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UNITED STATES OF aMERICH

NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFHOUARDS

COMB INED MEETING OF ACRY SUBCOMMITTERS OM

METAL COMPONENTS AND STRUCTURAL ENO I NEER | NO

Room 1048
1717 W Street, N W
Washington, D €
Thuraday, May 25, 1948
The Subcommittes on Matal Components and the
Subcommittee on Structural Engineer ing of the Advisory
Committes on Reactor Safeguards convened, pursuant te notice,
at B 98 am , Paul Thewnon, Chairman, Metal Components
Subcommittes, presiding
PREJENT
PRUL 0 SHEWMON, Chairman,
C P BIESS, Mamber
JESAE € EPERSOLE, Membar
HARULD ETHER INGTON, Mamber
ROBERT € AXTHANN, Mamber
CARLYLE MICHELBON, Mamber

J MUTEMINBON, mCRS Consultant
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Hs soon as he comes in, | will just read the viewgraphs to
you The other full task chairman is Shou~Nian Hou He is
the Chairman of the Task Group on Seismic Design And
Mr Kiecker is the Task Group Chairman on Pipe Breaks, and
John D’'Brien, who is the Chairman of the Task G oup on load
combination and other dynamic |loads

Today we're also going to speak on another sub ject,
and that will be covered by Bob Bosnak and Chuck Serpan and

supposedly Bill Johnston, too

The first chapter of the Piping Committee report has

been compieted and we have published five reports and these
reports have been submitted to the EDO | also sent a

comp lete set of the report to ACRS I don’'t know whether you
have received it or not

I will present the introduction and background, and
each task group chairman will present the findings of their

volumes also will present VYolume S which is the Ssummary

and conclusion of all the findings
Let me give you some background of this NRC Piping
Review Committee

[Slide.]

In May 1982, the EDOD requested the staff to prepare

a comprehensive proposal on how to modify NRC’s present
position on piping The proposal should include a
comprehensive review of all the current NRC positions to




identify the areas and the issues that the staff should
The main objective is to make recommendations on h
ana where to modify the current requirements

The other objective is tc identify an area where

1923 a comprehensive proposal was
prepared and was submitted to EDO It was approved by the EDO
in August, and the NRC Piping Review Ccmmittee was formed and
the first meeting was called in October 1083

What was the ba for reassessment?
LS)ide
the current positions were deve losped many
s ago, and these positions were written mostly based on
judgment and without significant data
Recently, they have a lot of data in the area of
PiIping, and these data are not anly in this country, but also
in foreign countries Also, we have a lot of operating
exper ence that we can draw from
In addition, there have been new deve lopments in
areas such as structural mechamnics, and PRA Right now, the

experts think some of our positions we thought were

conservative, but may not be conservative It may diminish

the overall safety Forr instance, the stiff pPiping system

s
induced high thermal stresses and nozzle loads, and they are

adversly influenced by construction, maintenance and
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inspection errors.
So we feel that some of the present position need
increasing requirements while others need decreasing

requirements in order to get a more reliable piping system

[Slide.]

Let me talk about some other technical issues we are
faced with. At that time, the proposal tried to 'atagorize
all the technical issues in four major areas. The four majar

areas are pipe cracks, seismic design, pipe break and load
combinations and other dynamic loads.

In the pipe cracking area the BWR piping has this
strange intergranular stress corrosion cracking. A few years
ago the cracking was limited to small diameter piping. In
recent years, the large diameter piping has the I16SCC.

Some other questions we are faced with: can we
detect cracks reliably, can we size the cracks reliably?
Would a degraded piping leak before brcak?‘ What is the
effectiveness of the short-term fixes and long-term fixes?
What is the basis for continued operations?

In the seismic design area we feel that we have
enough information that certain positions can be changed now.
For instance, because Part 100, Appendix A required OBE to be
at least one~-half SSE. Since in designing OBE one uses |ower
damping values and lower allowable stresses in many areas and

in many cases, OBE controls the design. But according to the
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OBE, the OBE should be ~-- the ratio of OBE to 2%E should be

much less than one and a half

The other area we can work on is the damping values.

MR. SHEWMON: Before you leave that, what will be
recommended? Something |ike a fourth, or will we get intoc how
it will be decoupled later?

MR. SHAD: | think we recommend to decouple OBE from
SSE and depending on the cases, | think the OBE should be
based on temperature. So we want them to decouple from SSE.

MR. SHEWMON: Okay

MR. SHAD: Another area we can work on is the
damp ing values. There's a lot of research on damping values
recently. And the damping value position is |listed in Reg

Guide 1.61. The piping at 2% or 3% whether it’'s OBE or SSE.
But we feel these damping values are too low, and the low
damping value results in unrealistic, high dynamic l|oads.

PURC -~ that'’'s the Pressure Vessel Research
Committee -- Subcommittee on Piping System, Spence Bush is the
chairman of that subcommittee ~- recommends certain damping
value, and thesze damping values have been approved by ASME
code . And NR has been using it on a case~-by-case basis. And
we feel it should be used generically.

Another new area we can work on is the peak
broadening requirement for floor response spectra. Instead of

using the peak broadening we use peak shifting requirement.
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The other area that has a lot of conservatism is the

so~called multiple independent supports. That’'s in our

Standard Review Plan We tried to envelope all the spectra

that have multiple independent suppports, and that gives a lot

of conservatism in piping design.

Usually, a considered design will result in many
supports and many snubbers. And you know somet imes a snubber
is not very dependable. The hydraulic snubber has a tenderncy

to leak and a mechanical snubber has a tendency to lock up.

MR. BENDER: Getting back to the damping value for

just a minute. The damping values in the piping system seem
to be very conservative. They don’'t take credit for very much
damp ing. What about the structural attachments? Are you

going to deal with those as such?

MR . SHAD: This committee deals only with damping.
Only with piping.

MR. BENDER: Well, |I'm not talking about that. The
thing that holds the pipe in place contributes to the damping
characteristics, and | guess | didn’'t understand how they were
dealt with. The piping is rigidly anchored or tied to the
attachment, and the vibration is coming from the structure.
Something should be dealt with, and | just never got a feeling
for what was being done.

MR . SHAD: Okay. There are many variables in

deciding piping damping values. Just | ike you said, the
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attachment ~-- whether the piping is r i or flexible and the
type of support There are a lot of ables .

We tried to decide which va, able is more important

but it’'s very, very difficult. o finally, | think we have to
dec ide based on frequency. They're only using one variable
right now It’'s almost impossible to tackle the problem

because there are so many variables

MR . SHEWMON : Mike, as a non-structural engineer i'd
always kind of hoped those things would pull out of the wall
SO it wouldn’t muck up the piping system.

[Laughter . ]

MR. BUSH: Perhaps | could comment . We're in the
Pressure Vessel Research Committee and WRC Bulletin 200, which
is the object that Mike is looking at currenily has «

so~called industry position which represents mary, many man

‘'vyears of design practice put together in order to essentially

come up with approaches other than rigid snubbers in many
locations, the object being to get rid of about 90 percent of
the snubbers.

Furthermore, in recognition of the very point that
Mike made, the Pressure Vessel Research Executive Committee
has authorized us, the technical committee on piping, to in
essence re-examine Section MF of ASI'E~2 which has to do with
the design, fabrication and installation of supports with the

idea of making specific suggestions in order to optimize these
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designs . I think the genersal consensus is at this stage they
are far from being optimum.

MR. SHEWMON: Okay. Go ahead, Larry.

MR . SHAD The next subject is the pipe breaks. The
NRC position has been in the Standard Review Plan and Reg
Guide 1 .46 To posture a pipe break, for the pipe break area

we use the area of the pipe -~ so-called double-ended

guiilotine break . The pipe relrcation is based on the stress
criteria. The stress criteria for Class 1 piping, for
instance, is any stresses over 2 .4sm with a cumulative usage

factor of cver .1, one has to posture a pipe break.

But even though the stress number and the usage
factor is less than these numbers, one still has to postulate
two intermediate breaks and also, breaks at the terminal end.
Because of this position, they have massive Rpipe whip

restraints to keep the pipe from whipping.

So we feel this position should be assessed. Also,
we have new information that says a lot of piping most |ikely
will leak before break rather than have a full guillotine

break .

MR. EBERSOLE: Can you tell me what do you arrive at

for longitudinal splits?

MR . EBERSOLE: For longitudinal splits you go to the

area of the flaw. Area of the pipe.

MR . EBERSOLE: One cross~-sectional area?
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MR. SHAOD: Right.

MR. ETHERINGTON: Isn’‘t it two cross-sectional
areas”? It’s a double~-ended break or the equivalent for a
split.

MR. SHAD: The two cross~sectional. You could have
double~ended in two areas. 200 percent of the area.

Another area is in the load combination. Here, the

load combination means two things; one called event
combination and one is response combination. The event
combination are such as where the LOCA should be combined with
S5E, and these are called event combinations.

A response combination is a combination of stresses
and deformations. We feel that we have more information now.
| think certain positions we took in the past should be
modified in a few areas.

Other dynamic l|loads are those such as water hammer
load and vibrational loads. There are certiin questions Iin
our minds,;, should we accept the | inear dynamic analysis? What
should be the allowables for these dynamic loads? How do you
minimize th2 unanticipated water hammer? So these are the
questions which are to be addressed.

MR. EBERSOLE: There’'s been some interesting
exper ience recently where 400-pound systems have been
sub jected to 1100 or 2200 pounds and they have survivied. Are

there any positions about inadvertent excess pressures der ived
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from valve performance or valve malperformance? It’s turned
out that these things have held together

MR. SHAOD: You say the piping --?

MR . EBERSOLE: This is a coupling of the high to low
pressure systems. The inadvertent valve operation? Several
of these things have happened.

MR. SHAD: They happen and the pipes can take the
load?

MR. EBERSOLE. They hung together, yes

MR. SHAD: Usually the piping has more strength than
the allowable.

MR. EBERSOLE: Well, orne would |like to argue that
that was by intent rather than accident.

MR . VOLLMER: I think what you are referring to is
essentially sort of event B incidences really. But | think

what we're talking about here mostly are design requirements

and | don’t suspect that we will try to incorporate into the
plant designs the ability to accomodate an event | ike that .
MR. EBERSOLE: | was sort of putting it in the

context of a water hammer --

MR. SHAOD: It is very, very difficult to design for
water hammers . The only thing we can do is minimize the
frequency .

[Slide.]

MR. SHAOD: The apprcocach is to set up an NRC Piping
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Review Committee with participation from NRR, RES, |E, the

regional offices and other consultants.

[2lide.]

The sccope and cbjectives of this committee is to

raview zll the current requirements for both BWR and PWR
pipings. To review the domestic and foreign information, to
review all the operating experience that we can get, and the

objective is to make recommendation on where and how we can
change the provisions, and also identify areas where further
work is necessary.

[Slide.]

This is the makeup of t..e NRC Piping Review
Committee. We have a main committee with Vol lmer and me as
co~chairmen and Spence is the vice chairman, and we have two
taks groups on pipe crack and pipe break and seismic design
and load combinations.

