. NELSON

J. D. STEYENSON (WC) -

F. J. TOKARZ (LLL)
I I I I I

LLL TEAM EGG TEM EDAC TEM S M TEAM WC TEAM

TECHNICAL TECHNICAL

J. C. CHEN A. M. DAVITO R. CAMPBELL R. P. KENNEDY J. D. STEVENSOND. S. NG C. Y. LIAW R. VASUDEVAN D. A. HESLEY P. J. GALLAGHER
ADMINISTRATIVE S. M. MA S. A. SHORT

CMENTATION -R. D. BAILEY
K. J. STUART R. K. JOHNSON
C. A. MEIER i

GE0 LOGY AND

SEISM 0 LOGY PARET CONSULTANTS

D. L. BERNREUTER H. J. WEAVER N. C. TSAI
D. H. CHUNG M. P. SINGH

TERA CORP.

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



BAS S FOR REEVALUATION
O

O I CRITERIA DOCUMENTED IN NUREG/CR-0098 8Y
,

N. M. NEWMARK AND W. J. HALL, .EVELOPMENT OF

CRI TERI A FOR SEISMIC REVIEW 0F SELECTED NUCLEAR
POWER PLAN TS"

1. SELECTION OF EARTHOUAKE HAZARD
I

2. DESIGN SEISMIC LOADINGS -,

3. S0I L-STRUCTURE INTER ACTION

O 4. DAMPING AND ENERGY ABSORPTION

5. METHODS OF DYNAMIC ANALYSIS

6. REVIEW ANALYSIS AND DESIGN PROCEDURES

7. SPECI AL TOPICS (e.g., BURIED PIPING, TANKS,
EQUIPMENT QUALIFICATION)

O

O

..



SLM9RY OF STRUCTUPAL DNPING VallES

(] PECUtENEED FOR SEP VS R.G.1.61

PER(BITAE
(CRITICALDNPIllG)

O EGU RY
TYPE NO CG0lTIgl SEP GU

OF STRUCRE ECGTE4DATIGilSTCESS LPEL 1_1,

WORKING STESS, A. VITAL PIPING 1TO2 1TO2
IU EI # B. kELEED STEEL, PESTESSED 2 TO 3 9
%0lfT 1/2 YIELD CalCETE, HELL EINFORCED CONCETE

~

.MIifT (04LY SLIGH CPACKIllG)

C. EINFORCED C0!CETE WITH 3TO5 4
CCNSIEPABLE CPACKING

D. BOLTED #0/0R RIEIED STFR 5 TO 7 4

AT OR JUST A. VITAL PIPING 2 TO 3 2 TO 3
t 04 YIELD
,altfr B. WElIED STEEL, PE51htSSED 5 TO 7 4

CalCElE (WITHOLTT CCFPltit
LOSS OF PESTESS)

C. PESTESSED CGlCREiE WITH t0 7TO10 5
PESTESS ! EFT

D. EINFORCED CCi! CRETE 7 TO 10 7

E. BOLTED #0/0R RIVETED STEL, 10 TO 15 7
WOOD STRUCRJES, WITH BOLTED

JOINTS

F. CELE TPAYS 1@ -

G. EQUIREIT 72 _

$EF. - 1. N. M. tDPARK, W. J. PALL "DEVELCREff 0F CRITERIA FOR SEISMIC PEVIEW OF
SELECTED NUCLEAR POER PLANTS," NUEG/CR-0098 (f%Y 1978).

2. J. D. STE\ENSON, "STRUCTl!RAL PMPING VALLES AS A RIlCTICfl 0F DYNAMIC ESPWSE

('') STESS #0 EFORPATICN EVELS," PAPER Kll/1, 5m ItfTEPFATI0 tilt. C0FJelCE CN
''

STRUCTUPAL ECPANICS Ill REACTOR TECHNOLOGY (AUGUST 1979).

..



.

PRORmi SEISi11C ESIM CLASSIFICATIM
AND DUCTILIT/ FACTORS ECC0fBFFil

O FOR SEP1

CLASS MSCRIPTION

0-S EQUIPfBff, IllSTRUFDES, OR CGTUEITS ERFORMING VITAL FLilCTIGIS 1 To 1,3

TFAT FUST REPAIN OPERATIVE DURING AND AFIER EARTliQUAES;

STRLGES EMT FUST PEPAIN ELASTIC OR fEARLY ELASTIC;

FACILITIES RRFOR11NG A VITAL SAFETY-ELATED FLt4CTI0tl TFAT FUST

REPAIN FUNCTIGML WITIDJT REPAIR.

I ITEMS TIMT IMT REPAIN ORRATIVE AFiER AN EARTICUAE BUT NEED f40T 1.3 To 2
OEPATE DURING TE EVENT; STRUCTUES BMT C#1 EFORM SLIGITLY IN

TE IELASTIC P#1E; FACILITIES TFAT ARE VITAL Blff 1405E SERVIE

CAN E INTERPLUTED LtEIL MINOR EPAIRS APE MADE.

II FACILITIES, STRLGES, EQUIREE, INSTRitBlTS, OR CCFPCfBITS THAT 2 To 3

g CAN EFORM INELASTICALLY TO A MDERATE EXTEff HIBLUT l!MCEPTABLE

LOSS OF FUNCTIW; STRUCTUES HOUSING ITEMS OF CLASS I OR I-S THAT

FUST tiOT E PERilTTED TO CAUSE DAPAE TO SLCH ITEMS BY EXESSPE

EEF0FFATIW OF TE STRLGRE.

III ALL OTER ITEiS WHICH AE USUALLY CGERED BY ORDIfMRY SEISMIC 3 To 8
ISIGN COES; STRUCTUES PEQUIRING SEISt11C ESISTANE IN ORDER TO

E EPAIPABLE AFTER #1 EARTIMAE, (EF80 LNG W PATERIAL, TYPE

OF CONSTRUCTION, DESIGN OF DETAILS, At0 CGfTROL CF QUALITY).

;

EF. - 1. N. M. fEWARK, W. J. HALL, "EVELOREff 0F CRITERIA FOR SEISt11C T/IB4
1

0F SELECTED NUCEAR POWER PL#1TS," NUEG/CR-0098 (PAY 1978).

.

O



_ _ _ _ _ _ _

,

DETERMINATION OF THE SEISMIC HAZARD j
'

O I LLL/ TERA CORP. SITE SPECIFIC SPECTRA METHODOLOGIES

O MULTI FACETED APPROACH FOR DETERMINING SITE-

,

SPECIFIC SPECTRA AND SEISMIC HAZARD

'

1. DIRECT AVER AGING OF RESPONSE SPECTR A FROM

APPROPRI ATE GROUPS OF EARTHOUAKES

2. SCALING APPROPRIATE REAL SPECTRA TO PREDICTED

PEAK ACCELERATION V ALUES AT THE SITE FOR
VARIOUS RISK LEVELS

3. USING THE NEWMARK-H ALL APPRO ACH TO SCALE
!

RESPONSE SPECTRA TO PEAK ACCELERATIONS AND

O VELOCITIES FOR VARIOUS RISK LEVELS
.

4. USING UNIFORM RISK TECHNIQUES TO SCALE
SPECTRAL DRDINATES AS A FUNCTION OF ANNUAL
RISK OF EXCEEDENCE 1

I SEP LICENSEE SITE SPECIFIC PROGRAM

.

O

O

..
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PROBABI LiSTIC SEISMI CO
RISK AN ALYSIS ME TH000LOGIES

,

1

O
I PROS

1. EXPLICIT TRACKING OF PARAMETERS FOR SENSITIVITY

OF THEIR VARI ANCE ( ABILITY TO DEAL WITH UNCERTAINTY)

2. QUANTlFICAfl0N OF PREDICTED RISK IN CONSISTENT
AND UNIFORM MANNER -

3. ESTIMATION 0F RELATIVE RISK FROM ONE HAZARD OR
,

DESIGN LEVEL TO ANOTHER

O 4. LIMITED EVALUATION OF NECESSARY RESISTANCE IN I

|TERMS OF OVERALL RISK 80ALS

8 CONS

1. LIMITED DATA BASES

i

2. DIFFICULTIES IN DEVELOPING CORRECT STATISTICAL l

METHODS ( A81LiTY TO DEAL WITH 80TH RANDOM AND I

SYSTEMATIC ERRORS)

O l.
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OVERVIEW 0F DRESDEN 2 CONCLUSIONS

O oy W. J. neii end N. M. Newmark

Prepared for meeting of A.C.R.S. Subcommittee
on Extreme External Phenomena, June 4, 1980

*

BASES FOR SEP RE-EVALUATION

Introduction
'

A history of the development of the SEP program and the status of the
.

'

review studies underway have been presented by Mr. Howard Levin of NRC. We

shall not attempt to restate these important details here but shall confine

our comments to a short overview of the philosophy underlying the SEP seismic

review and evaluation.
O
V The Senior Seismic Review Team which was assembled'to assist and provide

overall consultation in the areas of criteria development, analysis and techni-

cal evaluation, consists of N. M. Newmark, Chairman, W. J. Hall, R. P. Kennedy,

J. D. Stevenson, and F. J. Tokarz. We wish to acknowledge here the excellent

technical support provided by the cognizant NRC and LLL staff and their sub-

contractors. In the case of the Jr esden 2 study, these individuals are identi-

fired on page xix of Ref. 2.

General Philosophy and Approach Pertaining to the Review Process

In October 1977 the Nuclear Regulatory Commission approved initiation of

Phase II of the Systematic Evaluation Program (SEP) which consists of af3
V

plant-specific reassessment of the safety of eleven older operating nuclear

plants. Many of the early nuclear facilities were designed and constructed
n

,
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during the time when seismic design procedures for such specialized systems3

were just beginning to be developed. As such it is recognized that in many

; cases these plants were designed to criteria that are different from those
' O used for more recent plants, in some cases less rigorous and in some cases more4

rigorous.

In the case of nuclear facilities, safety for seismic excitation does

imply that certain elements and components of the system must continue to re-
7
;

main functional. However, resistance to seismic motions does not mean complete,

; absence of permanent deformation in all cases. Struct res, piping, and equip-
1

; ment may deform into the inelastic range, and some elements and components may
e

'

even be permitted to suffer damage, provided that the entire system can con-
;

tinue to achieve and to maintain afterward a safe shutdown condition. On the

other hand some items may be required to have limited deformation even in the

O eiestic rense in order to ec8ieve the desired criter4e. aence the sefety cr4-

teria for an existing facility differ for the various elements and components

of the system.

It should be apparent in such a case that the review is considerably dif-

ferent in scope and depth from current construction permit and operating li-
|
'

cense rev.iews, because it is designed to focus only on pertinent matters of

significance in a manner sufficient to identify safety issues and to provide>

1.
'

an integrated and balanced approach to backfit considerations in accordance,

I

with 10CFR 50.109. This regulation specifies that backfitting will be re-

quired only if substantial, additional protection can be demonstrated for

O. the public health and safety. Such a determination requires an assessment of
_

i. broad safety issues considering the various systems interactions in the con-
:

i text of overall plant safety. Thus.the review concept in the case of olders
!

| 5 j

|
1
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nuclear plants is not envisioned as one based upon demonstrating compliance
Q,

with specific criteria in the Standard Review Plan or Regulatory Guides, since

individual criteria do not generally control broad safety issues. However,

current licensing criteria are utilized with respect to the level of design4

they dictate, and as baselines from which to measure relative safety margins

to support broader integrated assessment.

As used in the previous paragraph, the term " relative" is not to be

construed as evaluation based on the norm of current criteria, standards, and

procedures, but instead in the light of knowledge that led to such a level of

design. It would be unreasonable to assume that an older plant would consist1

of structu.es, equipment, components, and systems thac would meet current cri-
;

teria in every instance; even so', those items that do not meet current cri-

teria may be entirely adequate in the sense of meeting acceptable safety and

O reliability criteria. Therefore, the seismic resistance capability of a
.

facility is compared in a qualitative fashion to that dictated by the " intent"

of today's licensing criteria with the objective of assessing the levels of

sdfety and reliability.

In the case of nuclear plants the review focuses specifically on the

following:
1

(a) an assessment of the integrity of the reactor coolant pr' essure bound-

ary, and

-(b) an. evaluation of the capability of essential structures, systems and

components required to safely shut down the plant and maintain it in

a safe shutdown condition (including removal of residual heat) during
.

and after a postulated seismic disturbance.

O
l

. - - .
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-Q Obviously all structures, piping and equipment cannot be examined or

inspected in detail, but the close study of one subgroup of equipment can be

used in many cases to infer capability of other safety-related systems; a

positive finding (albeit judgmental) with respect to the reactor coolant

system and safe shutdown systems, for example, could be interpreted to imply

adequate assurance of seismic resistance for the other systems on the premise

they are designed similarly.
,

The Review Process

The review process for a reactor facility normally consists of two

general tasks, one pertaining to detailed review of the existing plant in the

light of applicable review criteria and the other involving detailed design

and analysis studies to develop the desired (and possible) upgrading of

/~T the seismic resistance.
U

The detailed review normally encompasses inspection of the plant, review

of existing documentation (reports, plans, and calculations) as appropriate,

determination of existing material properties, and identification of those

systems which realistically and economically are amenable to upgrading. As

a part of this review it may be desirable to carry out a risk analysis to help

provide a basis for the decisions that must be made as to the desirability and '

advantages of carrying out the upgrading.

In many cases it is economically, if not physically, impossible to carry

out significant seismic upgrading improvements. In those cases where it is

possible and economical, it is desirable to take advantage of the latest con-
C'

cepts pertaining to development of seismic resistance. Thus in the evaluation-

of.an existing facility, and in the subsequent detailed design studies for -

pJ.

,
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desirable) to take into account the modest amount of nonlinear behavior that

can be permitted in many portions of such systems without significant decrease

[ in the margin of safety against safe shutdown or containment.

Last, but by no means least, is the observation that the inherent seismic

resistance of well designed and constructed systems is usually much greater

than that commonly assumed, largely because nonlinear behavior is mobilized
'

to limit the imposed forces and accompanying deformations. In such systems

where the resistance is nondegrading for reasonable deformations, the require-

ments for retrofitting may be nonexistent or at most minimal. General guide-

lines for seismic review of nuclear facilities were presented by the authors

recently in Ref.1, and includes consideration of such items as the general'

philosophy and approach pertaining to the review process, selection of the

O earthquake hazard for review and design, design seismic loadings, soil-'

structure interaction, damping and energy absorption, methods of dynamic anal-

ysis, and review analysis and design procedures.

(

Evaluation
~

On the basis of the re-evaluation studies made as a part of the foregoing

studies, an overall evaluation (judgmental assessment) of the adequacy of the

critical structures and representative equipment items and systems to function

properly during and following the SSE hazard is made. Such an evaluation takes

into account judgmental or factual assessment of the margin _of safety, as

the case may be, and consideration of the adequacy of individual items in a
(3
V system in terms of overall system performance. Also, specific comments

pertaining to upgrading or retrofitting.are made when appropriate.
A
. V

. -
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DRESDEN 2 EVALUATION-

.O:

Introduction

A summary of the Dresden 2 re-evaluation efforts is presented in Ref. 2

O in considerebie dete4i. Some brief overview comments ere given in the'

following sections; these comments will receive elaboration in the subsequent

presentations on structures to be given by Dr. R. P. Ke'nnedy, and on equipment|

and distribution systems to be given by Dr. J. D. Stevenson.

Hazard

On the basis of tne original seismic investigation, and the re-evaluation -

by the NRC as a part of the SEP program, the SSRT decided to use an SSE

characterized by 0.2 g zero period horizontal ground acceleration and R. G.

3 1.60 spectra for the re-evaluation. Vertical effects, in accordance with the

current NRC criteria, were also considered. Preliminary review of the site

O'

specific response spectra suggeststhat for Dresden 2 the spectra may be

anchored to a value slightly less than 0.29 Obviously this comparison,
,

:

j only one of many, suggests that the margin of safety may be even greater

than those reported in Ref. 2.
.| ,

' Structures

The first task in examining structures is to summarize the nature and

makeup of the structures that are to be examined in the light of knowledge
~

about original design criteria and information on_the as-constructeo plant.

|- Also required is a summary of design analysis approaches employed, including

hn ioading combinations, stress and ' deformation criteria, and controlling
a

response calculations.

O

:

.-
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The re-evaluation of Dresden 2 considered such factors as
- .O (1) response spectra, damping and nonlinear behavior,'

(2) analysis models
;

; O (3) normai, seismic and eccident ioads,
!

(4) forces, stresses 'and deformations, and

; (5) relative deformaion.

In order to gain insight into certain factors, some analysis was;_

I undertaken, as will be described by Dr. Kennedy.

Equipment and Distribution Systems

Of particular importance in the re-evaluation process is the assessment

of the adequacy of critical mechanical and electrical equipment, and fluid- and
! -

! electrical-distribution systems. The re-evaluation centers on those items or
,

O
'

ystems essential to meeting the general criteria described earlier.si-

A major task of the re-evaluation process is to identify the critical'

safety related systems and the criteria originally used for procurement and
3

seismic qualification of equipment. For such systems selected, representative

items or-systems were M!ntified on the basis of (a) physical inspection of the

facility (where specific items were identified as appearing possibly to have

nearly lower bound seismic resistance), and (b) representative sampling.

After system or item identification, and after ascertaining the nature of
,

f- the seismic criteria used during~ procurement or qualification, the re-evaluation
;

|
effort involves a detailed assessment of the original design in the light of-

current knowledge about equipment vulnerability to seismic excitation.

Specifically the evaluation involves consideration of the following items.

(a) Seismic' qualification procedures

Q. (b)' Seismic criteria (including floor response spectra, dynamic ' coupling,.
'

and damping)

.

. - _ _ _ . , _ _ .
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(c) Force, stress and deformation criteria

p (d) Anchorage of equipment
wi

These topics, and the findings as they pertain to Dresden 2, will be

addressed by Dr. J. D. Stevenson.
,()

Concluding Evaluation and Assessment - Dresden 2

The summary and conclusions pertaining to the Dresden 2 re-assessment

are lengthy and the essence of the details will be given in the presentations

that follow. The overall general assessment appearing on pages 10-12 of

Ref. 2 is reproduced below.

" Based on the combined experience and judgment of the members of the SSRT, the

reviews and spot checks of the original design analyses, recent revisions and

amendments to these analyses, comparisons with similar items of equipment and

components in other more recently designed reactors and in line with our

recommendations contained herein, it is our conclusion that:
(o)
%./

1) The structures and structural elements of the Dresden 2 facility are

adequate to resist an earthquake with an SSE value of acceleration of

0.2 g, subject to confirmation as noted on p. 8.**

2) The piping in the facility is adequate to resist an earthquake with

an SSE value of 0.2 'g with acceptable inelastic deformation as

controlled by current piping design codes.

However, we have not reviewed in detail the as-built piping supports

to determine if they are fully in accord with the design criteria.

We recommend that the as-built spacing of pipe support design using

lateral-deflection and force-evaluation curves be checked to ensure
n

that the spacing is consistent with attaining a piping frequency'

,o ** The' p. 8 citation refers to the adequacy of sway rods and their bracing
t _J for the torus shell and columns.'

|

|
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great,er than two times-the building frequency as stated in the design
- criteria.

3) Based upon the examination of selected mechanical and electrical

equipment that in our judgment represents a lower bound with respect
1

to seismic fragility, we believe that the equipment in the facility'

is adequate to resist an SSE earthquake consistent with 0.20 g, and,

subject to satisfying several points discussed below, should remain
' functional. This conclusion is based upon consideration of modern

criteria involving floor response spectra, especially at upper levels

of the structures where amplified motions might be expected, and with
t

the realization that the uncertainity bound for the seismic resistance
,

of equipment is broad. It is felt that the margins of resistance

against damage to equipment are probably less than specified by

current criteria, but it is our assessment that the possible damage

O shoula not imneir functional cepebility. we reco9nize that less

rigorous design and qualification criteria existed when the equipment

was manufactured, and there was also less attention paid in the

design of equipme..t supports.

The above conclusions are predicated on the following additional
,

points:
.

. That all safety-related electrical equipment in the plant are checked.

to ensure that adequate engineered anchorage exists. " Engineered

anchorage" means that the anchorage has been datermined to be adequate

by analysis or tests employing design procedures (load, stress and j
'

A deformation limits, materials, fabrication procedures and quality
V

acceptance) in accordance with a recognized structural design code. i

r

. t

V
|
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* That the remaining items listed in Section 2.3** are evaluated and

() upgraded if required, including the specified design modifications

documented in Ref. 60.

e That a general reconnaissance of the plant be made to identify and

upgrade, if necessary, any overhead or suspended items, and items

on rollers or capable of sliding or overturning that could dislodge,

fall, or displace during an earthquake and impair capability of the

plant to shut down safely. This applies to temporary as well as

permanently installed items.

4) With regard to seismic criteria, the functional reliability of

electrical equipment and, to a lesser degree, that of mechanical

equipment are among the most difficult items to evaluate. In recent

years, shake-table tests of generic, or specific prototype-equipment

systems, or both, are conducted to confirm their reliability.
'O Alternatively, analyses are made where modeling is possible and

rational .

;Because much of the electrical and mechanical equipment is expected

to function in an active manner during its lifetime (as contrasted to

the passive function of structural systems or elements) it is to be

expected that failures, especially in some classes of equipment, will

occur from time to time under normal operation. Realization of this

situation is one reason that redundancy of safety systems is normally

required, thereby reducing reliance upon a single system in the event

of a seismic disturbance that might by chance render a piece of

equipment inoperable, especially if it has been functioning for an '

extended period of time.,

O
** These items will be identified by Dr. J. D. Stevenson in his presentation.'

-

I-
t

|
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With appreciation of the state of the art of equipment qualification

O at the time of the Dresden 2 design, and as carried out and reported

in generic testing (see Chapter 6), and on the basis of years of

O experience by members of the SSRT with respect to functioning of

equipment, not only in earthquakes throughout the world but also

under military requirements, it is our opinion, in the case of

Dresden 2, that there is strong reason to believe that the systems

required for safe shutdown will remain functional under the design

hazard. This conclusion is predicated upon the consideration that

there are degrees of redundancy in safety systems and components

within a given safety system to avoid dependence on any one component

or system, and on the premise that a comprehensive equipment

maintenance program is carried out."

O
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SYSTEMATIC EVALUATION PROGRAM

RE-EVALUATION OF THE SEISMIC ADEQUACY OF STRUCTURES

OBJECTIVES

* DEVELOP CRITERIA AND EVALUATION CONCEPTS

FOR COMPREHENSIVE REVIEW

* ESTIMATE THE SEISMIC SAFETY RELATIVE TO
CURRENT CRITERIA

O * RECOMMEND GENERALLY ANY REQUIRED MODIFI-

CATIONS TO BRING THE PLANTS TO ACCEPTABLE

LEVELS OF CAPABILITY IF THEY ARE NOT
ALREADY AT SUCH LEVELS

.

9

O

O
wa
--

f
i



l
. .

.

O -

SEP STRUCTURES CRITERIAO DRESDEN UNIT 2

EVALUATE THE EFFECTS OF.

!

DESIGN SEE

* EARTHOUAKE INPUT 0.2a HousNER 0.2a R.G. 1.60 )
* DIRECTIONAL COMBINATIONS ONE HoRIZ, & VERT. SIMULTANEcus 3-D

* DAMPING Low MEDIAN CENTERia

* DUCTILITY elastic LIMITED INELASTIC
ALLOWED

O * x0DELLING 2-D s-D INet. ToRsloN ;
* FLOOR RESPONSE SPECTRA GRCUND SPECTRA oR CURRENT CRITERIA

SIMILAR PLANT SPECTRA

O !
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TABLE 5-1. Original and currently reccm ended damping values.

,

Percent of critical damoino
6

NUREG/CR-0098'R.G. 1.61
Structure or compenent Dresden 2 (SSE) (Yield levels)

Retnforced concrete 5 7 7 to 10.

*

Steel frame 2 4 or 7 10 to 15
Welded assemblies 1 4 5 to 7
Bolted and riveted assy. 2 7 10 to 15
Vital pfptng 0.5 2 or 3 2 to 3

|
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lTA8LE 4 PROPCSki SEISMIC DESIGN Cl.ASSIFICATION

i

Cl. ASS DESCRIPTION
1

l

I-S Equipment, instruments, or conoonents performing vi tal functions

that must remain operative during and af ter earthquakes;

Structures that must remain elastic or nearly clastic; I

Facili ties performing a vi tal safety-related function that mus t f

remain functional wi thout repai r. Ductili ty factor = 1 to 1.3. |

I Items that must remain operative af ter an earthquake but need

not operate during the event; Structures that can deform

slightly in the inelastic range; Facilities that are vital but
1

whose service can be Interrupted until minor repairs are made. I

Ductili ty f actor = 1.3 to 2.

II Faci li ties , s tructures , equi pment, ins truments , or components

that can deform inelastically to a moderate extent wi thout

unacceptable loss of function; Structures housing items of

Class I or I-S that must r.ot be permitted to cause damage to such

i tems by excessive deformation of the structure. Duct!!ity
I factor = 2 to 3.

lO III All other i tems which are usual y pw. :d by ordinary seismice

design codes; Structures requiring seismic resistance in order to

O s e a ir 6i <t r et*< * - o ti ii :v < tar 3 == 8

depending on material, type of construction, design of details,

and control of quality.
.
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APPLICATION OF SEP CRITERIA
O DRESDEN unit 2

* COMPARISON OF DESIGN LOADS WITH THOSE FROM CURRENT METHODS

USING EXISTING OR SIMPLIFIED MODELS

CURRENT LOADS LESS THAN DESIGN LOADS --

STRUCTURE ASSUMED ACCEPTABLE

- CURRENT LOADS GREATER THAN DESIGN LOADS -

COMPARED ON THE BASIS OF LOAD RATIOS SUCH THAT

ALLOWABLE DUCTILITY NOT EXCEEDED

O * LIMITED STRESS ANALYSIS CONDUCTED IF DESIGN LOADS NOT AVAILABLE-

OR IF LOAD RATIOS EXCESSIVE

* FLOOR RESPONSE SPECTRA DEVELOPED BASED ON CURRENT CRITERIA

O

O
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CONCLUSIONS

O DRESDEN UNIT 2 SrauCTuRES

* REACTOR AND TURBINE BUILD:NGS - STRUCTURE ADEQUATE

NO INELASTICITY IN EXCESS OF ALLOWABLE-

UNDER SEP CRITERIA

* DRYWELL - STRUCTURE ADEQUATE

- SEP LOADS EXCEED DESIGN LOADS BUT SEISMIC

STRESSES LOW

* SUPPRESSION CHAMBER - STRUCT.URE ADEQUATE ASSUMING NO NON-

O DUCTILE FAllVRE MODES

SEISMIC STRESSES GENERALLY LOW COMPARED TO DEADWEIGHT-

AND POOL DYNAMIC LOAD STRESSES WHICH ARE BEING EVALU-

ATED IN A SEPARATE PROGRAM

DETAILS OF TORUS BRACING SYSTEM WERE NOT AVAILABLE-

* VENT STACK - STRUCTURE ADEQUATE

SEP LOADS EXCEED DESIGN LOACS BUT SEISMIC STRESSES-

LOW

O
.
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Sunnary of original load combinations and allowable stress.TABLE 4-4.

Allowable stress
Primary containment (including penetrations)

ASME, Sec. III, Class B, without the usualI
a. D +Pb , ,gd+TC+E increase for seismic loading.8

Same as above, except local yielding is permitted
b. D+P+Rc + 11 + T + E in the area of the jet force where the shell

is backed up by concrete. In areas not backed up
by concrete, primary local manbrane stresses at,

thejetforcedonogexceed0.9xyieldpointof
the material at 300 F.

Primary menbrane stresses, in general, do not
D + P + R + 11 + T + E'9 exceed the yield point of material. If thec.

total stress exceeded yield point, an analysis
was made to detennine that the energy absorption
capacity exceeded the energy input from the
earthquake. The same criteria as in (b), above,

@
-

' are applied to the effect of jet forces for this
loading condition.

Reactor building and all other Class I structures
tionnal allowable code stresses (AISC for structuralThe customaryD+R+E steel, ACI for reinforced concrete).a.
increase design stresses, when earthquake loads are
considered, is not permitted,

Stresses are limited to the minimun yield point as
b. D + R + E' a general case. liowever, in a few cases, stresses

may exceed yield point. In this case, an analysis,
using the limit-design approach, is made to
detennine the energy absorption capacity, which
should exceed the energy input. This method is

discussed in Ref. 9. The resulting distortion is
limited to assure no loss of function and adequate

.

factor of safety against collapse.

._-___ _ ..
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TABLE 4-4. Cont'd.

Primary containnent (including penetrations) Allowable stress

Reactor primary vessel supports
Stresses renain within code allowable levels withouta. D+H+E the usual increase for earthquake loadings (AISC for -

structural steel, ACI for reinforced concrete). .

b. Dt il + R + E Stresses do not exceed:
150% of AISC allowable levels for structural steele
90% of yield stress for reinforcing tarse

e 85% of ultimate stress f or concrete.

c. D + 11 + E ' No functional failure. Usually, stresses do not
exceed the yield point of the material for steel or

$2
the ultimate strength of the concrete. If these

limits are exceeded, energy absorption capacity is
detennined and compared to the energy input fran
the earthquake. The design ensures that energy
absorption capacity exceeds energy input.

Reactor primary vessel internals

a. D+E Stresses that result f ran the maxhnun possible
canbination of loadings encountered in operational
conditions are within the stress criteria of ASME,
Sec. Ill, Class A Vessel.

b. D + E' The secondary and primary plus secondary stresses are
exanined on a rational basis taking into account
elastic and plastic strains. These strains are limited
to preclude f ailure by deformation that would
canprantse any of the engineered safeguards or
prevent safe shutdown of the reactor.

.

s
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TABLE 4-4. Cont'd. ;

Primary containnent (including penetrations) Allowable stress
_

c. P+D Primary stresses are within the stress criteria of
i

ASME, Sec. Ill, Class A. Thy secondary and primary i

plus secondary stresses are exanined on a rational
basis taking into account elastic and plastic ;

strains. These strains are limited to preclude
-

If ailure by defonnation that would compromise any of
the engineered safeguards or prevent safe shutdown
of the reactor.

Energency core cooling systems (ECCS)

a. D + T + 11 + E Stresses remain within code allowable levels.
Conponent Code

Piping ASA B 31.1 (1955) plus code cases.
Pumps ASME, Sec. 111, Class C.

m
N Shell side ASME, Sec. Ill, Class C and TEMA C.

Tube side ASME, Sec. Vill, TEMA C.

b .- 0 + T + 11 + E' Sane as (c) above.

0 = Dead load of structure and equipnent plus any other pennanent loads contributing stress, such as soil or8

hydrostatic loads or operating pressures and live loads expected to be present when the plant is operating.

P = Pressure due to loss-of-coolant accident.
C = Jet force or pressure on structure due to rupture of any one pipe.