[S)lide.]

This is the list of consultants we have used, and
they are supposed to be experts in material size, NDE,
fracture mechanics, seismic design, piping design and
structural mechanics. They have helped staff in doing the
evaluation and preparing position papers.

[Slide.]

We have worked closely with industry mainly because

the industry has done a lot of work in this area, and we try



to glean whatever information we can get from the industry.

In the BWR pipe crack area, we work with the BWR
owners group, we .ork with EPRI, GE and alsa, the ASME Code
Section XI

In the seismic design/locad combination/pipe break
area, we work with PURC, ASME Code Sections |1l and X!, and
also the AlF-related committees. By the way, there are two
subcommittees in AIF that are related to our area. They have
a subcommittee on seismic design and also a subco mmittee on
load combinations.

[Slide.]

How do we get the foreign information? In the BWR
pipe crack area we review all the foreign experience, research
information and positions. There was a CSNI meeting on pipe
cracks that was held in February 1984 in Paris. I think Dick
Vol imer, Spence Bush and Chuck Serpan attended that meet ing.

I think, Paul, did you go there, too.
Then we also have foreign experts to review our

draft report. We have people from Japan, Sweden, England and

Germany . I think Japan is Professor Ando from Japan and

Tomk ins of England and Professor Kussmaul of German and
deKaz inczy of Sweden.

They were here in the United States, spent a week,
reviewed the report and wrote up comments. I think they're in

the back of Volume 1.
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[Slide. ]

In the seismic design/lcad combination pipe breaks,
we also reviewed the foreign experience for research
information and looked at the foreign positions. In this
case, we sent questionnaires to foreign countries, and a lot
of countries answered our questionnaire. We also get
information from international conferences and meet ings. We
got whatever irformation we could get.

MR. BENDER: Are you going to sum up what the
foreign comments amount to?

MR. SHAD: Okay. In all areas or a particular area?

MR. BENDER: I thought you might say something | ike
in general, they agree with our approach but they have some
difference in detail in certain areas, or they disagree
sharply somewhere.

MR. SHAD®: Okay, let me summarize what they say
about pipe cracks first.

[Slide. ]

This is the conclusions about our draft report on

BWR pipe cracks. I think in general they feel ~-- even though

they feel the pipe will most likely leak before break, | think

they think it’s prudent to replace with material that’s more

resistant to I16SCC, This is essentially the conclusion of ocur

MR

SHEWMON - They also say, "we fee! that more
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elaborate and stringent rules should be laid down for flaw

acceptability.” The 20 percent rule on powerful crack size
they call into question some, so there are other things
[Slide ]
MR SHAO: These are the five reports we have
publ ished. We also sent a letter to Dircks, that’'s the
attachment at the end In fact, we're concerned the work of
the NRC Piping Review Caommittee has been completed. Now it’'s

up to the program office to write implementation documents and
review Reg Guides and the Standard Review Plan or make changes
in regulations

MR. SHEWMON: Thank you very much. Any other

quest iong?

MR. MICHELSON: Yes . Since this, | guess, is the
introduction and overview, let me tell you something that’'s
troubling me a little bit and then you can tel!l me if you're

geing ta talk about it later or how the situation is being

hand | ed

Your work is dealing strictly with pipes and
pressure boundary and how they might be supported and fail and
so forth. My interest is also in other components, though,

manhole covers, valve bonnets, pump flanges, things of this

sort, which are bolted connections and whose failure may not

follow the same kinds of thoughts that you have when you're

dealing with piping.
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Where are these other types of potential massive

pressure boundary l|leaks being handled, or how will they be

handled? Anybody want to answer?

MR . SHAD: Your comment is certainly valuable, but
it is not on the agenda today. I don’t think | can address
it.

MR. MICHELSON: | think before we start considering

rule changes and so forth, which are reaily addressing what
happens when it leaks, you have o consider the possibility
leaks other than a pipe leaking.

MR. SHEWMON : We will get into pump housings and
valve bonnets and elbows before the day is out, whether Larry
thinks that’'s on the agenda or not.

MR. MICHELSON: Okay. Because it’'s a part of the
picture when you start looking at ~--

MR. SHEWMON : Yes. Does this mean that the Piping
Committee looked not at elbows but only at straight runs of
pipe?

MR. SHAD: The only area we |looked at that’'s related
to your question is, we feel that a ot of positions back leak
before break . So the leak detection requirement is very
important . S0 we made the recommendation we should tighten
the leak rate criteria.

MR. EBERSOLE: But when you do a calculation or when

you consider the ways in which this can happen, do you only
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consider straight runs of pipe, or were elbows and valve
housings also considered?

MR. SHRAD: When you detect leaks, somet imes you
don’t know where the leak is coming from. So when you tighten
the leak detection criteria, you tighten the whole thing.

MR. SHEWMON: Good . When you do leak before break
analyses, do you only consider straight runs of pipe?

MR. SHAD: And elbows, too.

MR. SHEWMON: Well, then, do you consider the
flanges and housings and components he is talking about?

MR. SHRAD: No, we don’'t consider those.

MR . SHEWMON : S0 you consider only straight runs of
pPipe.

MR . SHAD: And elbows .

MR. SHEWMON: Okay. Elbows . Well, you're halfway
there.

MR. BENDER: Do you want to ask about T’'s?

MR. MICHELSON: Also, some utilities have used some

interesting expansion joints and so forth in lower energy

systems which don’t fail the same way that a pipe fails.
MR . SHEWMON : It'’s a good question. Bring it up
again Are there other questions?

MR. EBERSOLE: This business of putting pipes into
one common basket bothers me a little bit. | can’t get

pxcit.d about breaks of the primary looping piping, but when
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you start talking about extrapolating your break logic out to
service systems and then disregaring the dynamic effects of
that, you run into this problen: You experience the failure
By disruption of some sort, splits if you want to it that way,
and as an end result of that, you disable the counterpart
systems which are servicing the plant to keep the core cool.

What is suggested here is that you're not going to
ook at the dynamic effects of such damage to support
systems Is this true?

MR. SHAO: This is not true. The position we

recommend is you can use |leak before break only when

justified The position is stil! the same unless you put
evidence to justify leak before break. So far, we only got
Justification on some of the primary piping. We don’'t have

any justification on secondary piping vet.

Suppose somebody says, | do all kinds of research, |
do all kind of analysis; | can show you leak before break.
And if staff reviews it and we agree, then ockay. If we don’t
agree, they have to posit a full break again.

MR. SHEWMON : We are not dealing with in-service
water systems today or in the proposed rule changes.

MR. EBERSOLE: You'd be dealing with main feedwater
piping, wouldn’'t you?

MR. SHEWMON : I don’t know.

MR. SHAD: The position is good for all piping. But
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remember, they can only propose leak before break when

Justified.

MR . SHEWMON Is the feedwater system part of that
place where they will use it, or not?

MR. SHAD: Yes. They can use it if it’s Class 2
piping

MR. EBERSOLE: You understand what |'m saying? A

feedwater system failure can disrupt the counterpart feedwater

system

MR SHAD: Yes . But obvicusly, | can’'t use leak

before break on feedwater systems They have to do a lot of

analysis for evidence to show that this particular material

will leak befaore break.
MR SHEWMON: Well, bring it up again.
MR. JOMHNSTON: Mr. Chairman, those topics will be

covered later because you're asking Larry questions that have
to do with how we approach the licensing aspect of it, which
is not really the function of the caommittee. Others will
cover that later today

MR. SHEWMON: Fine.

MR. BENDER: | want to make a comment about Carl'’'s
question. I think that piping really is one of a number of
components, and he suggested a bunch of others I don’t have
any real concern about what the staff is suggesting here. It

seems to me that for the purpose of having some consistent
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argument about system reliability, you really just have to

look at whether the criteria that are being set forth are
consistent with the criteria in other parts of the system.

My perception is that the leak problem is more
serious in parts of the system that Car! has talked about.
But taking some of the conservatism out of this component
doesn’'t seem to be inconsistent with that argument .

MR. SHEWMON: Any other questions? Fine, thank you.

MR. VOLLMER: Before we leave, |'d |like to make one
comment with respect to Mr. Michelson's comment There is a
fair amount of activity going on with respect to belting.
It’'s being considered now as a generic safety issue. The
staff is working with a number of industry committees on this,
and | think the staff shares your concern that bolts can
contribute a lot of problems with regard to safety piping both
pulling cut of walls and separation from flanges and valves
and things |ike that.

So it wasn't really considered part of this
charter . Perhaps the ACRS would |ike a separate briefing on
the subject because | think there’'s a fair amount of work that
could be presented.

SPEAKER I think the whole point is, though, before
reaching a decision on the rulemaking, one has to look at more
than leaks coming from pipes.

MR. SHEWMON: No I1f you're concerned about piping,
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then whether or not the bolts are an additional concern is a

separate question

MR. MICHELSON: Well, the concern | have is that the
rulemak ing was written far broader than ~-- it was not |imited
Just to the failure of pipes alone In fact, they didn’'t even

define what they meant by piping rulemaking So | had a
little problem with it You know, is it expected to light the
leaks from pipes, and if so, then how are the rest of the
leaks being handled? It isn‘t clear in the rulemaking We’ |
get to that later, | assume.

MR. SHEWMON: Okay. Spence?

MR BUSH: While he's setting up the sl ide projector
| could comment that Section X|, for example, recognizes and
has expanded the situation with regard to examination because
there have been some distinct anomalies in this respect.

There are new sections to the Code, there are new
appendices to the Code, in an attempt to address the situation
so that you have, shall | say, earlier warning than you have
now Now, that's only part of the picture. But probably Baob
Bosnak is closer to it.

I don’t think we worried too much about bodies and
heads unless you get ercosion fabrication problems because the
usually the design safety factor is provided. But | think
you're really concerned with release, cracking of enough bolts

s that you could have a release aspect, which gets back to



the bolt situation

MR, MICHELZ20ON: There’'s one more aspect, though,
that |'d like to think about a little bit and that is how will
expansion joints be handled with the situation, since they
behave failurewise considerably different.

MR. BUSMH: In advance, | think | should indicate
that these sl|ides are based on NUREG-1061, Valume 1.
NUREG~1061, Volume 1 has now been on the streets for more than
a year, and | think in the case of some slides, | would |ike
to show you where positive progress has been made. In aother
words, where there’s a concern listed and an action has been
taken to partially or completely resolve the concern | will
attempt to indicate it at the time, even though it doesn’t
appear on the s!ide

[S)1ide. ]

Basically, most of the concern in this report on
stress corrosion cracking dealt with the recirculation system
because of the incidents that occurred. And there, the

subcommittee did examine what had occurred since the last

report on PWR pipe cracking, and the Persine report which was

1979 on BWR pipe cracking, and decided there were no obvious
trends with regard to PWR’s and with regard to BWR's the
action was all or the larger size piping and the recirculation
system. S0 the decision was made to |imit the charter pretty

much and the scope to that area.
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So it would be the piping that yvou see here in the
risers, so we're talking of piping that runs 26 to 238 inches
in diameter with risers of about 20 inches and some
attachments that are somewhat srnmal ler. That’'s the scene of
action.