.
R

Il = force on structure due to thermal expansion of pipes under operation condition.

"T = Thermal loads on containnent due to loss-of-coolant accident,

fE = Design earthquake load.

9 ' = Maximan earthquake load.E

|
|
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Comparison of original and current structural behavior criteria for determining seismic designTABLE 6-3.
adequacy of passive mechanical and electrical equipment and distribution systems. .

}

Current criteriaOriginal criteria
(0.2 g input)

Component (0.1 g input)

ASME 111 Class 1 (Table F 1322.2.1)S and 1.6 5,S ,jj $ 0.7 S
S

Vessels, pumps o,jj $ 0.33 S and 0.67 5 m u
0.675 and 1.33 S AM HI Gass 2 (NC 3217)u

and valves ASME 111 Class A m,jj $ u y

S, g 5 0.25 5,and 0.63 S, "m,g 5 0.5 S and 1.25 S A M H I G ass 2 (NC 3320
u y

ASME Ill Class C "m,jj $ 0.5 S and 1.25 S ASME 111 Class 3 (ND 3321)
y y

;'

S ASME 111 Class I (Table F 1322.2.1)
S 1 0.3 S, and 0.75 S m,g $ 1.0 5, and 2.0 S,y ASME 111 Class 2 and Class 3 (NC 3611.2)Piping all

831.1 h 3 0.6 S and 1.5 Su j

.

Tanks all 1 0.25 S and 0.63 S
No ASME 111 Class 1

S u y ASME 111 Class 2 and Class .- (NC 3821)
API 620 or API 650 "m,jj 1 0.5 5, and 1.25 Sy

$ Sall f 1.0 SI. Electrical y----------

) equipment

Sall 1 1.0 5,----------Cable trays

for ASME Section 111 plate and shell supports andSall 5 0.7 S or 1.2 Su ySupports for -------- -

Appendix XVII for bolting.
ASME components

!
Sall 1 1.0 S ASME Section 111 and Appendix XVil for boltingyOther supports ----------

.

I
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's TABLE 6-1. Mechanical and electrical components selected by the SSRT for

seismic evaluation and the basis for selection.

p
mJ Item No. Description Reason for selection

Mechanical Comoonents

1 Control rod drive control The supports of this item appear to
units and associated be of relatively low frequency;
hydraulic tubing hence, significant seismic response

is possible. Specific provisions for
carrying seismically induced loads are
not apparent from visual inspection.

2 Shutdown heat exchanger This item is supoorted by two saddles
that do not appear to be seismically
restrained. Concern was expressed
about the saddles ability to carry

J
required seismic loads, particularly

[
in the longitudinal direction,

j ,7 .

'J 3 Isolation condenser This horizontal heat exchanger is
|

supported by three saddles, but the
,

concerns are the same as those
expressed for Item 2.

4 Motor-operated valves A general concern with respect to
motor-operated valves, particularly
for lines 4 in, or less in diameter,

is that the relatively large eccentric

mass of the motor wiil cause excessive
stresses in the attached piping, if
the valves are not externally
supported.

Electrical comoonent

5 Battery rack The battery rack for the 250- and 125-V
,,
' I batteries use wooden cell braces. The

bracing required to develop lateral
, load capacity did not appear

sufficient to carry the seismic load.
m

-
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Mechanical and electrical components selected by the SSRT for
TABLE 6-2.
seismic evaluation based on licensee query, and reasons for selection.

Reason for selection
Item No. Description

| )
Mechanical Comoonents

Pumps supplied to Dresden 2 had
1 Pump--horizontal, high- no specified, well-defined code-

pressure coolant design requirements that included
injection (HPCI) support and anchor-bolt stress

reouirements .
.

Save as Item l. Also, experience
2 Pump--vertical, low- has shown that the suction intakepressure coolant and column support legs of vertical

injection (LPCI) pumps tend to be highly stressed by
seismic loads.

Anchor-bolt system for in-structure
i

3 Licuid control tank flat-bottom tanks that are flexible
may be overstressed if tank and

<

fluid contents were assuned rigid
in the original analysis.

Itens are particularly critical
4 Reactor vessel and to insure reactor coolant system(]) core supports-

integrity.

Item is particularly critical toi

i
5

Recirculation pump insure reactor coolant system
integrity,

d

6 Piping systems:
Typical of large, dynamically

6a Recirculation system analyzed pipe systems in Dresden 2,
and is particularly critical to:

insure reactor coolant system
integrity.

Typical of large, statically-
6b LPCI system pump suction analyzed pipe systems in Dresden 2.

seismic analysis
Typical of small, standard layout

6c Quad Cities typical pipe systems in Dresden 2.
| piping-run test Probe #1

O4

|O '
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Q TABLE 6-2. Cont'd.
;

| Item No. Description Reason for selection

O electricei comoonents
7 Motor control centers-- Typical seismic-qualified electrical

250 V, de equipment.

: 8 440 V, ac Same as Item 7. Also, items were
supplied by a different vendor.

; 9 Switch gear Same as Item 7.

10 Transformer--440 V Same as Item 7.
11 Control room electrical The control panels appear adequately

panels anchored at the base. However, |

there appear to be many components
. cantilevered off of the front panel,'

and the lack of front panel
>

stiffness may permit.significant'

seismic response of the panel,
resulting in high acceleration of
the attached components.

O 12

;

IElectrical cable raceways The cable tray support systems
!did not appear to have positive
i

lateral restraint and load carrying !capacity.
!

; |

i
6.2 SEISMIC INPUT AND ANALYTICAL PROCEDURES

6.2.1 Oriainal Seismic Inout

The seismic design input for mechanical equipment and piping are given in
Sec. 5.6.

. For. electrical components, the static type of analysis was apparently used,
with design acceleration-levels typically limited to 0.2 g.38 For
electrical distribution cable pans, it also appears that a static type of
analysis was considered with design acceleration listed as 0.2 g.39

'O
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- TABLE 7

Ib COMPARISON OF AVAILABLE NUCLEAR STATION EXPERIMENTALLY\"'
MEASURED DAMPING AND REGULATORY

REQUIREMENTS AND RECOMMENDATIONS

) I. Best Estimate or Mean Value Damping Values

i

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Reactor System 3.4 2.0 8.1 2.0 10.0 3.0 3.0 12.7 16.2
-Piping

Mechanical 3.8 3.0 5.7 2.0 6.5 4.0 7.0 7.7 9.1;

Components*

Concrete Struc- 5.2 5.0 7.5 4.0 13.9 7.0 10.0 18.7,25.0
tures

i

Notes:4

Column Headings:
J

j (1) Average of Measured Data for Stress Levels at or less than
0.1 Yield for Components and Piping and 0.25 Yield for.

concrete from Table B.1.-

| (2) Suggested Newmark and Hall Values at Approximately
! 0.5 Yield (Ref. 7).
' (3)(( g Measured Damping values Normalized to 0.5 Yield Stress

/ Using Procedures Shown in Appendix B.

(4) Regulatory Guide 1.61 Values for Stress Levels of
Approximately 0.67 Yield (OBE).

(5) Measured Damping Values Normalized to 0.67 Yield
Stress Using Procedures Shown in Appendix B.

(6) Regulatory Guide 1.61 values for Stress Levels of
Approximately 0.90 Yield (SSE).

.

(7) Suggested Newmark and Hall Values at Approximately
0.9 Yield (Ref. 7).

|
(8) Measured Damping Values Normalized to 0.9 Yield Stress 1

(Faulted: Buildings ; Emergency: Component Supports).

(9) Measured Damping Values Normalized to 1.2 Yield Stress
! (Faulted: Component Supports).

;

; (:) U
.

, .
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TAPLE 6-6.''SSRT conclusions regarding equipment rev ewed for seismic design adequacy of Dresun 2.

~-

.

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

Item Description Conclusion and reconinendation
--

1. Control rod drive units Design adequacy of the tubing and its support system in 0.2 g SSE
and associated hydraulic seismic event should be demonstrated by analysis.
tubing supports

2. Shutdown heat exchanger 0.K.

3. Isolat' condenser 0.K.

4. Motor-operated valves Generic analysis showing motor-operated valves on lines <4 in.
- should be perfonned to show resulting stresses are less than 10% of

Condition B allowable stresses (~1800 psi). Otherwise, stresses
induced by valve eccentricity should be introduced into piping
analysis to verify design adequacy or provide a procedure whereby
all motor valves <4 in, be externally supported.

I S. llorizontal pump (llPCI) 0.K.

6. Vertical pump (LPCI) 0.K. -

7. Liquid control tank 0.K.

8. Reactor vessel and Definitive seismic input to reactor supports is not available.
internal shroud support Available calculations are incomplete but indicate that the reactor

vessel and sh.oud supports are capable of carrying approximately 0.6 9
A more detailed evaluation is reconinended.

9. Recirculation pump A detailed evaluation of the pump and supports is reconinended
to quantify the safety margin.

-_. _-_.

1
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TABLE 6-6. Cont'd.

Item Description Conclusion and recournendation

10. Piping:a 0.K. in general. Ilowever, verification is reconinended to assure
a. Recirculation system seismic support spacings of pipe give fundamental frequencies > 2

times building fundamental frequency for pipe support design usingb. LPCI System, pump
suction the lateral-deflection and force evaluation curves. Otherwise, design

stresses in these supports may not meet current behavior limits.c. Typical piping run
example il

The support or anchorage of electrical equipment including control panels,11. Electrical equipment - instrument racks, switch gear, transformers, motor control centers,general etc., do not appear, in general, to have been engineered. Positive
anchorage of such components appears to have been decided in the field
without any specified material, design, fabrication, or inspection
requirements. Supports or anchorage for electrical components should
undergo a general engineering review to assure design adequacy.

The racks, with the exception of the wooden lateral cell bracing, appearZ 12. Battery racks
* 0.K. Wooden cell braces should be replaced or strengthened to carry

full seismic inertial loads.

13. Instrumentation and 0.K. if existing test results can be said to be applicable to panels and
control room panels instrumentation actually installed in Dresden 2 and modifications

suggested by that report have been made.

0.K. for El. 517.5 ft and below and up to support El. 545 ft if no
14. Motor control centers fundamental cabinet frequencies below 9.0 liz, and if existing test250 V, dc results are applicable to control centers in Dresden 2. No control

centers are located above El. 538 ft.

Seismic design adequacy of steam and feedwater systems has been determined from review of Ref. 18 c'<t 20. |a

|

'
1

I
1
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TABLE 6-6. Cont'd.
-. __

-

Conclusion and reconmendationItem Description

Centers have not been qualified at frequencies below 5 to 7.5 Itz.
15. Motor control centers Additional testing or analysis should be performed to determine

480 V, ac that there are no resonance frequencies below 5 liz. Also, test
results supplied should be specified as being applicable to motor
control centers in Dresden 2.

Test results verifying design adequacy similar to those developed for
16. Switch gear items 12, 13, and 14 will be required.

17. Transfonner 0.K.

The trays or pans themselves are 0.K., but the supports of the trays or
18. Cable trays (pans)

pans, consisting primarily of 0.5-in.-diameter threaded rod, do not
appear to have adequate lateral load capacity. Additional analysis or
test verification is needed to establish lateral load capacity of the
supports seismic design adequacy for the applicable respotise spectra ing Chapter 5.*

_ ---------- --------

!
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SEISMIC CAPACITY OF PIPING

,

DESIGNED TO ANSI B31.1 - 1967

O:

i

Everett Rodabaugh
-

1

June 4, 1980
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SCOPE OF DISCUSSION

I

I

|

|

Piping Made of Ductile Material

i
' l

Examples: A106 Gr.B at 70 7 and up )

i A312 Type 304

.

?

I

Not cast iron
!

O :

Welds i

i

Welds acceptable per ANSI B31.1
)

|
*

,

|

.

I

.

O
,

O .

:

i
"

,

!t
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CAUSES OF PIPING FAILURES

(1) Corrosion / Erosion
Stress Corrosion Cracking

^

(2) Vibration
Mechanically induced, e.g. pipe attached to reciprocating pump
Fluid flow induced; e.g., pressure pulses from pump or turbine

(3) Fluid Flow Hammer ;

Water hammer

Steam hammer

! Slug flow
,

(4) External Damage

Support failure

Truck runs into pipe or support

Excavator hits buried pipe - j
Fire

Landslide ;

|
i

(5) Thermal Fatigue

(6) Fatigue due to restraint of thermal expansion

(7) Earthquake

,

|

|

O

O
.

._ _ _ . . , _ . . . . . ..
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ANSI B31.1-1967 ALLOWABLE STRESS, S

h

i

A106 Grade B Carbon Steel (No Change in 1973, 1977)

Temp, S S S
h h

Psi S S,y

.

100 15,000 0.429 0.250
,

200 0.470

400 0.500

f 0.554 U550 '

*
,

|

l

|

,

O A312 Type 304 Austenitic Stainless Steel.

Temp, S, S Si '
3 h h

i psi S S,y

100 18,750 0.625 0.250
|

200 16,550 0.662 0.233

400 14,950 0.722 0.232

550 14,450 0.769 0.228

i

i
S = minimum expected yield strengthy

S, = minimum expected ultimate strength

O
.

f''""*'_* *[ ,*I..'.,__ _ , - - _ , _ , *" ._ ., , , _ . , . . .,y
*

-_,
- ,
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O s = 1GHr errz. SurroReto So Tuir
WEIGHT STRESS = 1500 psi

7 X X X

Seismic Margir. on Limit Moment
g-load SA 106 Grade B SA 312 Type 304

0 3.03 2.08
,

1 2.76 1.93
2 2.53 1.79
3 2.33 1.68
4 2.17 1.58

Limit Moment is the highest moment the pipe can withstand with a s=all
amount of plastic deformation.

First mode frequency of pipe supported to restrict weight. stress to j

1500 psi is in the range of 9 to 13 Hz. '

|

O
i

O
.

w *
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| 200 kg

O ( *eisnt'

-

[ Test elbow,
y

Vibration normalsee Fig.12e a
1000 to plane of paper

at 2.8 Hertzg

( 9 9<,,,

+ +
: 600- rh 600 !

'

1500 r"

.

c. Model I (3 units tested)-

.

Dimensions in millimeters.

.

4 Vibration atg n

O 3.6 Hertz
2OO kg

- 1500 - 500 weight

( "
v 9

* \
Test elbow,/

,,

see Fig.12

~ 600 : : 1000 r

.

b. Model 2 ( 2 units tested)

SCllEMATIC OF REF. (24) VIBRATION INDUCED
LOADING TESTS ON ELBOWS

-

.

O |
|

.

---- - - - -- - - - . . . ._ _ _ _y - , , , , .
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SUMMARY,0F FATIGUE TEST RESULTS, REF (24)

FailureRef. Moment Type of y es
PD

"- (+) "o eae E ta tocacioa aa zxceaeO
Failure (*) (b)in-lb ksi

39900 ],
S J

_M 0 157(24)1 = 5.5 +
y

53100

S

(24)2 = 7.3 _M,+ 19.8 140

|56700
'

S
a

(24)3 -- = 7. 9 +M 18.9 108 ;

S Yh
|-

O 43800

S /7a
(24)4 = 6.1 +M 16.5 231 /

S -*h L.d

45000

/[S

(24)5 2 = 6.2 +M 17.3 340
IS -*

h U

l (a) Fai1ure was defined as a crack thru-the-wall as evidenced by leakage.
"

(b) See Figure 12 for elbow dimensions. Elbows were made of' stainless steel

like SA312 TP304

D 89.1 mm outside diameter=

t= 3.0 mm wall chickness

R = 114.3 mm bend radius

!O S = 1 (Mm - ^"S1831.1 ca1c=1ated -ress -Putmaea
,

i
-

|

|

|
:

.
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O rir cuz tzsrs. Tretci' ct tu surr wztos

lhterial Test s' S /S N P,r r h g
Temp, F kai psi

A106-3 100 44 2.9 400,000 0
;

100 60 4.0 50,000 0

'

100 90 6.0 3,000 0

550 58 3.9 36,000 0

0 55' 102 6.8 7,500 2200

304 550 64 4.4 14,900 0

550 94 6.5 2,900 0

U 550 96 6.6 7,700 1050

S, = nominal (M/Z) stress range corresponding to applied'

,

displacement

S = ANSI B31.1 allowable stressh

N = cycles-to-failure (thru-wall crack, leak)g

P = static internal pressure

,

O
.

s
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FATIGUE TESTS, ELBOWS & TEES

!
I

Fitting Material Test S S /8 N P-
r r h g

Temp., F ksi

6
Elbow A106-B 100 30 2.0 10 0

100 77 5.1 20,000 0

100 250 17.1 300 0

6

550 128 8.5 26,000 0

Y 100 126 8.4 6,800 1050

i .

*

' 304 100 100 5.3 4,500 0

550 125 8.6 1,900 0

" U 100 131 7.0 910 1050

Tee A106-B 100 28 1.9 500,000 0

" 100 145 9.7 900 0

9 304 100 116 6.2 4,600 0

S = stress range, = iM/Z , 1 = stress intensification factor
b

S = ANSI B31.1 allowable stress
h

N = cycles-to-failure (through-wall crack, leak)
g

P = static internal pressure

O

O
.

A
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SUMMARY . . - . -. . . ,

.

'

.

e Piping made of ductile materials apparently was not !-

I

damaged in severe earthquakes. i

1

e ANSI B31.1 - 1967 stress limits, in conjunction with

normal piping practice of support spacings, provides

O hish ass raece that sech givina wi11 net de damased.

| by earthquakes.

Experimental data shows the high strength of pipingo,

,

'

components, relative to allowab1e stresses in

ANSI B31.1 - 1967.

O

O
.

.
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O
CHECKS ON EXISTING PLANTS

WITH PIPING TO ANSI B31.1 - 1967

Review existing " floor response spectra"e.

for Fuidance.

e C.::.k adequacy of existing supports. In a few
*

cases, it may be an appropriate precautionary

measure to provide supplemental supporting;

s e.g., where present supports do not sufficiently

restrict lateral or upward movement.
;

1

1
i

'k

-

1

O
.
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BACKGROUf!D

DEVELOPED AS RESULT OF DISCUSSIONS CONCERNING FAILURE OF'

NON-SEISMIC CATEGORY I PIPING AT 11/5/79 Tfil-2 ACCIDENT
IMPLICATIONS ACRS SUBCOMMITTEE MEETING

PROGRAM CONSIDERS SEISMICALLY-INDUCED INTERACTIONS BETWEEN
'

NON-SEISMICALLY-QUALIFIED EQUIPMENT AND SAFETY-RELATED

i EQUIPMENT

REQUIREMENT DOCUMENTED IN TASK ll.C.3 0F NUREG-0550
'

()
;

*

1

4

il

. O
:

|

. _ . . _ _- . ._ . . _ _ ~ _ _ _ _ . - _ . .
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O
PROGRAM

.

INITIAL OFFICE ACTIVITIES - IDENTIFICATION OF TARGET EQUIPMENT,'

IDENTIFICATION ACCORDING TO LOCATION IN EXISTING FIRE ZONES,

PREPARATION OF DETAILED CRITERIA

,

FIELD WALKDOWN ACTIVITIES - CONFIRMING WALKDOWN, INTERACTION'

WALKDOWN, INTERCOMPARTMENTAL WALKDOWN

TECHNICAL EVALUATION - 0F UNACCEPTABLE CONDITIONS IDENTIFIED
'

DURING FIELD WALKDOWN

MODIFICATIONS - AS REQUIRED AS RESULT OF TECHNICAL EVALUATION
'

INDEPENDENT AUDIT - PROGRAM AUDIT TO BE PERFORMED BY PGSE'S
'

[]} ObALITY ASSURANCE DEPARTMENT
.

INDEPENDENT REVIEW 3'0ARD - INDEPENDENT OF PGaE, WILL MONITOR'

PROGRAM AND REPORT FINDINGS TO MANAGER, I!UCLEAR PROJECTS

.

,

-t - - -w-
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SIB REVIElf:
;

INTERDISCIPLINARY REVIEW IEAM - SEVERAL MEMBERS OF SIB,'

MEMBERS OF IIE3, CONSULTANT

,

IN-HOUSE REVIEW - ORGANIZATION, METHODOLOGY, CRITERIA,'

DOCUMENTATION AS DESCRIBED IN PG&E'S SUBMITTALS |

ONSITE AUDIT - DOCUMENTATION, RECORDS, WALKDOWN ACTIVITIES, t'

INDEPENDENT AUDIT
i

O

1

1

i
I

!

,

!
,

!

O

O

.
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! SCHEDULE
'

)

: PG&E SuBMITTALS - MAY 7,1980 AND MAY 27, 1980'

:

Sif. ONSITE AUDIT - JUNE 17-19, 1980'

4

SEi SUPPLEMENT - EARLY AucusT 1980
'

; ,

! i

! ACRS SUBCOMMITTEE MEETING - MID TO LATE AueusT 1930 !
'

| Oi ACRS MEETING - SEPTEMBER 1980
'

i

!
,

I

;

,
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i

i
'I

: O.
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SLIDE 2
'

..

i~ I'L < , -

.

BACKGROUND OF RilR POSITION

'

1. JOINT POSITION - DTR/DPli - FEBRUARY 19711 -

2. APPEALS BY WESTIllGil0VSE & GENERAL ELECTRIC & . STAFF REEVALUATI0tl
. .

3. STAFF POSITI0l1 TO WESTINGil0USE AND GEllERAL ELECTRIC - fl0VEMBER 1975
+

* '

l. RRRC APPROVAL OF BTP RSB 5-1 - JUNE 1976
'

i

5. lESTINGil00SE PRESENTATI0tl At'D STAFF EVALUATI0ll .

~

6. RRhC APPROVAL OF REVISED BTP RSB 5-1 - JANUARY 1978.

7. ACRS [1EETIllG ON REG. GUIDE 1.139 - liARCil 1978
:

8. REG. GUIDE 1.139 ISSUED FOR PUBLIC COMMEilT - f1AY 1978;

9 PRESENTATIONTOACRSINFEB.1979

10. TMI-2 - m RCil 1979 |'
,

11. REVISION TO R. G.1.139 TO REFLECT TMI-2 - 1979
' ' " ' '

12. PRESENTATION OF REVISED R.G.1.139 TO ACRS IN APRIL 1980

13. REVISED R.G.1.139 ISSLED FOR HELIC C0ltENT BY JULY 1980
-

.

*
g I

O

i: .t
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,

DESIGN REQUIREllE|lTS OF BTP RSB 5-1 FOR NEW PLANTS1

j; I.
FUilCTIONAL REQUIREMENT FOR TAKING TO COLD SHUTDOWil

O '

CABABILITYUSINGOilLY' SAFETY-GRADES? STEMS
'..

B. , CAPABILITY WITH EITHER ONLY ONSITE OR ONLY OFFSITE
.

:

i -

C~ POWER AND WITH SINGLE FAILURE (LIMITED ACTION
OUTSIDE CR TO HEET SF).

'

-

C.
REASONABLE TIME FOR C00LDOWN ASSUMING MOST LIMITING SF

.
AND ONLY OFFSITE OR ONLY ONSITE POWER..

.

II. RHR ISOLATION,

: -

.-
III. RHR PRESSURE RELIEF

,

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

. . . - . . . . . .

IV._fuMP~PR.0TECTION
- . . . -

_

_ - - - - = . - - = = --.

V. TESTREQUIRE! LENT -

'
A. FOR PWR'S, ' TEST PLUS AllALYSIS f0 C0i! FIRM 'I -

O ADEQUhTE MIXING AllD C00LD3 UNDER
-

'
'

.. - NATUR5L CIRCULATION. -.

-

'
'

*
-- -

.
.

. . . . .- _
. ~

f VI .- OPERATIONAL PROCEDURE - -

'

.
. A. MEET R.G. 1.33. FOR PWR'S, INCLUDE SPECIFIC PROCEDURES

AllD INFORMATION FOR C00LDOWN UNDER NATURAL.

CIRCULATION.
' '.~ -
.

VII. AUXILIARY FEEDWATER SUPPLY
_

A.

C SEISMIC CATEGORY I SUPPLY FOR AUXILIARY FW FOR AT LEAST'

4 HOURS AT HOT SHUTDOWil PLUS C00LDOWi! TO RilR CUT-IN
BASED ON. LONGEST TIME FOR OilLY ONSITF OR ONLY

O
0FFSITE POWER a ASSUMED SINGLE FAILURE.

!
-

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

' , -.
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SLIDE 10C
-

,
,

.

!

'

PROCESSES Ill G0IllG FROM ll0T STAtlDBYST0 COLD SiluTDOW!l, ,
-

.

.

1,, CIRCULATIONOFREACTORCOOLANT
. -

2. DEPRESSURIZATIObDURINGC00LDOWN
'

0

j 3, B0 RATION DURING C00LDOWN
,

-
.

'
11 , llEAT REMOVAL DURING C00LDOWN

.

1

i

*
.

,

;
- - -

. .

.

l .

*
.

,

.

8 O
9g

*
. *
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SLIDE 11

LIRCULATION OF REACTOR COOLANT DURING SilVTD0HH. - i
-

'

A. REASONS FOR FUNCTION
.

.,
_

.
.

1. MIXING
.

2. UNIFORM COOLING OF LOOPS
'

.,
.

3. REDUCE VESSEL STRESS

'.B. ACllItVEMENTOFFUNCTION
'

i .-
..

I 1.' 0FFSITE POWER RCS PUMPS |
--

,
, .

2 LOSS OF 0FFSITE POWER 2f flATURAL CIRCULATION

j C.
}C00LDOWNUNDERNATURALCIRCULATION

, ,

! 1. FACTORS AFFECTIllG FLOW RATE

2'' flATURAL CIRCULATI0tl TESTS -

.

I 3. NATURAL CIRCULATI0tl AND MIXIllG,

f t',' NATURAL CIRCULATI0tl AND COOLING--VESSEL STRESSES
"

5. NATURAL CIRCULATION AND RilR OPERATION l'
I

D. EFFECTS OF SEISMIC EVENTS LOOP -- DUMP VALVE CONTROL
--

i
E. EFFECTS OFsSINGLE FAILURE -- DUMP VALVE -- MECbANICAL FAILUREi

i

=
, .

,

-| .
.

'
-
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SLIDE 12
.

,

.

'

DEPRESSURIZATION DURIllG C00LDOWil
.

. -

A. REASONS FOR FUNCTI0fl -- 2250 PSIA TO L100 PSIA .

--:

'

; B. ACllIEVEMENT OF FUNCTI0il _ _ ' _ . _ . . . . _ . . .' ._

1, 0FFSITE POWER --

NORi1AL PRESSURIZER' SPRAY i

2. LOSS OF 0FFSITE POWER --

AUXILIARY PRESSURIZER SPRAY -

.

| C. DEPRESSURIZATION WITil NATURAL CIRCULATION (AUXILIARY SPRAY)
I b. -

{ ,'' EFFECT OF SEISMIC EVEllT (INSTRUMENT AIR AND AUXILIARY SPRAY)D.
,

i

E. EFFECT OF SINGLE FAILURE (LINE' BLOCKAGE OR DIVERSION OF AUXILIARY SPRAYb
'

-

F. ALTERNATE METil0DS
-

.,

1. PRESSURIZER LEVEL .

2. POWER-0PERATED PRESSURIZER RELIEF VALVES
'

, - -

3. Il0RMAL llEAT LOSS?
,

:
. .

;
-

..
..

7 i

*
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-

\. .
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SLIDE 13
-

.
.

BORATION DURING C00LDOWN

. .

i A. REASON FOR FUNCTION E0L -- 0 T0 lil00 PPM BOR0ll '--

:
~

B. ACillEVEMENT OF FUNCTION .

1. OFFSITE POWER
'

!
.

'

2. LOSS OF 0FFSITE POWER
'' ' '

.

i . .

| C. B0RATIONUNDERNATURALCIRCULATION

| {| f11XING PROBLEM

2. TEST REQUIREMENT
'

, , ,,

'

D. EFFECT OF SEISMIC EVEllT
'

l'| LOSSOFINSTRUMEllTAIR(LETDOWN'!CilARGING')MEASUREMEllT)

'2. Il0NSEISillC. EQUIPMENT
-

.

3'| ATt10SPilERIC DUMP VALVES '

'-
, ..

1 E. EFFECTSOFSINGLEFAILURE(LETDOWN'lCilARGING)
-

-

,
,

! F. ALTERilATE 11ETil0DS
,

' '

PRESSURIZER LEVEL -- CONTRACTION
'

' " ' . '1. NO LETDOWN
'. --

i .
.

I
s. .

4,-
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SUDE 14 1

IIEAT REMOVAL DURING C00LDOWN
'

'.
.

.

*
/

A. REASON FOR FUNCTION
'

,

1. DECAYllEAT
.

-
.

i -
. *
'

2. SENSIBLEllEAT . .

'

: -
.

.'

;.
.

-

.

R. ACIIIEVEMEllT OF FUNCTION
.

-.

,

'' ' 1. WITil 0FFSITE POWER
--

! . ,

*

.

; 2. LOSS OF 0FFSITE POWER

C. IIEAT REMOVAL UNDER NATURAL CIRCULATION
~

, -
. .. -, . . . .

,

1. STEAM DUMP VALVE CAPACITY AND RllR CUT-IN T
.

I
? *

'

2. AUXILIARY FEEDWATER SUPPLY REQUIREMENTS
'

.
.

f

'. . . ,.

* .
, ,

*

:, .
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SLIDE 3
"

,

PLANT CLASS
-

IMPLEMENT 4 TION
-

,

. .

1 -

ALL PLANTS (CUSTOM OR STAfIDARD) FOR WHICll CP OR PDA
'

APPLICATI0tlS ARE DOCKETED ON OR AFTER JANU RY 1, 1978. FULL
;.

.

2 - ALL PLANTS (CUSTOM OR STAllDAliD) FOR WillCH CP OR PDA
APPLICATIONSAREDOCKETEDBEFOREJAfidARY1,1978AND

FOR UllICil AN OL ISSUANCE IS EXPECTED Oil OR AFTER PARTIAL AS PER
-

,

" JANUARY 1,1979. TABLE 2
'

.

! 3 -

ALL OPERATING REACTORS AND ALL 0 tiler PLAtlTS (CUST0ft :,

'

OR STANDARD) FOR WilICll ISSUAllCE OF Tile OL IS EXPECTED TO BE DETERMINED: .

'
BEFORE JANUARY 1, 1979. BY IE/ DOR REVIEll

~

-
. . ,

,

.

I e

, . . ,

. - 9,

8 9 9

*5
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~

PARTIAL COMPLIAllCE lllTil BTP RSB:5-1 FOR PWR CLASS 2 PlNITS

A. FUNCTI0tlAL REf 'iREMEllTS .

1. SIllGLE DROP LINE FR0f! RilR COMPLIANCEWILL(10TBE[(EQUIREDIFITCAllBE

Sil0Wil TilAT CORRECTI0fl FOR SINGLE FAILURE BY .
,

(1ANUAL ACTIONS IllSIDE OR OUTSIDE OF CONTAINMENT
l' .