LSl ide.]

This 1s an out of date slide in the sense that it
was action at the {ime of the event. It indicates
examinations that have been done, how much of the systems have
been examined in the research system. Obviously, other plants
in the interim periocd have taken positive action with regard
to coverlays or replacement

[Slide.]

This is simply an example of the type of crack that
can occur . This is one of many types. You can get multiple
branching They can have a very narrow crack front
representing a small fraction of circumference, or a small
distance axially, or they can be very long. In some
instances, they can go 360 degrees.

[Slide.]

These are the critical conditions leading to stress

corrosion, and basically you rneed all three of them to cccur
for I1GSCC. High stress, sensitized material and agressive
environment . Our concern in this instance has been almost

axclusively in intergranualr stress corrosion cracking as
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contrasted to transgranular stress corrosion cracking. That

means that you need the heat input from the weld to sensitize

the heat-affected zone. Your cracking will then occur in that

region and continue up through the heat-affected zone.

Some of the concerns that we’'ll see later in the

fracture mechanics area have to do with a crack of substantial

length that may simply move over into the weld metal . This is
a relatively rare occurrence. From a stress corrosion paint
of view it will only occcur when you have very low delta

ferrite, which means that you have a poor weid to start with.
Normally, the delta ferrite would have to be below 2 percent,
more likely a half percent However, there are mechanisms;
fatigue being one, where you could have a crack that would
progress halfway through the wall and then could move into the
weld. One of the concerns that you’ll see later and 1'1] cite
with regard to I1WB-3640 relates to this issue.

The aggressive envirornment . That’'s a relative
term. Agressive environment in this case simply indicates if
you have some oxygen in your water in a boiling water reactor
that’'s enocugh to be aggressive in this instance. So you don’'t
have to have anything of great severity.

[Slide.]

This is a three dimensional plot of the same thing,
simply showing that it basically would indicate the type of

diagram that one would use to establish the impact of



10

11

13

15

186

13

19

20

an

4 4

23

24

a5

a7
contaminants such as oxygen, sensitization or total stress
|evel .

[Slide.]

From this point on, 1’'l| be dealing mainly with the

conclusions and recommendations, specific aspects that were
developed within the report. Here’'s a rather specific one.
In essense, it states we may not be able to depend on one
factor alone and so you should consider two; |f possiblg. all
three of them. Going back to that diagram. You should do
something about the material, preferably change it if you can
and that has been done, of course. You can control your water
chemistry in terms of coxygen and other ionic species that are
present . And you can hopefully minimize the stress by the use
of some stress reversal process such as induction heating
stress improvement .

[Slide.]

Here’'s one that deals with explicitly with water

chemistry. You’'ll note that it suggests a reduction of the
levels of ionic species as well as the control of oxygen
There’'s been some work done in this area. One of the things

we don’'t know is could there be adverse side effects if you
change the water chemistry. There’'s work here, there’s some
work in Sweden, but one has to ask in the long term could you
have adverse effects and we don’'t quite have the answers but

certainly it appears to be very promising in this respact, and



certainly it warrants examination It has a very definite

Plus in that this approach would not only minimize the problem
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of intergranual stress corrosion but it would probably control

or eliminate transgranular stress corrosion in the rare avent |
that such occurred
[Slide.]
Induction heating stress improvement . The 1HSI| is
generally considered the more efrective method than heat sink

welding, which means that you are using a cold sink such as

water inside after you've made a few weld passes, or last pass

heat sink welding which is the LPHSW. It’s more controllable
in some respects; it can be done after the fact, and many
planrts have, indeed, used this

I might mention in pass ng that there was a valiant

battle fought to try to get this one in the Code, not so much

that it’'s necessary in one context, but to establish what |°'d
call controls, but we finally, as they say in the pipe game ,
threw in the towel . In the last main committee we decided

that there’s no way of getting over six or eight -~

In any event, if you can reduce the residual stress
you will certainly help yourself a great deal
MR. ETHERINGTON: In the hydrogen exper iments, have

we any information on how much increases of hydrogen the steam

vents?

MR. BUSH: There have been controlled exper iments at
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Dresjen and |'m almost certain that these have been measured,
Harold. | would guess that Bill Shack or one of the others
have been keeping up | confess | haven’'t kept up to this
degree .

MR. SHACK: Could you repeat the question again?
They hydrogen comes out as ammonia.

MR, ETHERINGTON: On the hydrogen exper iments, how
much of the hydrogen ~-

MR . SHACK : Well, it comes out in the form of
ammonia combined with -~

MR . SHEWMON The answer s apparently not at all
far hydrogen .

MR . SHACK Not hydrogen as a chemical element . It
comes out combined with ammonia and gives you some increase.
You get it in the PUR but it's not in a volatile form.

MR ETHERINGTON: There is hydrogen in the steam,
though, isn’t there, because we've had explosions

SPEAKER: VYou're correct, there's hydrogen.

(8! ide ]

MR . BUSH: This slide relates to a caveat There's
a substantial ignorance factor in it and that is that the
preference is that if you're going to use induction heating
stress improvement you use It in a material that doesn’'t have
cracks in it But the ideal time would be, say, at a

near-term operating |icense The facts of life are you can’'t
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do it because you have plants that haven’t been ocperating.
And this simply establ ishes the caveat that if you're going to
do IHS! and you have pipe that is known to be cracked, it is
desirable to minimize the crack size before that because of, |
call it, unknowns . It may be a proble; we can’'t assess it
You do a fracture mechanics calculation and you are somewhat
in a naver-never land down there. So it is simply, | would
say, A conservative position with regard to this.

Among other things at this time, there is the

concern about well, when you detect a flaw you can measure
the length fairly well, but we have little confidence in the
business of depth sizing. And | will address this a little

later more explicitly.

(S ide 1

The other answer, of course, is to tear everything
out, and that has been done in a number of plants now
They've simply taken the recirculation system out essentially,
and put ancother material in. The suggestion here is the
preferred material would be R16NG. This was based on loocking
at what information was available and making a decision as to
2186 versus 347NG or 304N6G or, of course, raverting to the low
carbon grades which have been used in the past, which posed
srobiems because of the lower strength allowables That means
you have to beef up the wal!, so0 you run inte a situation

there



d comment that the Germans did do just this
When they had cracking, they took out all of the pPiping and
haps Iin this country one reason that the 247

hasn'’ been pursued is that there were bad experiences back in

the 1950's in pDlants such as Purex and Redax and other places

where there’'s a lot of weld cracking And | think people
still hark back to that They haven’'t had the same problem
with the 216NG
this simply suggests that this is an approach,

and it appears that it will eliminate or certainly take very
special circumstances to have inter granuiar stress corrosion
cracking I would comment that th.s does not scolve the
transgranular problem the event that such should occur, but
that requires very

Slide. ]

MR SHEWMON Spence, one

Shack has done it
Quite often
MR SHEWMON But f we go back 10 years
we can say that what you're saying about 316NG is exactly what
GE was saying about 204 And what you say against that is
that the Japanese have good exper ience Do they have enocugh
years of experience to say whether it's | ke ly? | guess they

don’'t have the |ife o plant exper ience vet




MR BUSH n The Japanese, Iinterestingly enough,

have had a few sessions on this and this is very interesting

because they generally are very careful in what tany say

They state unequiveocally now they have no stress corrosion
problem ~- intergranular stress corrosion problem To arrive
at a statement as definitive as that from sSomecne up n the
Japanese hierarchy indicates to me that they are quite certain
of their situation They have had transgranular cracking, and
this has occcurred in Japan It was a very special case with
severe cold weather I am unaware of validated cases of
intergranular cracking in the nuclear grade material

MR SHEWMON All of their plants would then be
stress adjusted and new piping or new material?

MR BUSH Yes Well certainly, they have new
material and | believe generally they have tried to relieve
the residual stresses or reverse the residual stresses
not know of any action on their part with regard to water
chemistry In fact, the last time | contacted them in this
area was several months ago, and my fee! ing was they were
not pursuing this one at al|l

MR BENDER Spence, jus a question that Paul
asked, about what the real! duration of exper ience is What is
the longest equivaient exposure”?

MR. BUSH In these grade materials?

MR . BENDER Yes Do you have any feeling for it?




MR BUSH I don’'t know John has his hand up, or
IS he just sitting there? Il don't think he did This is
his area
In actual plants, | think we only measure ~~- the
actual experience in Navy non-nuclear applications it goes
more I think we have to recognize that all we’'re talking of
here really is a carbon precipitation, and we do have many,
many years of experience with the low carbon The only
difference in this instance fundamentally being that we have
stuck nitrogen in to give wus strengthening So if we talk
about the ELC grades, | think | could probably cite 20 or 20
ence in various industries under environments
a5 aggressive or more so than this, where we see
no intergranular stress corrosion factor
ially none to my knowledge
S |

20 believe that the experience in this respect is

positive | have to do it, you realize, by analogy | can’t
say | can point to a 316NG at a iclear plant and say | have
SO many plant sequential years of the thing, but | can by
analogy use the others And in this respect | think one can
derive a substantial level of confidence Yes, Milt?

MR VAGANS Milt Vagans, Materials Engineering

Branch A lot of their evidence is also from a fairly

extensive research program where they’'ve had not only

laboratory specimens but simulated loop spec imens and in-loop




test ing where they tested the standard Z04NG, and in avary

204 has cracked In every case s o cases have
they had any cracking in their nuclear grades And that's
really the biggest part of their statement

MR SHEWMON Fine Well, we’ll watch it Maybe a

us will still be here when it starts to crack

CLaughter . ]

Go ahead

MR NESTELL James Nestell from MPR Associates here
in Washington | know for a fact that many nozzle safe ends
with low carbon or extra low carbon grade were replaced in the
mid-seventies when sensitized safe ends became a concern Aand
| know for a fact that at Peach Bottom, three safe ends are
cracked, and that'’'s 02 carbon material Or less

MR BUSH There have been some, | agree
==~ generally at the low grades there isn’'t very much Because
I also remember some of them, in fact, in about three months
at Nine Mile Point but they were higher carbon

[Slide.]

This again represents a conservatism with regard to
the length of the cracks, and fundamentally the concern here
would be the circumferential length The axial cracks as such
tend to be self-limiting They run out of the heat-affected
zone, they run into the weld, and therefore, they're quite

short The circumferential cracks have rno such limitation




they can measure 10 degrees, they can measure =20 degrees and
in some instances they're reported to be 260 degrees And
what this i ssence states is that because of the lack of
confidence in sizing ~- and the SIZTIing Iin this instance has to
do more with the depth S1IZTing -~ if you put a link there then
you will not exceed a stable condition

In other words, you could make a calculation
assuming the crack is through-wall, place all of the necessary
dynamic and static loads on and still show that your crack
essentially i ; 2 That's the purpose of this particular
statement

And this tends to be joint-specific because some
will have higher loads than others

(S1lide. ]

This cites IWB-3640 which is a section of ASME XI
| would indicate briefly this reverts back to 1979 when we
wrote the NUREG having to do with BWR pipe cracking and it
actually reported foreign experience, one of which was the

case of cracking in a German reactor which resulted in their

replacement with 247N6G Knowing that both the Reguliatory

Commission and the ASME Code tend to operate at paces that are

somet imes snail-like, | decided we should start action, so we
began to develop something
Now, | think you should recognize that I1UB-23840 and

Its supporting Appendix is not considered to be a permanent
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fix It has one and only one purpose; that is, to buy time.
1f you find cracks and you need to go ocut and buy replacement
piping, it’s not something that you do aovernight and this
would permit you to buy perhaps a year, or year and a half ar
so of time while you’'re gathering your material and taking
other necessary action. That was the purpose of IWB-3640. It
can be interpreted differently but that was the original
intent .

This states that it was adequate. There were
reservations. | could bring an update. Many of the
reservations had to do with the situation with regard to a
crack running into a weld. The other aspect of it, of course,
had to do with the inability to adequately depth size the
crack .

With regard to depth sizing, there are other s!ide
on it, but | would indicate that a great dea! of work has
occurred in the last year. I am not 100 pe?cent convinced at
this stage but | will say that they are getting good results
on depth sizing at th's stage. They're also getting good
results on sizing even though overlay cladding, which | didn’t
think would be very feasible. That's one aspect of the
situation.

The other one had to do with the properties of the
we ldments It was recognized rather belatedly that the notch

toughness of submerged metal arc welds and submerged arc welds
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were dramatically lower than is the case of tungsten inert gas
welds in base metal . It may run below 50 percent.

In fact, while we were writing this report, there
were exper ments being conducted at the Tayien Basin that
did indeed show there was such a change.

A very brief status report: after two or three
iterations, finally a position has been developed resulting in
new tables, still using the same approach which is |imit
load, dealing explicitly with the submerged metal arc and
submerged arc welds.

This has been discussed at considerable length with

the Nuclear Regulatory Commission, the appropriate portions of

the arganization. It passed Section XI|. It went to the main
committee on the 2rd of May. There were no negative votes at
the main committee, no oral negative votes. There was one
person who didn’t vaote at the time. | have not seen the
results of the letter ballots yet, but | think there’s at
least a reasonable probability that it will pass at this time.

MR. SHEWMON : What passed? The acknowledgment that

the toughness is one-hal{ of what they thought it was?

MR. BUSH: This is a completely revised position

that incorporates tables explicitly dealing with the submerged

metal arc. So what you now have is the table that covers the

normal material, tig weld or base metal in the normal and

upset modes, and the same thing for emergency in faulted
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conditions, and there are comparable tables developed for the
less tough weldments in there. And it’'s given, in essence, in
terms of the permissible depth of flaw that can be handled
under those circumstances.

MR. SHEWMON: When you've got a sub arc weld then
the flaw has to be ~-- you can have a smaller flaw and you can
still operate with it, or what?

MR. BUSH: That's correct. That's exactly what the
situation is. In other words, the lower toughness is taken
into consideration in there, so your flaws, your acceptable
flaws will be consistently lower in value.

NMow, since they’'re a function of the length of the
flaw and the load conditions, about all you can say is they
will all be less to a substantial degree. Now, that’'s right
across the board

MR. SHEWMON : And less is ex«pressed partly in length
and partly in depth.

MR. BUSH: Yes, that's right.

MR . SHEWMON : S0 we're back to whether or not the
depth means anything

MR. BUSH: The depth is the controlling factor. AsS
| say, we have increased confidence in the sizing. As | say,
you might say that the jury is still out to a degree, but
there certainly has been marked improvement over the last six

months in that respect. And with regard to this, --
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incidentally, the sizing is not very good at or below 15
percent. But that’'s an academic issue because we don’ worry
about flaws that are that small . They aren’t the issue.
The sizing seems to be quite good when you get up
above 15 percent and on up in the range you're concerned with,

which particularily in this instance is arocound 40 or 50

percent .

MR. SHEWMON: Okay.

MR . RODABAUGH : Spence, Jesse made a comment |
thought was very pertinent to what we're talking about. He

said that due to leakage of a valve, the downstream piping got

up to what, three or four times the design pressure?

MR. EBERSOLE: Yes .

MR. RODABAUGH: There have been lots of first tests

run which would show that that’'s to be expected four times at

‘least in Class 2 and 3 piping.

Rather typically, a piece of piping would stand six
times the design pressure. Now, what bothers me is | see here
when we have a cracked pipe, we have an advertised factor of
safety on the normal conditions of 2 .77. Well, this is not
too far off the Class 1| piping practice, but Class 2 and 2
piping practice the aim is to get a factor of safety of 4 on
pipe ruptures. It seems to me the factors of safety are too
| ow .

MR. BUSH: What we're talking of here, you realize,
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is essentially Class 1 piping

MR. RODABAUGH: Well, you see you’'ve broadened your
discussion by talking about the feadwater piping, steam
piping.

MR. BUSM: Not talking in this context . In other
words, if it were feedwater piping | would worry about thermal
conditions, | wouldn’'t worry about stress corrosion. After
all, you're talking about ferritic piping, not feedwater
piping. So this is a stress corrosion problem in austenitic
stainliess steel .

MR . RODABAUGH : Well, if someplace along the | ine we
make it clear that |WB-3640 is intended for Class 3 piping
only -~ and even there | think the factor of safety is a bit

on the low side

Not Class 3, Class 1, |'m sorry.
MR. BUSH: | recognize your point or the thing. As
I say, this is not a permanent fix. You also realize that as

soon as the flaws get up to about 40 percent, the action has

been taken to jack up the wall thickness by a factor of two aor

more . And so now, it’'s an interesting design calculation but

in the region that you’'re concerned with, namely, about six

inches, you have twice the wall thickness. So you now have to
ask yourself how will that respond to load conditions.
I think the general feeling is that it will respond

favorably . In other words, it won’t do much. But you have a
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valid paint The intent, of course, ~- this was develaoped

primarily for the primary system.

[Slide.]

This again represents conservatisms. In essence,
what you're doing here is simply saying all right, if |’ve got
a through-wall flaw it can be only so long circumferentially.
You put your factor of safety on there. Part of this had to
ao, again, with our ability to evaluate these. You’ll notice
‘'t talks about the SSE lcading conditions, limit load analyses
as well as the maximum crack length.

An important one here has to do with a crack length
that would result in a leak rate greater than the normal
makeup capacity. And notice also, it’'s modified according to
the SECY document, in this instance with regard to the
criteria

In essence what this would come down to when the
report is written it would be a circumferential flaw about
roughly 25 percent of the circumference. That would be the
permissible length.

MR. BENDER: Spence, to use this criterion you have
to have some understanding of the rate at which the crack is
growing in length.

MR. BUSH: That'’'s right.

MR . BENDER: And | 'm not sure that | 've heard what

the basis is for projecting that rate.
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MR. BUSH: Well, we don’'t know that much about that
aspect, prabably. In fact, that’'s one of the never-never
lands . | would mention in passing in this respect that many

of our so-called long flaws, the ones that were reported as
being long flaws, some of the utilities decided well, are they
really long flaws or not. So in some instances they brought
in teams using special techniques; some from Germany, some
from the States. They actually, on the so-called 260 degree
flaws, went in and used the more advanced techniques and
reported no flaw. You had an artifact. You had a loop
condition

They went further than that; they actually looked
and sure enough, no crack. S0 my suspicion at this stage of
the game is that apparently, a substantial percentage of our
so~called long flaws, the ores that are close to 260, quite
probably are artifacts

MR . BEMDER: Well, | wasn’t trying to argue -~-

MR. BUSH: Bul that doesn’t address your question

You're really concerned if |’'ve got an arc of 25 degrees, how
long will it stay at 25 degrees
MR. BENDER: The staff, | know, is going to try and

make some argument that says the frequency of inspection
relates to the length of the flav. And that means that if the
flaw has been observed to be a certain length, the frequency

with which you look to see whether it’'s grown or not has to be
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adjusted somewhat . | don’t have much of a feeling right now
as to how that criterion is going to be applied and | was
hoping you might tell me.

MR. BUSH: Well, B D Liaw is sitting back there and
I think NUREG-0213 addresses it in part out only in part.
Rev. 2 is aimed at answer ing some of that, but not all of it

MR. LIAW: B.D. Liaw, NRR Staff. The growth rate in
the test data provided by GE and Argonne means that we can
find a problem and recognize that there is some kind of
certainty and that’'s why we feel uncomfortable with regular
inspection frequency as a result. Therefore, before they
replace the piping, we do augmented inspection. Aand the type

of growth rate that industry ought to consider in evaluating

the growth of the crack will be included in the forthcoming
document .

(Sl ide. ]

MR. BUSH: In essence, this s!ide has one message;

that is, that axial cracks as such don’'t represent a major

prob | em I think that is the general consensus now. Most of
them that | have seen have been measured

MR SHEWMON : Before you leave that one, | have
heard of the ~- the erosion problems | have heard of have
always been in steam | ines where there is |ikely to be
two-phase flow around elbows Has there been any cracking or

erosion or thinning of elbows in primary systems that you have



a4

1 ever heard of?
‘ 2 MR. BUSH Well, most that | have heard of that's

3 been severe has been where you have two phase Because when

a you have wet steam, it’'s a lovely cutting me '.anism. | would

S imagine that there are certain conditions in turbulent flow

5} where you could get some wall thinning but |I'm not aware, at

7 least in my library of failures, of explicit cases where

3 there's damage. I'm not saying It can’t occcur. Most of the

a bad ones | know of all have had to do with wet steam.

10 MR. SHEWMON: VYes, but the question of axial cracks

1 always comes up and what you say is quite correct; that you're

12 talking about an axial crack in weld metal And | was

12 wonder ing whether thera were any other axial ones, but | den’'t
. 14 know of any others, so0o go ahead.

15 MR. BUSH: To answer that one, there have been axial

16 ‘cracks. There have been a few cases of transgranular cracking

17 where they were not related to weld metal that have had an

18 axial orientation That was a very special case; it

|

19 represented kind of a mistreatment of the material in severe

20 cold warking in the lccalized area And | don’t think It was ;

a1 related necessarily to operating modes either; | think it was ‘

22 conditions of the material

23 L[S ide ] ‘

~a This simply says that what we had in the Code wasn’'t
. 2% any good But we generally agree to that The Code Case

T S e
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N-235 is on the street, is being used. There's ancther code
case that amplifies on it. And expanding on this, there’s

been very substantial action over the last 12 to 15 months in

this area within industrial, within the Code groups, within

the Nuclear Regulatory Commission, and they're looking at
factors such as the human variable which is recognized as a
significant one in this type of an examination. They're
looking at the business of improved and consistent techniques
that cculd be used; not necessarily going to totally different
techniques . Defining procedures.