OR RETURN T0 ll0T STAtIDBY UNTIL (1ANUAL ACTIONS
i

-

! ,
(0R REPAIRS) ARE FOUllD TO BE ACCEPTABLE FOR

! Tile IllDIVIDUAL PLANT'| "- -

L -
'

2. PORTI0tlS OF SYSTEt1S INVOLVED COMPLIANCE 11ILL tl0T BE. REQUIRED IF .(A) DEPENDEllCE
.

-

,

"
Ill DEPRESSURIZATION AND B0RATI0fl Oil MNIUAL ACTI0tlS IllSIDE CONTAINMEllT AFTER SSE

OR SIllGLE FAILURE OR (B) REMAlllING AT ll0T.

STANDBY UNTIL [1ANUAL ACTI0llS OR REPAIRS ARE
'
t

COMPLETE ARE FOUllD TO BE ACCEPTABLE FOR Tile
-

'

,

' '

INDIVIDUAL.PLNIT| .

.
,

i 3. STEAM DUMP VALVES (IllVOLVED Ifl
SEE SLIDE 17

i ilEAT REMOVAL AtID RCS CIRCULATI0ti)
-

, ,

''

li . TIME FOR C00LD0'clti 36.Il0VRS TO RilR CUT-IN P0lflT
,

. .

.

_ _ . _ _ . _ _ _ _ _ _ . _ _ . _ . _ _
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BEVIEW 0F AUXILIARY FEEDWATER SYSTEMS
NOT DESIGNED TO SEISMIC CATEGORY I

.

STATEMENT OF CONCERN.

SCOPE OF REVIEW,

REVIEW APPROACHi .

REVIEW STEPS,

,

PLANT APPLICATION.

.

EXPECTED ~RESULTS.

. .
,

. 8

!

l

\
:

_ _ _ __
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STATFMENT OF CONCERN

IN MANY PLANTS THE AUXILIARY FEEDWATER SYSTEM WAS NOT DESIGNED TO SEISMIC

CATEGORY I CRITERIA (REGULATORY GUIDE 3.29).

Tile SAFETY IMPLICATION OF THIS FACT NEEDS TO BE REVIEWED AND APPROPRIATE

LICENSING ACTIONS NEED TO BE FORMULATED.

.

''

..

.

I *

|
-

,

_ . _ . _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _
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:

SCOPE OF REVIEW

1. IDENTIFY THOSE PWR PLANTS AND THOSE SPECIFIC PIECES OF EQUIPMENT IN

THE AUXILIARY FEEDWATER SYSTEM WHICH WERE NOT DESIGNED TO SEISMIC

CATEGORY I CRITERIA.
.

2. EVALUATE THE IMPORTANCE TO SAFETY.
'

3. RECOMMEND APPROPRIATE LICENSING ACTION.
.

t e

e

9

i

e
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BEVIEW APPROACH

. RISK ANALYSIS BASED ON " SEPARATED SEISMIC SAFETY ANALYSIS" (T0 ESTIMATE
THE PROBABILITY OF A CORE MELT AND AN EARLY FAILURE OF CONTAINMENT)

'

TWO STEP PROCESS IN WHICH THE.

PRORARILITY OF A GIVEN VALUE OF GENERAL ACCFIERATION (c)
IS COMBINED WITH THE

PROBABILITY OF A SYSTEM FAILURE AT THAT VALUE OF GROUND
ACCELERATION (c)

TO DETERMINE THE TOTAL PROBABILITY OF A SYSTEM FAILURE AS A RESULT OF
A SEISMIC EVENT.

''

..

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

REVIEW STEPS

1. DETERMINE APPROPRIATE GROUPINGS OF PLANTS BY AUXILIARY FEEDWATER

SYSTEM DESIGN.
^

2. DEFINE LEVEL OF DETAIL FOR DESCRIPTION OF THE AUXILIARY FEEDWATER

SYSTEM (SYSTEM LEVEL OR COMPARTMENT LEVEL)

3. DETERMINE THE PROBABILITY OF A GIVEN GROUND ACCELERATION (a) AS A

FUNCTION OF (c)

11 . DETEFMINE Ti1E APPROPRIATE METHOD OF TREATING SYSTEM REDUNDANCY

5. DEFINE THE " SAFETY FACTORS" TO BE USED TO DESCRIBE EACH COMPONENT OR

SYSTEM

6. CONSTRUCT AN AUXILIARY FEEDWATER SYSTEM FAULT TREE FOR EACH PLANT ,

'

OR FOR GROUPS OF PLANTS _

'..

*p

_ _ _ _ _ _ _ _ _ . _ _ _ - _ _ . _ - _ _ _ _ _ _ _ _ _ - _ - _ _ _ - _ - _ _ _ _ _ _ - - _ _ _ _ - . _ _ ~ _ _ - - _ _ _ _ _ . _
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|

7. ADD APPROPRIATE ALTERNATIVE DECAY HEAT REMOVAL PATHS TO THE FAULT TREE

8. PERFORM THE RISK ANALYSIS FOR EACH PLANT OR GROUP 0F PLANTS

9. DEFINE CRITERIA FOR: SHORT TERM ACTIONS: LONG TERM (TWO TO THREE

YEARS) STUDY AND LONG TERM ACCEPTABILITY

10. HAVE EACH UTILITY VERIFY THE ACCURACY OF THE DESIGN INFORMATION AND

THE APPROPRIATENESS OF THE PLANT GROUPINGS
'

PROBABILITY OF A GIVEN GROUND ACCELERATION (c) AS A FUNCTION OF (c)..

i

| AVAILABLE INFORMATION:

COULTER (1973) (USED IN WASil-1400).

ALGEMISSER (1969).

, ,

HSIEll, OKRENT, APOSTOLAKIS (1975)

| 6:

!

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - . _ .. . . - - .
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. PROBABILITY OF A SYSTEM OR COMPONENT FAILURE AS A FUNCTION OF GROUND

ACCELERATION
P

AVAIL ABI E INFORMATION:

NEWMARK (1975) llSED IN WASil-L400.

CORNF_LL AND NEWMARK (1978).

HSIEH AND OKRENT (1976) (UCLA-ENG-76113).

NRC STAFF - ENGINEERING BRANCHES AND SEP.

NRC CONTRACTORS (BNL),

DIABLO CANYON STUDIES (PGRE).

'.

''

..

,

. _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ . _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . _ . _ _ - - - - . _ - - - - - - - _ - .
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MEMORANDUM FOR: Malcolm L. Ernst

Assistant Director for Technology

FROM: Roger J. Mattson -

Director, Division of Safety Technology

SUBJECT: SEISMIC QUALIFICATION OF PWR AUXILIARY FEEDWATER SYSTEMS

Background

In the past year, several reviews of auxiliary feedwater systems (AFWS)
have been conducted. All of them were stimulated, at least in part, by
the TMI accident. The most important of those reviews was the analysis
of AFWS reliability for operating plants with reactors supplied by
Westinghouse or Combustion Engineering. It was performed by PAS last
summer and a number of equipment backfit requirements for AFWS were
subsequently issued by NRR. Comparable work is now in progress by
operating B&W reactor licensees and near term OL applicants (see TMI

Q Action Plan, Item II.E.1.1).

In the course of these AFWS reviews it has been generally understood
that some of the systems meet the standard Review Plan (SRP) criteria
(i.e., the AFWS is safety grade) and some do not (i.e., those AFWS
designed and approved before issuance of the SRP or the development
of the criteria it contains). With the completion of the reliability
analyses and associated backfitting, all AFWS will be of demonstratable
reliability and comparable capability, but not all AFWS will necessarily
be " safety grade," and, more importantly, not all will be designed to
seismic category 1, as currently required by the SRP.

The lack of seismic qualification for auxiliary feedwater systems has
been of concern for some months (e.g., see enclosed memo of
November 27, 1979 from Mattson to Ross on the ACRS concern with seismic
qualification of AFWS and subsequent memo from Ross to ACRS (0krent) on
December 28,1979). Our response to this concern, at least up to now,
has been that those PWRs that have AFWS without seismic qualifications
generally have alternative methods of decay heat removal that are
seismically qualified (e.g. high pressure ECCS). This has led to a
secondary concern for the veracity of these alternative decay heat

Co removal t.echniques; e.g., would feed and bleed cooling of the core work
and for how long, and were operators trained and otherwise prepared to
use it?

3(a

m
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Following this line of logic, the staff and ACRS began discussions
earlier this year of feed and bleed cooling capability for PWRs.
Subsequently, the ACRS, in commenting on the TMI Action Plan, noted

O in effect that the staff's approach to decay heat removal reliability
The Action Plan steering group agreed and within the ;was piecemeal.

past month broadened item II.E.3.3 in the plan (NUREG-0660) to provide
a more general approach to the problem.:

.

About the same time, the staff task force on the transient response of
B&W plants finished its report (NUREG-0667). It contained four specific
recommendations on AFWS design. It also con'tained a recommendation to
study further the need for seismic qualifications of AFWS.

.

Also about the same time, the director of AE00 expressed concern with
the general question of decay heat removal . reliability (see enclosed
memo of April 24, 1980 from Michelson to Mattson). The AE0D concern
also brings into this general area of uncertainty 'the proposed
regulatory guide 1.139. Mr. Michelson has also pointed out in a.
personal communication that the general concern. is not just reliability
and capability of cold shut down heat removal, but also hot shutdown .

and other intermediate decay heat removal states.

O The Problem

Action Items II.E.3.2 and II.E.3.3 of NUREG-0660 are probably sufficient
to treat the overall concern with reliability of the decay heat removal
capability for PWRs, with the exception of the seismic qualification
question. That is, these actions will not specifically answer the
question of whether the decay heat removal capability in some operating
plants, approximately 10 in number, is of sufficient seismic capability.

Assignment

hStudythelogicandrationaleoftheactionsplannedforaddressing.
AFWS and decay heat removal reliability in general (TMI Action Plan).
Develop a specific rationale and approach for dealing ~with the questi'ons

of AFWS seismic qualifications.4For those plants that do not have an
AFWS designed to seismic Category I requirements,. develop guidance to
the Division of Licensing'(00L).so they.can make a decision whether or
not there is a basis for continu'ed operation ~for the two to three year
period that will be required to study all of the decay heat removal
''t'r"*tives in acc rdance with Task Action Plan II.E.3.3.O .

: O
,

- - . . -- --. - .__ - - ,
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a.
~ The guidance should emphasize the infcrmation r.: l;f t: md: a jud rent ,

on safety, but it should include consideration of the question of
conformance to the applicable Commission regulation, e.g. GDC 2 and 34.

Q The guidance should include evaluation of other systems that can remove
decay heat. If such systems exist and are seismic C6tegory I in design,
and if the use of the system does not introduce other safety problems 2

!(e.g. vessel integrity with bleed and feed), this ...ight be judged to a

!be sufficient decay heat removal capability.' .

For plants without an alternate seismic Category I decay heat removal
system, the guidance should identify the information needed to make j

a sound judgment (possibly supported by probabilistic analyses) c'
'

n

the basis for continued operation.
_ ,

Comments on the overall approach in the Action Plan.and a recommendation
'

for NRR action on the specific problem of seismic qualifications of
AFWS should be provided by. DST to the. Director of NRR in sufficient
time for his input to be. factored in.and a report made to the Commission -

(Information Paper) ,by June 15, 1980. '

!
'

Imput.to accomplish this assignment should be sought from SEP branch
in Division of Licensing and fran the Divisior.s of Engineering and

|Systems Integration.

The Division of Systems Integration has identified 10 operating PWRs
that do not have AFWS with seismic qualification. The exact numoer of
plants should be confirmed. The enclosed memorandum from the director
of DSI shows the results of preliminary studies to confirm that all of l
these plants have alternative methods of varying capacity and qualifica-
tions for removing decay heat in the event of loss of all feedwater.

j_ .

Rog ttson, Director |

Division f Safety Technology

Enclosures:
1. Memo RJMattson to DFRoss

dtd 11/27/79
2. Memo DFRoss to D0krent

dtd 12/28/79
3. Memo CMichelson to RJMattson

dtd 4/24/80
4. Memo Dross to RMattson%

dtd 5/12/80 w/ Attach 5 only

cc: H. Denton S. Hanauer

O E. Case C. Michelson
D. Eisenhut R. Fraley
R. Vollmer R. Baer
D. Ross,

.

-
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PIM0RANDUM FOR: Denwood F. Ross
. Bulletins and Orders Task Force *

'

FROM:. Roger J. Hattson, Director
. Division of Systems Safety

SUBJECT: ACRS QUESTIONSj -

.. ,.
,

,

/

I was asked two questions at the Nove:nber 5 THI-2 I'mplications Subcomiittee
'

c:eeting that require written response to Dr. Okrent. They were:

, 1. Why does NRC not require automatic closing of the block
valve upstream of the PORY on U.S. PWRs, like the FRG design?

,

2. What is the staff decision and basis for seismic qualification
of AFW water sourc,e7 ,

' -
1

I think the Bulletins and Orders Task Force addressed these two issues,
at least indirectly, but I don't know of the outcome, if any. Please
advise whether your folks can get an answer off to Dr. Okrent or
whether I should assign the work within DSS.,

-
.

'
, . . -

'

Originalsigned by
~

~

*

Roger J. W.attson.

Roger J. Hatt';on, Director. *
. -

' Division of Systems Safety -

, ,
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MEMORANDUM FOR: D. Okrent

D. F. Ross, Jr., Acting Director, Division of Project
FROM:

Management

SUBJECT: TMI-2 IMPLICATIONS
* *

- ' ' - ~

Enclosed are responses to two questions you raised during the TMI-2

Subcommittee meeting on November 5, 1979. These answers cover the

extent to which the staff has considered these issues at this time.

O gWW'

D. oss, Jr., Acting Director
Division of Project Management
Office of Nuclear Reactor Regulation*

> .

Enclosure:
_.

-

Responses to Questions

cc: R. Mattson |
D. Crutchfield
T. Nnvak

6 . Tatthews T
G. Mazetis
S. Israel

.

9

-

Contact: sandy Israel, NRR
49-27591

O -

_ _ . -
- : "" P
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NRC Staff Res.; ara.es

. O - i

ij 1. . Why does NRC not require automatic, closing of the block valve upstream -
g + of the PORV on U.S PWRs, like the FRG design? ;

'O :
-

Response

'

The automatic closing o,f the block valve was considered by the Bulletins and
Orders Task Force and was included in the generic PWR reports which are to be
issued. The staff recommends that, in order to improve PORV reliability,
licensees should design and install a control system which provides interaction

,

between the PORV and block valve to prevent a small break LOCA in the event of

a failure of a PORV to close. One such design would cause the block valve to
close after the PORV opens on high pressure, and subsequently, the reactor
coolant system pressure decays below the PORY reset pressure. This system
would be provided with an override so that pressure relief could be accommcdated
at lower pressures, if required. We believe that the implementation of this
system must be carefully evaluated to ensure that failure of this system would
not decrease overall safety by intensifying plant transients and accidents.

2. What is the s'taff decision and basis for seismic qualification of AFW
water source? -

..|
Response - l

For the reliability review of the AFW systems of W and C-E operating plants,
_

performed by Bulletins and Orders Task Force, the review teams used the

criterion that the AFW system should have a seismic Category I water source'
or a water source with seismic design equivalent to the seismic design of the
plant auxiliary feedwater system accepted at the time of licensing the pl' ant.
Basically, this decision assured that the water source has siismic-capability

Q at least as good as the rest of the AFW system. Most of the plants reviewed
except for some SEP plants have AFW systems and associated water sources which

have capability to withstand a seismic event ranging in intensity from seismic

O Categ ry I to the seismic intensity required at the time f licensing the plant.
For the SEP plants, the seismic design requirements of AFW' system, includi5g the*-

water sources will be reevaluated as part of SEP reevaluation of the plant seismic
'

j requirements. - '' ' "^

| -

|
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As nou : ir. :3.EC-0560, scicral of the operating ED| Plant's do not have a
seismically valified AfW t.ete source. The s'taff has not' reached a decision

'

i on whether to' upgrade these plants; however, the affected plants have an
alternate means'of-removing decay heht withoutirelying on AFW. B&W submitted i

analyses of small break LOCAs in May 1979 which showed that adequate core
cooling could be obtained with only the HPI pumps (shutoff pressure >2500 psi)

% s.
operatino in the event of total loss of feedwater. The operator would have , h ,(<

L

20 minutes to initiate this alternate cooling mode. Emergency operating -

.

proceduresattheB&Whlantshavebeenmodifiedtodirecttheoperatorto
use HPI if the normal heat sink is unavailable.

For plants under construction, we require.a seismic Category I water source in
,

accordance with Standard Review Plan Section 10.4.9.

The following are specific bases for this decision:
~ ~ - ~

1. General Design Criterion 2 requires that " structures, systems and, .

components important to safety shall be designed to withstand the

O effects of netura, phenomena such as eerthquekes..." and furtter
that "the design bases for these structures, systems and components
shall reflect...(2) appropriate combinations of the effects of normal
and a'ccident conditions with the effects of natural, phenomena, and
(3) the importance of the safety functions to be performed."

.- .

Since a seismic event of any significance would likely result in a loss
of offsite power and a loss of main feed flow, the auxiliary feedwater
system would be necessary te re.nove decay heat from the reactor. If

there were no qualified source of water for the auxiliary feedwater
,

i system, the system could not function as designed to remove decay heat.
~

^''~

Therefore, it follows that a seismically qualified source of water
must be available since the AFW system would be the only system available

' g for decay heat removal at operating temperatures and pressures.
'

.

2. Standard Review Plan 10.4.9 refers to GDC 2 Regulatory Guide 1.29 and '

g states that, "In conjunction with a seismic Category I water source, the

AFW system functions as an, emergency system for the removayf heat from.;
'

e .
,n .w .,. . .. . a ,

,

'
. ..
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| t'.c primary system wheh the main feedwater system is not c.vailable for
! e: ergency condi tions. . . ." Since the main feedwater systens would not be .

I. available following any-significant seismic event,:it follows that a i !~

i

b
|

,
l dseismically ' qualified AFW system and water source must be available.'
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9 Division of Systems Safety j ;

FROM: Carl Michelson, Director
.

Jffice for Analysis and Evaluation -

of Operational Data

SUBJECT: NRC ACTION PLANS DEVELOPED AS A RESULT OF TMI-2
ACCIDENT - DRAFT 3, TASX II.E.3 DECAY HEAT RE!*,3 VAL -

AEOD has briefly examined the issue of BOP water systens required for normal plant
operation and for decay heat removal. This was triggered by the February 26, 1980
Crystal River event in which the plant did not go on to RHR for several days due
to bearing failures (memo attached), and San Onofre's cooling pump failure (3/10/80,
LER 80-006). -

.

AEOD notes that on the Crystal River Plant, the Nuclear Services closed cycle.

cooling system, NSCCCS, (which serves to cool motor bearings for all of the reactor
coolant pumps and provides water to both the turbine driven and .the motor driven

pd . auxiliary feedwater pumps, reactor building ventilation system, etc.) appears to.

be capable of withstanding single active failures, but cannot withstand a single
passive failure (rupture of an 18" line would disable the entire NSCCCS-Florida
Power Corporation drawing FD-302-601, rev. 26, 3/28/79).

The interaction between the NSCCCS and the AFW'and the reactor building ventilation
o

.

system was also presented by RES (J. Murphy) as part of the IREP study at the
4/11/80 meeting of the ACRS Subcomittee on sensitivity ~ of B&W plants. ~ 7

.

AE00 believes that the reliability of DHR systems should be reviewed and, where
''

necessary, upgraded on an expedited basis.. The NRC Action Plan (Draft 3. - Section.

B2) calls for .NRR to perform a " generic study to assess the capability and
reliability of shutdown heat removal systems...." by August 1982; this appears . .

~

to be too late. ,

. . ;.;- -

Based upon tiRR's 2 or 3 day site audits of the SEP plants regarding~ the plants'
safe shutdown capabilities, it is apparent that brief audits of the DHR capabili-
ties of each operating pla' t can readily pinpoint weak spots of the s'ystems and; n

i that action can and should be taken to fix the obvious deficiencies rather than
' waiting two years for generic probabilistic assessments each of which at 'best. -

~

are applicable to .only a few plarets. The crash program which was undertaken by -
NRC to assess the reliability of AFW systems shortly afte- TMI showed that such:m

4 audits can be performed quickly, and can be lignificar.t in improving reactor. " * -safety.
-

.
.
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Petarding Section B.t. of Task II.E.3 (I'.evie. inn 1 of r.ecule.toiy Guide 1.1.?~
"Guidsace for Residual Hcat,P.copval to Acnieve and l'aintain Cold Shutdown"), '

.

.

A203 notes that Draft 2, Proposed T...!sica 1 to P.cgulatory Guide 1.139 -
O tran=.itted from 50 tArlotto) to AC:. .t . acy) . crch 7, is o - eedresses

t
.

only nw plants, and that older plants will be reviewed against the cuide
"cn a case-by-ctse basis." AEOD is ... u ..ed that there is an keediate.

necd for. assuring reliable residual heat remval capabilities in existing
plants with safety grade equipment. AEOD believes that the rcquirements for

.

residual heat recof51 ccpabilitics of the older plants should be specif1,cally
addres:ed in tlas proposed revision t:. P.cgal-tcry Guide 1.139.

_ _. _
- p =: - . -

SJ -

I. . .

Carl !!ichcison, Director,

~
Office for' Analysis and Evaluation . J : 2--_ --. . _..___. -

of Operational Data
.

.".

Attachment:
lle m 11. Ornstein to C. !Mchelson

dated March 20, 190,0 *-
,

Qcct;/tttache.cnt: -

R. Derncro .

!!. Ucnton '

D. :1:enhut
F. Y.c.:some '

': '.. . .
.

-

. Ti . _,.
.

,
. . . ,

*'.v-r. 2
Distribution: '# , -

.

Central file
.

~'=-
AE0 P.eading File ~

--

0 Chron. File - - - ' ~ ' '

H0rnstein, AEOD
~ '

'' '

CHichelson. AE00 ' ' '

. .

' . -:.' '-
-

.___ _ .:.. ..
-

_ _ _
. . - . w:

'

- r-- y
,- .. - - a- 5- ' ,

~ '

'e , . _ , ~
-|.':: y . -

'
s

.'J -
~

~

4-tM.'s Z .x..

. , . . . . . . ' ,..

.-
- : . :n . y. :

,

-. . . .
, - .,

n .-
| 3 - .. -

j-
.. .

@?T.;., ,
-

* WMu -; . - %'A.% 31'.&i.-t'N#'f-fI
- - - -

I' *!A 0D .-: ; -c r, AEODr..cr y , g[g,gr$ : '- - - -
-

M - o -(-.
y y.u d 9.orns t e.t o.: g t . . CM i ch e l s o[n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .:. . . . . . . . . : . . . . . . ..}:. .

: -.

''' * " ' ' '**'''**'*'**=''"c''*''- "
~ -

; .
* ' - '''':e"" '

. ..........,,..
.

O#E . [. /80 4/g/20 .. . . . ... ..... ..... . . ................. .......

Q: ct. * . * *
,

* . #'.
% s- ,e . e r . . . . . e. ... p r .

.. .



, .
.

|* YU- C AI.#
w

..;. . !.Ic.utATor.. ;
.

, .. %, O,
i. 4 h:1ON. o, c. n.. .~., p -

U.R 2 d 1980) % .'.C. ;| ..

\O -

I,.

HEMOR.""S'.'". F DP. : Carl !!ichcison, Director.

Office for Analysis and Evalu' ation of '

O oPer tien 1 oita
' '

-
.

FROM:' Harold L. Ornstein
Office for Analysis and Evaluation of

-

,0perational Data'
St!BJECT:

CRYSTA1. RIVER HUCLEAR POWER PLANT DECAY HEAT CLOSED
CYCLE COOLING WATER PUMPS /DCP-1A AND DCP-1B

I have pulled together the following information:
- - - -

_

I

The HRC requires surveillance testing of these pumps every 30 days. Pump DCP-1A
tested satisfactorily on 2/6/80.. Above and beyond the inservice inspection program
required by NRC, Florida Power Corporation has an outside consultant (C&S Maintenance

.

Consultants) conduct a plant-wide overall vibration maintenance pr igram.

On 2/13/80, one week after DCP-1A passed the NRC required surveillance test, CLS
found the pump motor vibration to have a'1.4 mil displacement (1.0 mil alert is
required,1.5 mil ac: ion is required). A C&S report, dated 2/15/80, noted the

Qincreaseddisplacementandindicatedthatitwasnotatapointofconcern,and.
advised FPC that the pump should be watched for increases in vibration and/ortemperature.3

On 2/26/80, at 8:00A", CLS retested the cotor and found it to be out of spec (4.7 mil)and in need of inmediate repairs. The vibration was attributed to the motor bearing
-

.

clonst to the coupling. A work request was written up noting the fact that this is
a tech spec priority item (72-hour action status). The fact that DCP-1A was inoperable
was not relayed to the control room personnel until after the ini:ident, partially

i

due to system inertia'and the plant evacuation. |
visor and the maintenance planners / coordinators to go over the pump repair did not(A meeting between the shift super-|

take place until after reactor trip. !

The question of cortmunication between operations
and maintenance persennel regarding declaring vital equipment out of service needs'to be addressed - is this a problem at man |

just an isolated eve .t at Crystal River?-) ~y other plants vs. just Cry,stal River vs.
, - - - .

. -
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''r - was changed on the c'rning of 2/27/80;T .

hc.ever, excess.e vibration was still recorded (displacement of 1.1 mil). Because
cf this ,... ....., u w n:, tor uer.: it.g cn the opposite side of the motor was then
ch:.n;e:'. .;....,

,
...e seccnd taring trought the displacement down to 0.68 mil <

O ti.ich u.. L'.:rt rt:.p, b.t still outside the normal operating range of |..

about' O.5 mil . .ubsequently, FPC broke down the coupling, found that one end of !

the cou;'* - M ricated, cr.d that it "had bad teeth which were somewhat !..
corroded" post ::rcbably due to improper lubrication. The coupling was then ,'
replaced tad th. ; amp /cotoi were realigned. C&S ran vibration tests on the pump /
cotor on 3/28/E0 =d readings were within normal ranges (displacement was.0.3 mil). .

The redundant decay heat closed cycle cooling system pump, DCP-18, was examined, ,

and the pump and motor were found to be out of alignment. There was grease in the ;

coupling; however, the grease showed signs of degradation (loss of " slickness"). '

It was ccncluded that the degradation arose from misalignment which caused the
heating of the grease anf excessive wear.

;

.Tne coupling does no: have any grease cup or simple provisions for lubrication. In
i

ceder to crease the coupling, it must be disassembled. FPC (G. Claar - shop super-
visor) informed me that FPC was of the impression that the DCP couplings were not
p:rmanently lubricated. FPC had found that the pTant equipment lubrication list
ir.hich was put together with the assistance of Gulf Atomic) had omitted the couplings
cr. XP-1A and 18. As a result, FpC was planning to check the couplings during the

O r. ext refueling outage for lubrication.es=it of the4r recent ex.perience with ocP-1A and 1B, FPC is now planning to
r I&E (Ashenden) was informed that,~as a

i ;1e ,ent a plant-wide program for alignment and coupling lubrication.

Ine lubrication proble on the decay heat closed cycle cooling system pumps, the
unexpected failure, and the resultant delay in going to cold shutdown highlight the
ulr.erability of nuclear power plants to inadequate lubricatibn. The.NRC does not
Es;etr tc have adequate visibility of lubrication and maintenance on vital pumps ' ,
E7: Other critical e:;ci;. ent. Inadequate lubrication and alignment checks and the Vj
'i :encir; ccmmon ac:!e f ailures" of the decay heat closed cycle cooling water pumps,
:"F-1A a-d 1B, at the ti.-e of the 2/26/80 Crystal River incident, are viewed as
;::er.tia'. tecident pre:vrsors which should be addressed immediately.

,

.

'
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Harold L. Ornstein
'-

Office for Analysis and Evaluation
.

.
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O''::te to: R. Tedesco
R. 'i.e r ' ~J. Knight

.

P. Check
.

From: D. Ross, Jr.

Subject: QUALIFIED AFW SYSTEM

We are to discuss at 11:00A.M. (5/13/80) at Roger's o'ffice relative merits
of qualified AFW vs. qualified feed and bleed, given that an SSE has occurred
at a PWR. This discussion will include:

1) the ACRS transcript of 5/80 wherein NUREG-0667 was discussed (copy
attached);

'

2) page 7-25 (para. d) of NUREG-0667 (copy attached);

O 3) page 2-4 (para. 2.2(1)) of MUREG-0667 (copy attached);

ages 21-29 inclusive of 4/21/80 briefing to Commission on HUREG-06674)
p(copy attached),

'

5) A summary table on seismic standards of some plants.

The purpose of the meeting is to develop an NRR Office position on whether
AFW systems should be Seismic Class I (including backfits) or, whether F&B
is an acceptable alternate to safe shutdown, given an SSE.

,

r

. ||[D. F. Ross, Jr.
Attachments :
As stated

O -
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I.

ALTERNATE PATH DECAY HEAT REMOVAL-
CAPABILITY FOR PLANTS WITH NON-SEISMIC I AFW SYSTEMS .

,

,.

THERMAL HPI CHARGING REMOVE D.H. .F&B BY**
'

~

f POWER SHUT 0FF FLOW BEFORE CORE DEPRESS. TO
.2_ VENDOR LOOPS MWth HEAD,psig 0 S.V. UNC0VERY HPI ACTV. COMMENTS

.
*.

G . I.. .: .a }[ 2 1300 1485 180 gpm Yes ? Charning flow
prqdicted to
remove all det.o
heat after -li.
Unknown if char
pumps are on
diesels or are

. seismic. Pl ar.t.
can possibly .U.
by PORV depres:.

. - . . . _ . _ _ to HPI setr.oin.

U 4 1825 2948 ? Yes Psbl . Al t... .

3 1347 2600 ? Yes Psbly No MSIV; Main i-. ..

on AFW; OBE.
. . _ _ _ .

. ' . . tio.!E ' 1[ J4 600 844 99 gpm Yes 1 AFW pump Charging flow.-

predicted to.

remove all (;et...

heat a f ter -7 i...

Unknown if. . . ,

charging pump.,,-

are on diesei:; I
are seismic I.
Due to low SI s
off head, questt.

able if deprer. .,,

to HPI actuatiu
.

possible.

. :i . ' CE 2 2530 1257 133 gpm No Maybe Charginq flou.

insufficient
to remove all-

e,e e e 5'2"a?
~

~
-

-

- --.
.



. r.c n 'AL hPi L;ti.dbit G .<c?.b?d L.3. FL3'3Y**

i PO'< E8 SP.UTOFF FLC'<l i BEFG.tE CORE LEPRESS. TO'

VENDOR LOO?S ;'|.4th HEA3, psi g 0 S.V. UNCGVERY HPI ACTV. CO.''.'4EHTS

I; t_:1
. , , , , , '

Plant can
PA_:SA3ES possibly .~.".3~

( ....t.i n..cd )
- -

by PORV
depr,'ssuri.<dti'"'

.
. ' to HPI set,ioin

Turbine pump
= paper qual .