And as a result of this, | would say the probability
of detection of cracks when they get above about 10 percent or
SO is now quite high | would not say it's 95 percent but |
would say it’s probably close to 85 or 90 percent . The
probability of sizing is not that good. It’s variable. It's
still very strongly dependeni on the individual The length
is not bad; that's fairly easy to size The depth still is a
problem, however some of the teams that are going through the
sizing exercises now down at Charlotte, my understanding is
they're doing quite wel The only problem is that one team
will do very well and the next team won’'t do so wel |l S0 we
still have a ways to go.

(Sl ide. ]

This simply says that we need to do more in this

area, and that's just exactly what | was talking about
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believe we're making progress but | don’'t think we're there
vet . But we are a great deal better off than we were even a
year ago.

[S]lide ]

This again talks about personnel and procedure
qualification Again, positive work i< being done there In
this respect, | might mention | have a new hat |’'m wearing
now; | descended, | guess, to the throne or something | ike
that, by difference of their Section X1 |’'m now the Chairman.
And we reorganized in recognition of a major effort in the
area of non-destructive examination. We've now raised that to
a subgroup status. We have a whole series of task groups.
They meet, they’'re very active. On Monday you wander around
and you’ll see 20 people in this room and 20 in that and 15 or
20 in another room, all working on some aspects of this
business of personnel qualification, procedure qualification,
et cetera.

The effort is belated; it should have been done some
years ago | recognize, but at least | would say substantial
progress is being made at this time.

MR. SHEWMON : We're talking about personnel for NDE
work Is that right?

MR. BUSH: That's correct.

MR . SHEWMON : And pretty soon Glen Reid will get at

you and talk about how maintenance people should be chosen, or
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something.
MR. BUSH: | washed my hands of that matter as being

a non-expert .

[Slide.]
In this area, this is a recommendation. | was at
Charlotte about three weeks ago for other reasons. They were

having a workshop at the time and | was getting feedback. I
didn’t participate in the meeting but | was getting positive
feedback that they were being quite successful . Nuite
frankly, a year agc if |'d been asked the question | would
have said, | don’t think they’'!|l do that well.

Again, | suspect there’s a substantial variability
factor here but they’'re doing better than | would have
anticipated as of a year ago.

MR . SHEWMON Is the outside of this repair work
we |ded? I'm sorry, ground?

MR. BUSH: They‘'re doing very little with regard to
the surface. B.D., | think you had a comment .

MR. LIAW: Let me add something. NRC, IE
headquarters, NRR and the regions have a |list of all qualified
examiners who have passed the qualification test at
Charlotte. So the first thing an NRC inspector checks when
someone comes to inspect pipes, is to see whether that person
or persons are on the list. Aand we keep track of well they

perform in terms of detection.
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MR. SHEWMON: Okay.
MR. BUSH: We're making progress One has to
recognize that when an examination is done where you have, you
know, a reasonable timeframe, it may not be the same thing you

do when you're in SWP clothes and hava a substantial number of

we lds . But again, | believe that program is recognized and |
think we’ve been moving up the curve to a degree. As | say,
I'm still not satisfied but | feel we are making progress.
[Slide.]
This one is very difficult to read. It’'s the
summation of -~ and there is a handout there -- of things that

should be done in the research and development area such as
more reliable manua! UT inspection methods, automated UT
equipment Number one | think is done. Number two is slow.

Dimensioning flaws ~- progress is being made.
Inspection techniques for detection and dimensioning by weld
overlay, | mentioned that already. The aeffect of detection
characterization after doing stress improvement ~- | have seen
no data on that to date.

The next item on transfer methods | will pass over.

Austenitic butt welds on metal ~- that's to get
through where you only have one-sided access. Again, we're
not making too much progress in that area It’s a difficult
problem ID cladding ~~ that’'s reliability of advance

techniques
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Every one of these areas, with the possible
exception of the transfer method, is being investigated and in
some instances substantial progress has been made.

[€) ide.]

This gets back to the qualifications of operators;
the item that B.D just mentioned. You have to complete the
course based on a statistical sample. Additional classroom
training once a year These are suggestions; ﬁou.v.r. I might
mention that the Code is moving in this direction to
essentially establish national cartification.

UT procedures should specify the equipment to be
used and the procedure combination should be qualified, and
the deficiencies in the Code should be corrected And |

believe we are making progress in that area.

[Slide. ]

Calibration blocks ~- these are suggestions for
improving the Code. That's been worked on. Calibration
reflectors ~- that's pretty we!l set out They have conformed
to other angles including L-waves, usually 70 degree They
are doing beam spread correction and |’'m not sure about the

skewed scan situation where you have an off~-|line crack.

That's a very difficult situation. And they have moved away

from the 50 percent DAC to a more realistic value, say 20

percent .

[S)ide. ]
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This has to do with experience -~ | bel ieve you ' ve
seen most of this It talks about centrifugally cast, which
is not a matter for here It indicates again that the minimum

requires of Section X| are inadequate, and we recognize that
It alse indicates the difficulty of going through a weld to
make an examination of the other side That's simply a loss
of signal problem

The operator variable is cited in here These
factors essentially were mirrored in the previous sl ide and
actually is being taken in almost every instance.

[S]ide ]

I think this is a very significant suggestion or
recommendat ion The ocperating exper ience and the fracture
mechanics both indicate leak before break is a most likely
mode of piping failure, And in essence it states that thaey
recommend that the Iimits on unident i fied leakage in BUR's be
decreased to three gpm and that the surveillance Interval be
decreased to four hours or less

I would indicate in passing that before we wrote
this we locoked arcund and we found Indeed that there are some
utilities that are doing this or better at this time, BUR's
S0 it's not an impossible task te do It abviously represents
some restraints Some are at least at 24 hours, but the
faeling here is that - wall, this one has more teeth than

many but | would say this is & very substant ive
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MR BENDER Spence, If | were a PRA guy, which |'m
not, | would be asxing the question of what is the |ikel ihood
of a double-endaed pipe break in terms of its frequency of
cccurrence, based on this kind of argument How has it
changed over the period as a result of this program? Do
pecple try to ask that question?

MR BUSH: Ve talked about it In this material,
one of the problems you have is your |leak rates, your
throughwa! !l cracks In this area, you're often talking of
leakage that is in the terms of 000% or 0004 gpm That's a
rather small rnumber Obviously, It takos quite a while to
detect it

Now, there are certain techniques ~- activation
monitors, things of that nature will pilek up such activity

You could use sensitive strips Iin there, you could use

acoustic emisslon But !hos.‘.ro pretty special things Yaou
cartainly would not find a small leak |ike that
The situation here is ~~ and all |'ve found g -~

that generally, you can have leaks where the rates of growth
are sufficientiy slow that they get a littlie bigger, a little
bigger and a little bigger The closest one | can aver think
of was the Nine Mile Paint situation which was a combination
of bad design and sensitized steel where, you know, they lat

the vessel grow and put a bending moment on the pipe, which
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was never Iintended. And in that case, we had a pretty good
size crack

Otherwise, there have been cracks up to 60 percent
through-wall 360 that just kind of sat there. One of them
went all the way through. S0 on a PRA basis, the numbers
depend on your input assumptions.

MR. VOLLMER: Let me comment on Mr . Bender's
quest ion We did take a look at this in Volume 1 of
NUREG~-10861 and found that if you use the best numbers we have
available from pipe breaks for accident analysis or overall
risk, one can’'t justify on a cost-benefit basis doing much to
the piping systems of BWR's. S0 therefore, the scheme that we
have used s one which would encourage utilities to change out
pipes that were bad by saying once it is cracked, basically
you have to keep augmented inspection, and try to encourage
them, for piping that is sound, to move to mitigation by
hydrogen-water chemistry and stress improvement techniques,
and again, get them out of augmented inspection

S0 If you just take a look at the cost-benefit of
mak ing the changed piping, it will never hack it. So that's
why the recommendation on the short and long~term program to
the Commission did not have any real specific requirements in
terms of replacement of material, but rather they’'ve been
oriented toward leak rate requirements and in-service

Iinspeact ion requirements
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MR. SIESS: | heard a couple interesting answers but
| didn’'t hear anybody answer Mike’'s question. Does that mean
we don’t have any PRA types around? Mike says what's the
probability of a double-ended pipe break

MR . VOLLMER: With this material it’'s very low

MR. SIESS: Now, actually there’'s two questions.

One is, what's the probability of a double-ended pipe break,;
the other is, what’'s the probability of a double-ended pipe
break without leak before break.

Now, it seems to me the second one is the one you
got around to addressing, am | correct?

MR. SHEWMON : You give us the data base where you've
got several datapoints and then we’'ll calculate your
probabilities.

MR. SIESS: Well, on historic probability, you know,
you can still take so many yvears and end up a number .

MR. EBERSOLE: I would just plead for a hard look at
the system aspects of this. And to extrapolate a little bit
what | said a while ago, you know, NRC Staff puts heavy

dependence on this simple redundarncy, the single failure

criterion Not to include these things that do happen | ike
this over-pressurization of low pressure systems And
therefore, one time over~-pressurization | think ought to be
cons idered . And | think most of this rationale here is based

on the nation that yvou have a pipe under constant pressure.



D]

10

1

12

13

14

16

17

18

19

20

a1

54

Whereas, lots of our pipes are standing on the backside of
valves under no pressure at all and it can proceed to crack
and you don’'t have any leaks until you put the Inad on it.

MR BUSH: Well, not necessarily, Jesse. You can do
both . You can get what | will call pure stress corrosion
cracking. And | don’t like to use that term; | usually talk

about corrosion fatigue, because almost every system sees

cycles of a varying degree, and so | think you have to

cons ider them as such.

I think what we have here is the materials are

pretty doggone tough, and you admittedly might get into the

situation Chet mentiocned where you get wall thinning down to,
you know, 10 percent by some highly improbable mechanism where
everything grew at exactly the same rate And then vou would

have the situation

And indeed, there was a failure, you might call it,

of this type that occurred last year in Germany. They did the

same thing. The only thing is they made a design error and
they put in a wall that was 10 percent of what it was supposed
to be. Same type of situation, and it did just what you said.

It took a few numbers of cycles and then it failed.

MR. EBERSOLE: Welil, what |'m really saying is that
the pipe can fail without having stress due to internal
pressure, can it not? Just due to weld stresses. And just

sit there and crack
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MR BUSH: It can crack but | don’'t think it would
fail under those circumstances. It's driving into a negative
stress field Because you have to have a balancing of

stresses, so if they're tensi'e on the inside, they have to be
compressive on the cutside. So if you have zero |cads
otherwise, either bending or ~- | would say you'd gn into a
negative K field, and it would tend to go to an extreme.

I think what you’'d have is the crack would grow to a
certain depth and then it would tend to start growing out,
because it’'s growing into a negative K field in that case.

MR . SHEWMON : Gent lemen, as soon as we let Spence
finish, we get a break

LSlide.]

MR. BUSH: This simply says if you're going to
replace things and you're going to build new plants, yiou
should optimize them for examination, for accessibility,

recognizing that if it's going to be replacements, you're not

going to throw away pumps and valves so you still have the
praoblem. But otherwise, you should do it. Certainly, any new
plant that were designed, if that were to occcur, you should do
that

[Slide.]

This is a summation of all the things |’'ve talked
about . Short-term solutions It’'s in there It simply was

my attempt, you might say at an accident or event tree.
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[2)ide. ]

This | think is important, covering what has been

done with regard to design state, NTOL, with regard to actions

that can be taken. Overlay welds, when you have cracking
Residual stress improvement almost across the board. Hydrogen
water chemistry is a general recommendation You want to have

an improved baseline on your ultrasonic, and if you have the

option at the design stage or otherwise then you would go to a

new material | don’t think anybody is going to tear out
material -~ well, | wouldn’'t say that, the Germans did it
But generally, | think you're going to have to have cracking

before you take that action

[Slide ]

This is the categorization of welds. The first one
would be a new material, and the actions that are taken The
second one would be where you have improved resistance but you
can’'t guarantee it The third one s where we are with our
normal materials.

(S ide . ]

These are suggested materials Most of the emphasis
I maent ioned would be on 218NG The othaer options exist for
use And this really is more B.D. Liaw’'s because this moves
inte NUREG 0313, Rev. 2

This is based before you find cracks, because ass

oon as you find cracks the situation changes
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That was the last slide, and |I'm sorry | was

longw inded

MR SHEWMON fAire there any questions?

MR. BENDER  Spence, you ment ioned earlier that
there were stil) some uncertainties about what the detr imental
effects of hydrogen injection might be Can you be more
explicit? What things are of concern?

MR BUSH: I'm not sure there are any detr imental
effacts in thae context of dagradation of components. One
obvious factor |Is that you generate a ot of nitrogen 186, and
that means you'd better think about shielding your turbine, et
cetera, because you are certainly going to expose your pecple
out there because the levels do get substantially higher
That's one area

fnather area is, of course, If you are generating
material and even though 1t 18 supposed to be ammonia,
dapending on how you control things you can still have an
escess, and paople always ask wall, could this have an
adverse effsct on the vesse!l, and things of that nature

I think by and large, the answer s we wouldn't
axpect 1t but we just don’'t know very much about that
situation The Japanease, most non-nuciear, are doing a lot of
work there and we hope to be able to take advantage of their
hydrogen work and ask ourselves tha quest ion wall, basad on

extrapalations from these exper iments, do we have suificient
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conf idence Thuse are some examples I'm sure there are
more .

MR BENDER Well, | know the vesse!l question comes
up periodically

MR BUSH: I don’'t think it's a major |Issue myself

MR BENDER But since hydrogen is injected in the
BWR systems continuously, and you have had that kind of
exper iance, |Is there some reason why it could be different in
a BWR?

MR BUSH | can’'t think so Just those questions.

MR EBERSOLE Along that same | ine, there are
prodigious quantities of hydrogen and oxygen, stoichiometric
Quantities, that have come out In the condensers and must be
stripped and added, then, to the shaft in-leakage from the
turbine This makes a mixture. Now, you're going to add
hydragen What's the volumetric increase we're talking about
In hydrogen flow? Is It going to upset the explosion designs
of the aystem downstream?

MR, BUSH! | can’'t answer that question

MR ETHERINGTON: It was answered by saying you
don’'t get hydrogen, you get ammonia But | don't quite buy
that

MR EBERSOLE I don’'t understand that ammonia bit
There's already lots of hydrogen

SPEAKER | need to correct my statement You do
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MR ETHER INGTON I ] the hydrogen couldn’t be

e than n a PWUR would
SPERKER s L= ! » not more than a PWR The
difference being that they use zi in the PWR and zirc

.

the BWR and there's ceptibility

But as alists don't really
think
looked at this at considerable length
reactor years ago, and we pretty much
based on nuclear extensive work that that
ond order effect But it doesn’'t you can’t

but usually you have to wark at it hard

be pretty poor, and things of that

MR SHEWMON Okay, that'

minute break and then to seismic

[Recess

MR SHEWMON X . Dack on the rec:

MR LIAWY o " norning gent lemen and ladies

not going to - y vViewgraphs but before | discuss the

mplementat ion scheme of the Pipe Crack Review C mm i ttee

recommendat ions let me just g EOMe ¢ wdificat o to the

Chairman, vyvou asked whethe: or not we have

sean exper  ence We have exper  ence on the crack n the
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Back to the subject that

submitted to the Commission on November 7 the st

plan to deal with the problem We met with the

somet ime | January AsS a result of that, the C

sanctioned the staff long~range plan; however, a

of Commissioner Roberts, the Commission directed

develop the long-range implementation plan to se
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The 5

element to be included in this im

ol

an are as follo Ve will take the Piping Re

Committee’'s recommendation as contained in 1061,

also, public comments row know that we publish

EY

Volume 1 and we seek public comment

We have received several of them, and
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iratt about a year ago howeaver
substantial rewrites will be needed because at that time
there was not a technical document as represented now by 1061
Volume 1 Again, we had to incorporate public comments on
that
The present schedule is for the staff to comp lete
wir Commission paper by the end of June and submit to CRGR,
then publish for public comment for a period of about 20
days We are projecting that by the end of September we
should be able to submit the whole package to the Coomission
their approvai | presume that when we submit the paper
to the Commi s on, a copy will be provided to ACRS, too
reason for this scheadular sweepage i
Principally due to the difficulty the ASME Code Commi t
having, or was having in resciving problems invaolving
toughness of certain type of weldments, originall

Professor Paris

Professor Paris in his letter D> HC yisSsioner

Roberts and the staff, character ized the use o the coriginal

IWB~-3640 as being dangerous And that has caused some problem
as you can understand AsSs a result, we withheld our
endorsement .f thut portion cf the Cade until this issue is

» ’

resolved And I'm glad to report to vou that we worked




ith Code pecple intformally and formal 'y both and
finally b n the week f Apr 15th meeting
Nwe Or lean were able
agreement
derstand that the whe package i
| luded to it
that as s the main committee

they formally put it into the winter

finalize the staff position and
finish up the Commission paper

MR SHEWMON This basically comes down to how much

the critical crack size is in this

MR b There are tws of it; long range,

we would take their recommendation; if youw want to replace
PIpIing material and whether « not you have to have 168! along

with it and whather or not vou have the water chemistry

MR SHEWMON No, | mean the 1WB or whatever it

LiIAW Yes, that’s pretty much changed with the
indicated level of cracking of CESSAR is the circumferential
extent of the cracking, and a different curve for a different
stress level In a sense, the combination of the extent of
cracking, crack length, versus the crack path

MR SHEWMON And now there’'s one curve for fat igue
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welds and one curve for sub arc welds?

MR . LIAW No, only two criteria. The curve ought
to sastisfy both criteria. So for high toughness weld, it
will continue to be the criterion; for low toughness material,
the J value will be the governing criterion.

MR . BENDER: B.D., back up for a minute. What was
Paris’ concern?

MR. LIAW: That will be a separate subject, but
since you asked, -~

MR BENDER: I just want to get it into context more
than anything else

MR . SHEWMON B.D talks about that at the end of
the program so we've at least got the right person.

MR, SHAD Professor Paris says you can wuse |imit

load for some of the low thoughness material

MR, BUSMH: I might comment that as chairman of the
subgroup who had roesponsibility in the presence of
Professor Paris and others, | went arouncd the table to find

out what the feeling was, and what it came down to basically
was that the anaiytic procedures were not -~ you were in a
never-never land there so far as being able to unequivocally
predict. And then | asked the question: how many of you
would expect the pipe to fail if you had a crack of this
depth, and the answer was ~-- | didn’t get any hands up that

said they expect the pipe to fail.
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S0 it really comes down to the adequacy or the
sophistication of the analytic procedure. And so one way to
do it is to make the flaw smaller, and the procedure then
~= the less sophisticated procedure ~-- still has a more
comfortable margin. So | wouldn’t say the problem goes away
but it’'s more reiaxed

MR SHEWMON : But do | then have a J number in the

Code?

MR. BUSH: No, |I'm sorry. I think B.D. is not
corract. Both Iimit load approaches -- all the diagrams that
are in there wuse the same basis. They use a multiplication

factor to go from one to the cother, which is based on the
exper imental evidence And so the tables all look alike
except the numbers are different.

MR . KILLECKER Ray Kiecker, NRR. You are quite

right in terms of the tables. However, the tables have been
estabiished on the basis of J~type calculations. So they are
J analyses, in effect.

However, for the user, the answers were all
calculated similarly as they were in IWB-2641 and 42

MR. SHEWMON: One of the things we’ll talk about
this afterncon is aged stainless steel castings, and when Bill
talked to me over the phone, he talked about a J number and if
the grade integral was greater than 2 then in some units it

didn’t get defined, then we hope the staff will accept that,
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and if not, they wouldn't. And we will get into that when we
get to Paris’ stuff this afterncon or when we get to you?
MR KLECKER I'm going to talk a little about how
we do the J analyses for the cast stainless and the reason for
car limits on it It’s a little different approcach, let’'s

say, than 1WB-2640 in that we didn’t lcok at all the J-t

analyses They carried it all the way through and found the
limiting goes that way. And then, using the formulas that one
uses for limit load analysis and comparing them to get ‘he

answers you arrive at the multiplication factor, essentially
the stresses And the net result is, of course, you get a

much smaller crack

Now, for the higher lcads, it’'s a very conservative
approach .

MR SHEWMON: Okay. Did that answer your question,
Mike?

MR. BENDER: Well, | didn’t want fo get into an
elaborate thing. I¥f B.D. wants to say --

MR. LIAW: That’s all | was going to say, so we
might as well get it over with.

The reason we feel it's important to resolve this

concern is because once the standards are incorporated into
the Code, in effect, by Section X| of the ASME Code, once it
is endorsed by the NRC it becomes part of the regulation. And

that means anybody can use it, even for PWR. Even though,



ra

10

1

12

14

15

16

17

12

19

67

like Spence indicated earlier, the original intent was for

short-term operation until someone can change cver to the

resistant piping.

Professor Paris wrote the NRC several times, but the

one that seems to have attracted most attention because we had

provided formal response, was the one he wrote to Commissicner

Roberts. And | could categorize it into three major areas.
Number one, original ASME Section X|, IWB-3640 is "dangerous"”
because it did not account for Imnad toughness welds. The
value curve of the Iimit loads.

And as indicated earlier by both myself and Spence,
this thing has been resolved with the full committee and has
been agreed upon by all concerned parties.

MR. BENDER: The statement you're making is that if

the flaw that’s being detected is smail enough, then the
concerns about lcad toughness welds will disappear?
MR. I.1AW: Yes.

MR . BENDER: Would that satisfy Paris’ argument?
Has he ever been asked whether that’'s a valid point or not?