'

--
-

-

B&W 2 2568 a3000 -400 ppm Yes.. -

. . . .

11&'.! 2 2452 -2800 -400 com Yes -

. .

,1&W 2 2568 '3000 ~400 q'pm Yes -

. _ _ . __

.

. ._
,

!

t .
. . . =r

DATA SOURCE:
.,.

;

../ 7 /ilJ s :a g: . I-

.. . .r.e ra n
Pt. ANT

NUREG-0635* ~ .) g

.T SURE ABT SEISMICITk NUREG-0560 o'-

NUREG-0611
. - i

-
;,

.

.

1. .

.

-
.
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GE/86

O InP0rrATIm mRTAlnine To SEisnic SCRAM

;

O
SEISMIC SCRM1 FOR EACTORS:. -

.

POWER RACTORS lil JAPN1

SOE ESEARCH-EACTORS AiO ONE POWER RETTOR IN U.S.A...
.

JAPNESE PRACTICE:

SCRN1 VALUE:
-

GEAER OF:

1/3 ESIGl STATIC COEFFICIENT

2/3 DYWilC ESP 0flSE ACCELERATION AT THE LOCATION OF IllSTALLATI0tl

; .

,

a

|O
~

'O
i

.

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



-. . . -. . .

.

.

O
INFORPATIm ERTAINING TO SEISMIC SCP#1

: O

JAPNESE EXPERIE1E:

TYPICAL PAXIft|M ESIGN ACELERATI0ils AT BEDROCK:

1) TSUGARA - 250 GALS 5) SHIT'#E - 200 GALS

2) MIHNM - 300 GALS 6) HN%9KA - 300 GALS

3) FUKUSHIin - 130 GALS 7) GBKAI - 180 GALS

4) TAKAHNdA - 270 GALS 8) IKATA - 200 GALS
-

O:

SB1IMI EART110UAE,1980:

1

FUKUSHIPA: 0.1259

PLAll OPERATED 111 ROUGH THE EVENT WITH ONLY llINOR DAi%GE TO EPK11C

IllSULATORS LOCATED IN TE SWITCH YARD.

*
,

I
*

,

O
.

O.

. - . _
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4/v/do

PROPOSED SUBCOMMITTEE POSIT 16N

O
THAT NUCLEAR POWER PLANTS BE REQUIRED TO BE EQUIPPED WITH SEISMIC
SCRAM SET AT THE OBE LEVEL. THE SUBCOMMITTEE BELEIVES THAT THIS

oWOULDPROVIDETHEFOLLOWINGADVANTAGES:

(1) PROVIDE A TRIP WHICH WOULD ANTICIPATE THE PEAK FORCES

ASSOCIATED WITH AN EARTHQUAKE IN EXCESS OF THE OBE AND

WOULD ALLOW TIME FOR SCRAM AND SOME DECAY HEAT REMOVAL
BEFORE THE SYSTEMS AND STRUCTURES, WHICH ARE NOT DESIGNED

TO SEISMIC - CATEGORY l CRITERIA , ARE SUBJECTED TO

FORCES IN EXCESS OF THE OBE.

(2) WOULD ALLOW OPERATI'N OF THE PLANT AND POWER SUPPLY TO

THE GRID WITHIN THE GUIDELINES OF THE CURRENT REGULATORY
CRITERIA.

(3) REDUCE SPURIOUS SCRAMS TO AN' ACCEPTABLE LEVEL.

O

:

I )w

. C': j
1 a
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MEETING OF ACRS SUBCOMMITTEE !-
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EXTREME EXTERNAL PHENOMEHA ,
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O TASK ACTION PLAN (TAP) A-4) j

SEISMIC DESIGl CRITERIA - SHORT TERM PROGP#1
'

.

i

|
|

OBJECTIVES:

DEVELOP CAPA3ILITY TO EVALUATE ADE0JACY OF SEISMIC DESIGl 0F"

OPERATING REACT 0PS NO PLMTS IIDER CONSTRUCTION.-

DEVELOP EEDDS TO QUANTITATIVELY ASSESS TF.E OVEPALL ADEQUACY
OF SEISMIC DESIGl FOR NUCl. EAR Pl. ANTS IM GENEFAL

.

O esiSE CURRea SEISMIC DEStGi CRITERIA IF APPROPRIATE
'

.

| .

,

.

O
-

|

O

.
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O TASK ACTim PLM1 (TAP) A4)

.

APPROACH:

PHASE 1 - RESPONSE OF STRJCRlRES, SYSTEMS, ND C0fMEfiS

; QLMTIFICATION OF SEISMIC CONSERVATIS"S

I ELAST0-PLASTIC SEISMIC NMLYSIS

SITE SPECIFIC SECTPA

!O NONLINEAR STRUCTURAL DYNAMIC R MLYSIS

SOIL-STRJCTURE INTERACTION;

REVIEi #0 EVALUATE RESULTS OF PHASE 1 STUDY

PHASE 2 - SEISMIC INPlIT DEFINITION -

SRJDY OF EARTHQlAKE SOUREIDDELING

NMLYSIS OF NEARFIELD GROLIO IDTION
.

REVIB4 NO EVALLnTE RESULTS OF PHASE 2 STLOY

-

O
.

:

O

.

p _ _ _ _ _ _ _ _ , .-
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'

O
TASK ACTION PLAN A-40

O
[ E ENT STATUS-

'

PHASE 1

CONTRACTOR REPORT ON REC 0m ENDED CHAPGES TO DESIGN CRITEP.lA
,,

COMPLETED.

CONTRACTOR REPORT ON CHANGES TO REGULATOP.Y GUIDES 8

STANDARD REVIEW PLANS COMPLETED.

O REGULATORY GUIDES - 1.60, 1.61, 1.92, 1.122 AND

STANDARD REVIEW PLANS - SECTIONS 2.5.2, 3.7. L 3.7.2 AND 3.7.3
:

#

PHASE 2

'

STUDIES ON S00RCE MODELING ARE ON SCHEDULE.

STUDIES ON NEAR-FIELD GROUND MOTION ARE EXPECTED TO BE

COMPLETED ON SCHEDULE.

~

O

O '

.

L __
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i SITE SPECIFIC SPECTRLiM PROJECT ,

1 .

PROGRAM REVIEW
!

!

!

! JUNE 4, 1980
i i

;O ,

,;

i

)
: ,

3
,

) LARRY WIGHT

'

;

!
;

!

I

O
3DON BERNREUTER, L PROJECT MANAGER

O ,

,
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O our o w ectiv , s to iotes,,t .n ,ei...ot ,oa ,,,,ios , e,t, u tn

seismic hazard models to estimate the seismic hazard at the SEP sites.
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gQ[.'i .-n
1.0 se 3.9*

4.0 to 5.1
* 5.0 se 7.9

.. e s.:
, 10.0 t01I.3
' ' 52 .9

,

NL

Sinx the releznznt and available data is sparce,
O see formazity incorponted the ,iudgements of sen

.

recogerised experts into the analysis.
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O
We structured the overall program for maximum benefit to the NRC.

-

O
CREDIBILITY e Probabilistic methodology employed was well-

accepted but nevertheless state of the art.

ACCURACY e Technique nas favorably cospared against s.ther

available methodologies.

QUALITY e Specialized external experts involved during

development and review of key components.

H. Shah (Stanford) Pmb. Analysis

G. Baecher (MIT) Subjective Probs.

T. pt: Evilly (U. Cal.) Seismology

D. Veneziano (ftIT) Probability

RELEVANCE e Entire program ins peer reviewed by prestigious

panel of experts:

Professor tutt11 (St. Louis)

Professor Sykes (Colunbia)

Professor Ang (U. Ill.)
Professor Veneziano (MIT)

-

t
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O
i In designing the approach for this project, we sought techniques

| O that were compiementary to appendi, 4.
-.

| Deteministic | Esoirical | |Probabilistic

-I

Physical modelling Considering the site

of the ground motion from

earthquake process all possible earth-

quakes, along with

O their probability of
.

occurrence.

| _ ,

Empirical 51te Specific 5pectra Appendix A

direct averaging of spectral ordinates Espirical detemination of the

from a representative suite of PGA with a response spectrun

accelerograms. I defined from a suite of
_

accelerographs.

O
.

|

O

%
t
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Every seismic hazard analysis consists of four distinct steps:

O
..

-6~---m-.e._m._

m

Michi9all $B
L_ d 5 ss-
Sandwich

Cumulative o

R .

| hew % drid Intensity (MI)
!

MTIM SEISMICITY

l

l

-= c . >.d, |N.

% |
-

Lv-
. m s._ i -

ATTEMllATION

|

h EffdNnt mealr is technigsnes de1! withfe
|

h ***P8 im sery Efferent narys.
,

O
3

..

%
4- - _-

t
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Each of these techniques represent a different_persoective of the seismic
- hazard, each with its ow) objective and limitations.

.

O The reeutta are best used to conpare the.

,
. relative hazard between sites._

. . - _ _ _ _ _ .

e y

| Deterministic } , Empirical | | Probabilistic

_ Ob.iectives

Specific size & Average ewr slight range Average over all

loca tion. of sizes & locations. sizes & locations
|

. eccounting for prob-

ability of occurrence. !,

.
.

.

Advantages

.. . - -

Allows predictions beyond Simple & direct; Allows trade off between

suailable data. e siegte anser. hrd and h face;
'

age laventory, dispers-~'

.

tbility. population, and
'

structural resistance.
.

Disadvantages.b ...5 -';

'Camplext*J sf s*ysical %thesized desip situation;
' Tails'ef probability,,

1.
,

es.mally lied ted data. distributions can domin-
_ - . - - -- ete results.

,

. .

__ _ _me e e, o c c=> W * ~ * ~ ~
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'

The results from any seismic hazard analysis are only as good as 1.;ien

analysts' experience and judg a nt.
u..._....

| Detenninistic | |Emirical | |Probabilistic

. Zonation
Fault rupture kinematics

O : Sim distribution
postulated stress drup (seismicity)

postulated moment. Time variation prop-
erties(Poisson)

Attenuation

.

9bgmi1nede med distana Zonation

setsul flor aueraging maxime MI.

site MI or acceleration
.

O
|-

,

O>

b
% 1

1
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Professional judgement is always incorpcrated (usually informally) in any
O technical analysis.

.

An:ny isauea an aufficientiy comptez and of

such 1Lg>ortance thzt fom:I asse of professional |

jndgement is nquind.

O
Called expert spinion solicitation, such techniques have been used on

several important projects.

.

EGS Seisaric Hazard

M5GS til & Gas Estiestes

US8R 5eisericity Study at Auburn Dam

DOE Maste Isolation Safety Analysis Prmgrarn

.O
.

O,

,

e
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O
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The use of professional judgement, as required in any analysis technique, ;

was fomally incorporated into our program.

1

e to ensure sost credib.le and accurate input
;

i

e te ensure direct Peer Review ,

O
e to evaluate consequences of judgement differences

|

|
|

|

O
.

O:

,

- TERA CORPORATION



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

'

. . .

. . . . . --.

.

O ra coasideration af the

e complexify of issues
'

e number of issues
"

e schedule

e budget

we implemented the questionnaire approach.

k designed the questhming process to ,

be as thom4 , efficient, and preciseh

as possibts.
|

O

MSWER
WKLET.

SEISMIC N
gATA

|

O .
.

''O rr>y
s

% \
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O

O Tne seismoiostcai experts *o perticipateo in enis pro 3ect
'

represented a cross-section of the scientific codinnity.

auny were omsidered; feu were chosen, based

aga;

organiastioomat affiliatione

'
e technical strengths

e availability

O
Professor Gilbert A. Dollinger

Dr. Essard Chiburis

Dr. Richael A. Chinnery

Professor bbert 5. Herrmann

Mr. Richard J. Molt

Professor Otto Nuttli

Dr. Paul W. Pomeroy

Professor haald Street

Professor Marc Sher

'a ''''ar "" ~O
.

O
P,

i
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1-1 Please carefully review the azurce zones specified in
Fipres i ed 2 of the. answer booklet. Feel free to
modify, combine, odd or delete zones where necesscry.

lndscote, preferably with codored pencils, what seismic
source regions you feel are appropriate for Eastern United
States. Indicate only those regiors that in your mind are
very teosonobie. We ask you to speculate on less likely
source regions and local tecimic structures in following
questions.

You shoukf also wmmarize ycur ranction on Table I-l
where we ask you to label each of your zones and to also
assion, os o percentoge, ycur " decree of belief" in oil of
the seismic source regions, both yo.srs md the zones in
Figures I and 2. Zero credibility or " degree of belief"
corresponds to zero percent.

O we niiustrate o possibie rescoase to this auestioa ia
T&le 2. Note in particular how the percentoge credibility
need not add to 100% for each source zone. Rhis is how

~

you may indicate itet there is a cMnce for a zone to be
considered independently or simoly as e oort of the_bwk l

i ground seismicityJ For exorrple, in Table 2 the answer
,ndicates that there is o 70% chance that the seismicity of
Upper Keweenow, Michigm, defines e independent zone
and a 30% d.csw that this seismicity simply belongs to
the be* ground seismicity of the Centrol Stable Region.
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Although in the Eastern U. S. the earthquake sizes are commonly measured in
terms of Modified Mercati Intensities (MMI), we will always refer to " size" (5)

and let you choose whether you want to egress your mswers in terms of either

magnitude or MMI. ,

|

You should base your answer not only en the recorded dato, but also an your |
;

feeling as to whether the post history is o good estimator of the true state of
nature end whether the future cetivity is likely to be similar or different from

.

the post. This feeling can be based on my external source of information such as ,

O tectonics, theoreticoi studies, simiiorier wit * e*er resions in the worid, or
simply educated pdgment.

l

i

2-5 For each of the two time periods, ISO years smd i,000
years, assune that within the next 10 years the upper
bound estimate of the largest event actually occurs in o
zone. How would this cNmge your previous answer to 2- |

3?

O
2-10 if in the next 150 years you were told that among the

several events that occurred the two forgest ones were of
the some size, what size would yw guess they were?

@
|

| . . . . . . . . ..
_



.
- . . _ . . _ _ _ . _ _ _ _ _ _ _ _,-*

SEISMICITY MODELSO

|O aemember that y e o,e uee ,o svejec,iveiy ossess the future seismicity in the

- East based on the available defo and your judgnent as k the validity, evolity and

completeness of these dato to represent the true seismicity in the East. These

Judgments may be based on geologic and tectonic considerations, similarities
.

with other regions, theoretical considerations, Individual studies that you have
conducted or know of, or my other irdarmation that you feel has o bearing on

,

Eastern seismicity.

:
:

.O Do you think that a lineer relation is acceptable to des-3-1
cribe the seismicity of seismic source zones? If not, what
should the farm be?

.

.

Consider a local sectonic feature which in recorded3-3
history has had e few earthquakes of relatively large size
associated with H. Do you believe that the classical
recurrence relationship is appropriate to describe poten-
tiol activity of this feature er is another type of
recurrence biased toward the large site events more
appropriate?

O
.

O

.
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ATTENLIATION

' O
.-

An attractive eprooch to solement the limited strong motion &to in the East
is to infer, based on theoreticot or experimental considerations, the dif ference in
peak eceleration ed velocity ground motion between the Eastern United States
(East) ed she Western United States (West) and to modify correspondingly the
Western entenuation relations ed intensity correlations in order to make them

The following questions oddress this problem in oapplicabk in the East.
qualitative as well as quantitative momer.

|

O
4-1 To what degree 6 you feel there is evidence to

thstantiate the hypothesis that strong ground motion
characteristics we dfferent between the Eart and the
West?