MR. LIAW: Well, before the committee meeting in New
Orleans, | spoke to him, encouraging him to participate, and
he said because of his previous commitments, or some problem,
he was not able to attend. And | explained to him, hey, Paul,
you raised the issue. I think people worked so hard to

resolve it, | think you owe it to them to go. But he didn’t.
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MR . BENDER But he knows about it and he hasn’t

written another letter saying -~

MR. LIAW: He has not written anymore letters.

MR. SHEWMON : B.D., the limit load says that you've

got a crack part way through and the remaining ligament will

go fully plastic, then you can calculate failure stresses on

the basis of that Is that right?

MR. LI1AW: That'’'s right

MR . SHEWMON And if that |igament is low toughness,

then it may break in a brittle fashion.

MR. LIAW: Right, before you reach that --

MR . ZSHEWMON: And that then, in that condition, the

limit load would not be conservative or proper as a way to

tetl ) -~

MR. LIAW: It will not -~

MR. BUSH: Not necessarily brittile; it simply

wouldn’t sustain the Ioad.

MR. LIAW: Let me continue. The second thing is the

thermal stresses should be included in establishing the

acceptance criteria. And this item, we don’'t disagree with.

And the new proposed IWB-2640 will address this one.

MR. BUSH: Yes, this is taken care of, and | would

defer probably to Bob Bosnak as to whether these are adequate

or not, but it was generally considered to be acceptable for

this purpose.
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1 MR. LIAW The third concern expressed to us was the
. 2 need to demonstrate material ductility, and this one is a

3 little bit complicataed. Conceptually, we don’t disagree. |

4 mean, you have to have ductilily in your material Not only

S ior piping but somet imes even for concrete, |ike Professor

" (5] Newmark used to advocate

7 However, the way he approached it, is one has to

3 require the utility to postulate the failure of supports or

Q other physical limitations. And that is where we have major
10 disagreement . We told him that we, as a regulator, we are not
1" going to trade one evil for another cne, in that we allow

12 demonstration of piping integrity through leak before break so
12 that they don’'t have to postulate a break. That’'s the whole

l‘I' 14 idea .

15 And what he is asking is to replace that and

16 postulate support failure or physical |imitations

17 MR. SHEWMON: This is the failure of the support of

|

13 the steam generator? Or what kind of support are we talking
19 about?
20 MR. LIAW: Everything To the maximum extent .
an MR BENDER: He'’'s looking for a high initial stress.
22 MR. LIAW: That’'s right.
23 MR. BENDER: As a mechanism for driving a crack.
24 MR. LIAW: And we told Professor Paris when the

‘ S Piping Review Committee met with him that as a regulator, we
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1 don’'t believe it was appropriate to do it as a regulatory

. e requirement . However , the utility proposed to do that, and we
3 could consider that and give it evaluation.
4 MR . BENDER I'm reasonably well educated if
5 everybody else is
53 MR. SHEWMON: Okay, let’'s get back to 0312, then.
7 One of the things that Spence said in his
=] presentation was that credit for stress adjustment in some way
Q didn’'t through the Code Committee at this point. It seems to
10 me that a more important point for this audience is what
11 credit the staff would give for stress adjustment.
12 MR. LIAW: IG2] or other scheme to address the
13 stress for non-cracked pipe, the current staff position, as we
. 14 implement it every day, is not to give credit for that.
15 MR . SHEWMON Is not to give credit for stress
16 ad justment .
17 MR. LiIAW: Right . ¥ cracks are verified.
12 MR . SHEWMON ODkay, and if cracks aren’t verified?
19 MR. LIAW: I1f cracks are verified, we either --
20 depending on the degree of the reported crack, then. ¥ it's
a1 very short, -- this on a case-by-case basis, and maybe ask
22 them for a third-party verification. You know, |like
23 Fitzpatrick In addition to the normal contractor they also

have KWU

in there to verify it.

MR. SHEWMON: Okay But is there anything to
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motivate, at this point, a utility to do stress adjustment on
its welds in a new plant?

MR. LIAW Yes, because that’'s -- in fact, we seek
some kind of commitment from the utility to do it in the first
refueling cycle at the latest . I can give you one example,
Grand Gulf Unit 1. They have 22 welds or about, which were
not mitigated when we gave them an cperating |license.

And since the issue can only be justified on the
basis of occcupational exposure, whether to do it before.

MR. SHEWMON: Okay, right

MR. LIAW: Let me try to summarize what | said.

In a sense, this today is not really affecting the
utility program plan to seek a long-term resclution, as we
indicated in the Commission paper, SECY 84-301, in that if one
chooses to replace the piping, there is procedural guidance
issued to them which allows them to do the job under the
so~called 50.59 That means {he staff determined that there
are no unresclved safety issues involved So they do not have
to have staff approval bafore they do the job.

And for plants that are operating with piping that
is susceptible to cracking, the staff guidance has been
contained in SECY 267C, which was reviewed by almost
everybody, including ACRS full committee and subcommittees and
also, the Commission. In a sense, the Commission imposed

that, pursuant to 10 CFR S0 SS5A(g)6(2). Anytime the
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Commission sees this problem and wants to seek further

assurance for reliability. Let’s not even talk about safety;
for further assurance and reliability of the piping or the
material, the Commission could impose augmented inspection.

The elements contained in SECY 267C were

incorporated in Generic Letter 34~11 with slight deviations

because of your comments. At that time, you recommended to

the Commission that there should be some |imit on the crack

depth . As a result, we modified those elements in 267C and

incorporated them in Generic Letter 84-11.

S0 what |'m saying to you is despite all this delay,
we are not really affecting utilities’ programmatic planning
for seeking long-term resolution. And also, as Mr. Vol Imer

indicated earlier, the cost-benefit number does not justify

taking immediate, more drastic action And that’'s what

Mr. Vol imer, when he spoke to the Commission, that’'s what we

committed to the Commission. And they seem not to have a

problem with that

MR. SHEWMON: Now, there will not be a third
revision of NUREG-0313, is that it? What will bring out your
position will be NUREG~1081, revised”?

MR. LIAW: No, it will be 0313, Revision 2

MR . SHEWMON And when is that due out?

MR. LIAW: Early Septamber . We’ll give it to you

before that .
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MR. LIAW: That’s all | had to say unless you have
some questions

MR . SHEWMON: Okay, thank you very much

MR, LIAW: Are you going to talk about Paul Paris’
concerns again, or did that satisfy what you had in mind?

MR. SHEWMON : | would |like to have somebody explain
to me just when is a low toughness weld brittle and when is it
ductile, because | always sort of thought if you've got a
low-toughness thing big enough you could consider it brittle.

MR. LIAW: | have a few viewgraphs.

MR . SHEWMON Milt Vagan keeps saying no in my ear,
but maybe | can do that -- maybe we can cover that with Ray
later.

MR. LIAW: Later on we can cover that.

MR. SHEWMON : Now we go to seismic.

MR. HOU: I am Shou-Nien H;u, staff of NRR, and the
Chairman of the Task Group orn Seismic Design, NRC Piping
Review Committee.

The task group consists of five NRC members and five
consultants. The end product is in NUREG-1061 Volume 2 and
addenda to the Volume 2.

[S]ide. ]

For years, the seismic design criteria required by

NRC have been developed one at a time without overview of
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integrated effects. And sometimes, because without data and
an adequate data base. S0 because of the uncertainty, we add
conservatism in each step of the criteria development . Then

also at times, we tend to believe if we put the conservatisms
together they will enhance the cverall safety.

Today, we have the piping systems that get a lot of
seismic support and snubbers, and the piping systems becuome
very stiff and with high thermal stress and the nozzle |ocads,
and more adversely affected by the errors of construction,
operation, maintenance and inspections. And we have more
snubber problems; for instance, lost snubber function due to
degradation or aging of the hydraulic snubbers. And we have
increased pipe stresses due to snubber lock~-up of mechanical
sriubbers .

S0 the problem is we have spent so much effort in

‘the seismic design, the design is getting so complicated and

costly;, and yet, results in piping which is less reliable in
normal operation.

[Slide.]

So the cobjective of the task group is to try te
achieve immediate improvement in piping reliability on normal
operations. What we do is to review the seismic information
and recommend changes in NRC requirements and identify the

future actions.

[Slide.]
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Here is a list of the technical issues. I'm going
to present them to you cne by one. The problems and our
recommendat ions.

[Slide.]

The first issue is about OBE and 2SE. Now, the
design pratty much follows the industry practice at two
earthquake levels. According to the requirement of 10 CFR
100, Appendix A, it says shall be designed to both OBE and

SSE. Now, by definition, the OBE is an earthquake having a

reasconable probability to occur in the plant life. Again, we
also have it saying the OBE shall be at least one-half of the
SSE.

See, we are so safety conscious, and OBE and 2SE is
such a level you won’'t have great uncertainty %o in the nlan
review, usually the S%E has been very, very high. But because
af the relationship of OBE and SSE, the OBE is also getting

very high at such a level that it’s no more here thin the

earthquake having a reasonable probability to occcur. In fact,
it becomes an earthquake which reasonably has probability not
to cccur. So here you can see the inconsistency by the

definition.

Again, according to the Reg Guide 1.81, there’s a
requirement that the damping has different values for the OBE
and SSE. And that makes the OBE control the design.

Now, OBE actually is a matter of a level to protect



m

10

1

18

15

16

17

18

19

76
the investment . It’s for the utility to decide ~-- of course,
we don’'t want it to be too low. However, if OBE set the level
of OBE that would make the systems cverly stiff, and that’'s
not what we |ike to see.

Also, because of the importance of 1 .61, there are
different damping values for OBE and SSE.

In piping seismic analysis, we need two separate
analyses for DBE and SSE. At the present state of art, all
analyses are linear elastic, just because of different damping
and you have doubled the effort because it sounds reasonable.

Now also, the ASME Code does not address the
relative anchor motion to the level of stress level E, which
is SSE level. And | 'm going to address that issue later on.

I will show you the piping response we’ve observed
We found ocut the rate of anchor motion, which is very
important and ought to be considered. 2o those are the
problems and the current issues related to OBE and 2SE.

[Slide.]

These are our recommendation.. We're asking for
decoupling of OBE and SSE by rulemaking to be undertaken to
change the OBE definition in 10 CFR 100, Appendix A. For your
information, in fact, they already have ~~- half the OBE is
less than cne-half the SSE level . Now, a noticeable one is
Diablo Canyon.

The second recommendation is to investigate the
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feasibility of a single seismic analysis. For that, we feel
that to have an NRC internal review on using the uniform
structure damping for both OBE and SSE, uniform piping
damp ings for both OBE and SSE I¥ that can be done
thoroughly, it will be feasible; just one analysis. And then
by scaling to together with one OBE and SSE.

Another recommendation is request ASME to consider
the anchor motion at SSE.

MR. BENDER: What does that mean? When you ask ASME
to consider the anchor movement at SSE, you're asking them to
look at a stress condition that really isn‘t covered in the

Code . What are you trying to get them to do?

MR. HOU: Well, we call their attention to various
avenues . The one possible avenue is for the co~-chairman to
write a letter to them informing them of the findings. Matter

of fact, they’'ve already been informed about our findings when

we mailed our report to them.

MR. BENDER: I think you're not quite clear on what
the question is. | understand that you can ask them to do
% What kind of response do you want from them? What do yvou

want them to put in the Code?
MR. HOU: To change the Code rules.
MR . BENDER: Well, that’'s not enough for me.
MR . BOSNAK : I’'m Bob Bosnak, Division of

Engineer ing. What is really being asked for is a
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reconsideration of how we look at seismic inertia stresses and

also, the sam stresses. Those now in piping are secondary,

they're secondary stresses, they're not included once you go

beyond the upset condition.

S0 we're asking for ~- and | think this will not
take place until some of the research work that EPRI is doing
has been completed. And that will get into how does piping
really fail under earthquake loads. So again, we're talking

about two things here. Not only -- not this by itself, but

we're talking about seismic inertia stresses as well .

MR . HOU According to the current state of art for

coupling the piping response, they couple it in two parts

One is the initial response; the other is the relative anchor

mot ion

Now, for the OBE level currently we do consider both

.parts and add them together . But in SSE, not. But currently

it’'s not that critical because OBE controls the design. But
in future when we have the rule come out and decouple OBE and
SSE that will be critical That's why we'd |ike to call their
attention to it.

MR. BENDER: Okay, that’'s a better explanation.
Thank youw

LSl ide. ]

The last issue is about damping values. Damping is

a very hypothetical parameter . It represents the energy
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dissipation of a piping system under dynamic lcads And it
involves a lat of things that can affect damping. In the
past, because we are not aware, not very clear about the
effect of the individual parameters, that’'s why when the Reg
Guide 1 .61 came out it just used a |lower bound value.

But because it used a lower bound value it added
conservatism in there and it contributes to the stiff piping
system

Currently, the damping values proposed by the PURC
are based on expevimental data from the plant, from the lab,
domestic and foreign, large piping, small piping with various
support conditions and based on that we make our
recommendat ion

[Slide. ]

And there are the damping values. Originally, Reg
Guide 1 61, the damping is different for the 22%E and OBE.
And also, -~

MR. SIESS: Excuse me, what's the abscissa on that
plot?

MR . HOU These are frequeancy This is percentage
of damping.

MR. SIESS: Ne, the abscissa That's parcent, |
understand . That's the ordinate. But the abscissa.

MR . HOU This is frequency

MR, SIESS: Calculated frequency”?
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MR. HOU: This is the frequency of the piping
system.

MR. SIESS: The calculated frequency of the piping
system, assuming whatever you assume.

MR. HOU: Yes, we performed a spectral analysis of
the piping. The piping frequency based on the mode of
frequency to pick up damping values on this curve.

Now, the Reg Guide damping is related with

parameters and alsc related with the level of the earthquake.

But here [indicatingl it’'s not. But there is a new parameter
in here, the only parameter that -~ piping frequency.

Now, we have looked at a lot of data. We know that
damping can be affected by a lot of things. For instance, the

type of support, how to space it, how much insulation, whether

there’s a gap. All kinds of things. It’'s very complicated.
MR. SIESS: You didn’'t mention stress level .
MR. HOU: Yes, | mentioned the stress level. OBE
and SSE designed to differ the stress |imit. And here it’'s

not dependent on the stress level .

MR. SIESS: The new proposal doesn’'t?

MR. HOU The new proposal does not . The reason is
even though SSE stress is higher, but however, essentially the
piping system still responds elastically, even at level D
which is not really making much different to cause a big

difference in damping.
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MR . SIESS: Are you assuming elastic response in all
cases”?

MR. HOU: Yes We do not yet have the -~ damp ing
data.

MR. SI1ESS: Okay, thank you.

MR . SHEWMON: So you know there’s still a very large
conservatism in this because the stuff will go plastic before
it fails.

MR. HOU: Right.

[Slide.]

The reason we chose frequency as a parameter is we

go through that regression analysis to find out which

parameter really has the more dominant effect . And this is

based on the nice waork of the PURC.

MR. SIESS: You said that this was based on plant

experience. S0 this was then all at displacements which

pecple who own plants will let you run exper iments at. So

that gets also back to the all totally elastic range. Is that

right?

MR. HOU: It’'s nmot that they let us run

exper iments . It’s we just get the data from various sources.

They contribute to this.

MR. SHEWMON : But this is on plants.

MR. HOU: Yes, some is in plants; some is in the lab

testing. It was all kinds of conditions.
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MR ETHERINGTUN: | missed something. Are the
aordinates multiples of the OBE or are they percent damping?
Percent of critical damping? What are the ordinates in this
figure?

MR . HOU This is damping.

MR. SHRAO: The abscissa is frequency.

MR. HOU: This is damping value.

MR. EBERSOLE: When you get rid of all these
restraints, are you going to change the damping values? When
you remove the restraints are you going to raise the damping

values? Do these damping values ~- are they based on the

present restraints?

MR. HOU: It's based on all the data. It’'s on
various conditions; some with very little restraints; some
with a lot of restraints. In other words, the PURC is not
intending to precisely point ocut what damping -~ under
what kind of parameters. And especially in a mathematical
accurate fashion But here, just kind of general
conclusions These are all kinds of conditions, with some

margin such that we feel confident.

So to answer your question, that considers also the
situation with less restraints.

MR. SHEWMON : Let me answer his questions and you
grade me, then. My impression is that he’'s saying that this

bounds the data they have and the data is on a lot of
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different systms wi*h and without -- with varying degrees of
constraints.

MR. EBERSOLE: But | thought these constraints --
they all had to meet current requirements, and therefore, your
damping values wouldn’t have been --

MR. SIESS: If you remcove the restraints you're
geoing to change the frequency because you can increase the
spans . But then frequency is a variable in here.

MR. HOU: Right, exactly. That’'s why the frequency
becomes such a powerful parameter, because if you change the
weight you change the frequency, if you change the spacing of
the support you change the frequency All kinds of things are
reflected in the frequency.

MR. SIESS: And the non-| inear effects from gaps

aren’t counted in here anyway.

MR . BOSNAK : That's a different animal . That'’'s been
looked at When you go into that aspect, the damping values,
then you’'re talking about more |ike 10 to 20 percent at least.

MR. SIESS: Yes . That’s why | said you haven’t
taken any credit for those.

MR . BOSNAK : No credit whatsoever for that aspect.

MR . SHEWMON Let’'s go on.

MR. SHAD: Before you go to the next viewgraph, |
think we never answered Mike Bender's previous question. Let

me try to crack at it. Related to the anchor movement .
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MR . BENDER: I'm willing to accept the previous
answer which was a lot better than the three previous ones to
that . But if you think you can improve it, go ahead.

MR . SHAO: Okay, briefly The ASME Code When the
earthquakes comes, it produces two types of stresses, ore
called inertial stresses and one is called anchor movement
stresses . The ASME Code tried to classify the inertia
stresses as primary and the anchor movement as secondary .

Because the ASME Code treats SSE as so-cal led
faulted condition, the faulted condition never worries about
secondary stresses; only worry about primary stresses.

MR. BENDER: Well, to the extent that they |limit the
approach to yield, they do take account of it But go ahead.

MR. SHAD: For faulted condition, ASME Code only

requires you to worry about primary stresses; you don’t have

to worry about secondary stresses And for that reason, for
SSE you don’t have to worry about anchor movement . But

accarding to actual earthquake data, the anchor movement is
really causing all the failures.

So we say maybe, ASME Code, you should take a second
look. You carnnot neglect this anchor movement because we treat
it as secondary stress. All our failures are coming from
anchor movement .

MR . BENDER: 1711 take that as a supplement to

what’'s been told.
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MR . HOU lLater on |I'm going to provide you more

informat ion about why we say so.

MR . SHRO: | den’t know whether | made it clear or
not

MR . SHEWMON : You've made it very clear. Let’'s go
on .

MR. SIESS: Only the Code and the analysts make that
distinction. The structure doesn’'t know the difference.

MR. SHAD: VYes, but the trouble is the ASME Code
says secondary stress you don’'t have to worry about.

MR. HOU: On the damping |'d |like to mention that
it’'s been endorsed by the ASME as the Code Case N-411. And we
have done some independent assessment of how much response can
be reduced when new damping be used. And the figure is ajrout
20 to 40 percent.

(Sl ide.]

Now let’'s turn to the next subject about spectral
modifications. In the Reg Guide 1. 122 for the floor response

spectra which are used for input to the piping, when there is

a peak that causes uncertainty of the material, of the soils
and also of the soil~-structure interactions, and also
uncertainty about the response of the structures. There's all

these uncertainties. S0 in the past the Reg Guide 1. 122

arbitrarily widened it plus or minus 15 percent .

(Slide . ]
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This is the floor response spectra, widened plus or

minus 13 percent

As we know, because of this, the input a lot more
energies to the piping seismic response calculations. Because
there is only one peak in this uncertainty range; not all
the frequency in this range have the level to the peak.

So the PURC recommendation is still recognize the
uncertainty range but however, perform more than one
analysis. First, assume the peak is in this place, and then
move the peak ~- piping frequency happen in that range and
shift the peak, and then shift the peak to the right extreme
of that

In this way, the number of calculations is
increased, however, the response can be reduced. The amount
is just about 10 percent in reduction, which is not an awful
lot . I1¥f we look at the seismic conservatisms embedded

MR SIESS: In the basis for the peak broadening to
baegin with, you ment ioned some uncertainties. They're the
uncertainties in determining that frequency of vibration of
the structure that supports the pipe under the earthquake
excitation, right? How did you arrive at that 15 percent? Is
that based on exper iments, analyses?

MR. HOU: | think for the 15 percent ~~ | didn't
participate in that edition of the reg guide. | heard some

pecple -~ just based on the best est imated engineering




judgment Does not have an adequate data base

But later on we have information indicatin that
g

the range, in fact, is not 15 percent -- could be wide

MR SIESS For example, the Category ' structure’'s

research at Los Alamos, working with 1’1l admit models right

now, suggests that the shear wall type structures are cracked

almost from the beginning How much difference does i make

in the frequency in the spectra if | assume those wall

cracked, o | assume them to be uncracked? Does the 1

percent cover that?

MR HOU Nc not enough Actually, as recall

from that paper, it’'s much wider than the 15 percent But

this is a separate issue those, it’'s the peak shifting

procedure
| agree it's a separate

Just trying to understand the aoriginal
peax broadening Is it true that analyses are made a
those shear wall structures to be uncracked and the equipment
iIs then qualified on the basis of those spectra?

MR HOU I think in this we need more study to |ook
at more We annot just base it on the one case

SIE That wasn’'t my question I'm asking
what is practice in design? To assume one stiffness for the

structure, or to take a range of stiffness for the

structures? To assume the structure is cracked, to assume




1 it’s nat cracked and get the range?

. 2 MR HAD | think in practice, they assume

2 stiffness in the structure Howevear we need to do

aq soil-structure interaction analysis The stiffness of

S structure s only one stiffness But in the scoil~-structure

5 interaction analysis, the NRC position is you have to