,

.

4-3 Several wi.ktions between epicentrol intensity and
maritude hwe been developed for different regions in
the East. What correlation (s) do you think is spropriate
for the source regions developed in Section 1.0? Com-
ment in general as to the reliability of these correlations.

O
.

|O
t

}\
.. - . - . . _ - . _ . . . . . . - .
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..- Acceleration dispersion for Eastern U.S. is a very

important, uncertain parameter

fr.M

fe.M
,.
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!

O Ar
1

Attenuation data for Western U.S.

Theoretically, the use of intensity data from Eastern
U.S. introduces additional statistical uncertainty

A format combination of all these
| uncertainties yields e = 0.9

'

(Come11 et al.1979)
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O
WE RELY ON JUDGEMENT AND OTHER INDEPENDENTLY DERIVED

INFORMATION TO SPECIFY THE VALUE OF DISPERSION

e Reasonable agreement with available

eastern U.S. acceleration data

e Good agreement with a recently

derived theoretical attenuation
model |

e A judgemental accounting for the
tightening of variables in-a site- i

specific application !
'
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The questionnaire answer booklets quantified the judgements of ten

O prominent seismoiogists.

O'

. We calculated 10 sepante site specific

response spectm for each site, corresponding

to each expert's ,iudgement on sonation and

seismicity nodsis. |
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Detersine histrical seismicity in each anne.

Q Quantify the * sara-r14:eness" in seismicity for each zone.
|

| Fit a linear seismicity andel to the data la each zone, using th'e

" " * 'O
using the amme credibilities, allocate the seismicity for each zone i

kw- tw
wrt s resions ond a ,enerai hackground region for the ge.g

Using our attenuation model, calculate the site hazard.
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O sur man

O
.

When it is appropriate, o consensus or partial consensus will be reached among

the eperts through weighted overoge procedses W on self-assigned levels of
In order to obtain a measure of the aurall confidence ym have inconfidence.

your answers would you please rate on a scale of I to 10 (10 being the highest)
the confidence ym have in your responses for the different sections of the

questionnaire and the wious source zones.

O

.

O,

|
.

i

O

S
T

-- --



L _ .. . . .
,

r- ,. !

.: h : . . .. .-

5

1
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Q The entire program was designed to fonnally incorporate
only the expert judgement in order that each expert's
opinions be accurately reflected in the results.

Because of schedule and budget constnints,
cedain input was developed by the project
team. We have tested the results to the
sensitivity of these judgements and
quantified their effects.

|O
Background model ( 10%)
"a" value in seismicity models ( 5%)
attenuation dispersion ( 20%)

,

O

O
,

%
_ _ TERA CORPORATION _
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The SSSP has resulted in several important findings:

e That the attenuation model, particularly the

uncertainty component, is the most sensitive -

parameter.

O e Taat the ranse of res=its determined in this

program are not much greater than would be

e g irically predicted at WUS sites.

e That diversity of an experts judgements often

tend to self-cancel.

O
.

O

%
_. . . . . . . . . . TERA CORPORATION

_ _
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SUMMARY OF ItilTl AL RECOMMENDATIOtlS -
O SITE , SPECIFIC SPECTR A FOR USE Ill SEP

O ' TERA-LLL Uoiform Hazard Spectra

"1000 year" Syn th esi s-

Ossippee Attenuation - flortheas tern sites-

GUPTA-NUTTLI Attenuation - Central U. S, sites ;-

!

I Minimum Floor for all Spectra

Median representation of nearby magnitude 5.3-

"1000" year" spec tra f all below minimum - |
-

Palisades, Lacrosse, Big Rock Point

3 Specific site amplification conditions (soil column
impedance contrast) not fully assessed at Lacrosse,
Yankee Rowe and Palisades.

O

O

,
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ITEMS REV1E?IED BY NRC STAFF

O.

I Draf t Seismic Analysis - TERA-LLL, 3 vol. August 1979

3 Peer Review Comments (Fall-? linter 1979)

LLL Review Team (Sykes, Nu ttli, Ang, Veneziano-

Licensee Review (Blume, Fugro, Commonwealth-

Edison, Holt, Cornell)

NRC - Applied Statistics ( Abramson)
.

-

9 TERA - Response to Review (March 1980)

I Sensitivity Results - TERA-LLL (March 1980)
O

I Attentuat-ion Panel (Feb.1980) and Commen ts on
Pan el (llu t t1i , Tri f unac, McGui re, Dono ,an)

I TERA Evaluation of Panel ( April 1980)

l

O

O
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.

() ITEMS FORTHCOMING IN REVIEW

() 8 Review and Comments by Newmark and Hall (May 1980)>

I Review of Draf t Seismic Analysis by USGS (May 1980)

I Review of all Licensee Submittals (Fall 1980)

I Comparison of SSSP with Other Hazard Analyses
,

'(TER A - May 1980)

O LLL Report on Attenuation Recommendations (May 1980)

8 Feedback Meeting with Original Expert Group() (June 1980)

I TERA-LLL Recommendations and Possible Reanalyses
(Fall 1980)

.

f.

:

'

._ - _ .



_ _ _ _ _ _ _ _ _ _ _

,

DIFFERENCES IN APPROACHES

O O DETERMI N I S TI C

Input parameters (seismic source zones, attenuation-

etc.) chosen as single values
O Output single value-

Advantages:-
.

- Straightforward '

Disadvantages:-

No description of uncertainty-

No explicit use of earthquake frequency-

Very sensitive to simple changes in technique-

(adoption of Tri funac-Brady, Reg. Guide 1.60) 1

Yields different levels of risk from site to site-

O PROBABILISTIC -

Input parameters used with individual, statistical !-

"d **P
^

'' ""t I"tYO Out r < - Range of values with chances of-

exceedence
Advantages:-

Results can be used in relative or absolute-

sense
Relativ.ely insens.itive to certain changes-

Reflect uncertainty-
,

Explicit tracking of important parameters-

Disadvantages:-

Cumbersome-

Cont rover si al-

O Diffi ulty in hoosing correct model-

Limited data bases-

O
i
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i O
FAULT
' ~ - " '

O
3 FIXED DISTANCE R-

~.
i ,

! FIXED MAGNITUDE M'

AREA I
SOURCE

1

STEP 2

' SELECT
SOURCES GOVERNING EARTHOUAKE

,

LQ,

-

- .A _
ACCELERATICN ,.f* FIX.9D*

|f .

PEAK* **
- - - - .

ACCELERATION***
, .oATA
,

-

1

015TANCE

:

STIL3 4

STEP 3 LOADING AT
ATTENUATION THi: SITE

.

1

FIGURE I

O DETERMINISTIC APPROACH
TO LOADING AT THE SITE

%
TERACORPORATION

;__ .Dec. 8g ._1978
_ _
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O
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FAULTO 0. ire Source) ,

1 '
SITE (OC y .

.g
,

,h . ~ ~ EARTHQUAKE 5 * ,

r, : >M .

AREA
SOURCE

MAGNITUDE M

STEP | STEP 2

SOURCES RECURRENCE

O a
L UrJCERTAINTY 1.0 - -

IN ATIEtJUATION

*
.

* MAGNITUDE M,PEAK *

ACCELERATION *(** * * CDF, ,* *,**u..*. ,

. . . .. . . . . .
*[*

* * * * * *

u3 . ...

DATA', *
..,

.

: 0 ?
DISTANCE O ACCELERAT:0N

STEP 4

STEP 3 PROBABILITY OF
ATTENUATION NON- EXCEEDENCE

WITHIN A TIME PERIOD t

O
FIGURE 2

O CURRENT APPROACH TO HAZARD
MAPPING FOR PEAK VALUES

%
TERA CCRPCRATIONDec. 8,1978
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PROBLEhis IDENTIFIED IN REVIEW

:O AND STAFF RESOLUTION

8 GROUND MOTION ATTENUATION AND DETERMINATION
O P ro b l em : insuf ficient expert input-

Resolution: Separate attenuation pans 1 (TERA-LLL)
'

-
-

: Regional attenuation models
(0ssippee and Gupta-Nuttli)

I ZONATION

P ro bl em : Dif ficult to reflect experts confidence-

in source zones in earthquake occurrence
Resolution: Use spectra intermediate between-

extreme assumptions (background and
no background)

O I DISPERSION OF DATA
P ro bl em : How to define scatter without appropriate-

data set in East
Resolution: Assume scatter similar to scatter of-

data in Vlest
!nc=0.7, 3 cr

I SYilTHESIS OF EXPERTS RESULTS
! - Problem: Alternate method of synthesizing resul ts

- Resolution: TERA estimate - no significant
difference

'O

O

. _ .
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1
.

O
I

lilTEGR ATION OF RECOMMEtl0ATlatlS
O |

,

|
_ _;

I EVALU ATE SENSITIVITY OF RESULTS TO Z0tlATION AND |
'

\

DATA DISPERSION CH AtlGES |

|

|

8 C0tlCLUS10N - NO BACKGROUND 6 = 0. 9, 2y

u INTERMEDI ATE -BACXGROUND cr = 0.7, 3r -

: O

.

I

O

| O
|

, _ _ . _ _ . __
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() SEP SITE SPECIFIC SPECTRA PROJECT

(3) I CONSERVATISMS
'

'

Strong motion data set bias toward higher values-

Randomness in source zone-

Possible simultaneous events in different zones-

Conservative part of uncertainty dominates-

Large earthquakes attenuate f aster than small-

earthquakes
,

8 NONCONSERVATISMS

1

Mixing true free field and basement strong-

motion records
.

Spectra - really more than one chance of being-

exceeded in return period
,

C)'

|
,

_m
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()
CONCLUSIONS1

()'

8 Conservatisms more si gnificant than unconservatisms

!8 "1000 year" spectra reflect longer return periods

8 Implicit acceptance in past of earthquake hazard
on order of 1000 or 10,000 year return period

!

I Recommended spectra fit within thi s description

8 Spectra represent equivalent hazard from site to-
site

()

O

|
1

) !

l

!

|
--- -- . _ _ - . - _ . .
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O
DETERMItil STI C TECHfil00ES FOR COMP ARIS0t1 |

|O |
I Assume - Seismic zoning from staff practice 1

8 Use largest historical earthquakes

I I Predict peak accelerations and velocities from
average of appropriate theoretical and empirical
relationships

I Convert to response spectra using flVREG CR-0098
by flewmark and Hall

O

1

j

O

'O



. _ _ _ _ - -

: O COMPARISON OF PEAK ACCELERATIONS

2(cm/sec )

i O
,

SITE "1000 yr." DETERMINISTIC

YANKEE R0WE 195 123

HADDAM tlECK 202 123

M I LLSTD.t1E 184 123

OYSTER CREEK 161 123

G l titl A 189 132

DRESDEtt 124 132

O PAllSADES 102 132

LACROSSE - 91 132;

BIG ROCK POINT 81 132

O

O

.

, _ - _ _ - e m -- , ,- , --+-r ---- ,
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!

()
COMPARISDN OF PEAK VELOCITIES

() (cm/sec)4

!

SITE "1000 vr;" DETERMI N I STI C

1

Y ANKEE ROVIE 22 11

HADDAN NECK 20 9

MILLSTONE 18 9

OYSTER CREEK 18 9

GINNA 17 10

() DRESDEN 16 20

P ALI S ADES 15 12

LACROSSE 14 9 j

BIG ROCK P0lHT 11 9 |

i

;

C)

l
I

_ . _ - . . . . _ . .__ _ _ - . . .
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1

!

!

i

i O
COMPARIS0il 0F PEAKS

'

|O
:

I

| 8 "1000 year" generally more conservative than
f

| deterministic .

j

|
!

| 0 "1000 year" reflect real differences in seismicity
j and perceived hazard
.

!

!O
3 Example of difference in approaches - Connsaticut

j Yankaa vs Big Rock Point

:

i
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! COMP ARISON OF SPECTRA
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8 Central U. S.: "1000 year" at or below 50% !
~
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!
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8 Eastern U. S.: "1000 year" at 34% deterministic
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assumed spectral amplification

,

iO
i

'

O

,

- - - . , , . - . - - - - - - , . - , , - . - - - - . - . . - , . . - , , . , , , , , . . , - - - . - . - ,



- . - -.-.. - .

|

|

C.U.S. Recc= ended Probabilistic Spectra and
Regulatory Guide 1.50 Spectra
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E.U.S. Recommended Probabilistic Spectra and
P.egulatory Guide 1.60 Spectra
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COMP ARISON '|Il TH REG. GUIDE 1;80 SPECTR A'
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8 Central U. S.: *1000 year" spectra at or below

0.'1g Reg.' Guide spectra
r
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F

I Eastern U. S.: "1000 year" spectra above 0.lg
Reg.' Guide spectra:
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I Reg; Guide 1.60: Conservatively derived from
C);

earthquakes of different sizes,;
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' at different di stances and

dif f erent site conditions
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Recommended Probabilistic Spectra at Rock Sites and Recorded
Spectra at Rock Sites
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Recommended Probabilistic Spectra at Soil Sites and
Recorded Spectra at Soil Sites
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C)
COMP ARISON WI TH REAL SPECTRA
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8 Computations - 50th and 84th percentile

- Magnitude 5.3 0/5

- Distances less than 27 km
,

- Rock or soil condi tions

I Resuits - 6 sites between 50th and 84th percentile
- Palisades, Lacrosse, Big Rock Paint less

than 50th percentile

8 Reasons - Michigan and Wisconsin areas of low

seismicity and hazard
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; o
MINIMUM FLOOR FOR SPECTRA

10
; 8 Magnitude 5.3 (intensity Vil) could occur anywhere
J

j in U. S. at varying levels of certainty

:
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!

t

8 Recommendation - 50th percentile of magnitude 5.3 |
|

be mi-imum )

8 Impact - Small effect upon Big Rock Point, Lacrosse1 O
and Palisades
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() SUMMARY
|

! IMPACT OF SSS ON SEP FACILITIES

SSS LOWER THAN FSAR SEISMIC INPUT WITH MINOR-IMPACT -.

3 PLANTS
|

\

SSS HIGHER THAN FSAR SEISMIC INPUT WITH RELATIVELY
'

.

MINOR IMPACT - 2 PLANTS

''

([)
.

SSS SIGNIFICANTLY HIGHER THAN FSAR INPUT WITH MAJOR.

IMPACT - 5 PLANTS<

.

SAN ONOFRE 1 - MAJOR IMPACT.
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ANTICIPATED

IMPACT OF SITE SPECIFIC SPECTRA

ON SEP FACILITIES

ANTIC UAH D IMPACT
FSAR PROPOSED PEAK

FACILITY SEISMIC INPUT GROUND ACCELERATION STRUCTUP.AL MECilANICAL ELECTRICAL

Dresden 1 0.025-0.0339 UBC (static) 0.139 Minor Major Major

Yankee Rowe None 0.209 Major Major Major

Big Rock Point 0.025-0.059 UBC (static) 0.109 Minor Major Major

Lacrosse None 0,109 Minor Major Major

San Onofre 1 0.59 llousner 0.679* Minor Major Major

lladdani Neck 0.179 Ilousner 0.21g Minor Major Major

Oyster Creek 0.229 llousner 0,169 Minor Minor Major
,

Dresden 2 0.29 llousner 0.139 None Minor Major

Ginna 0.29 llousner 0.179 None Minor Major

Millstone 1 0.179 Ilousner 0.199 None Minor Major

Palisades 0.29 llousner 0.109 None Minor Major
,

* Note: Not detennined using CEP SSSP data.

.

4

_ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _


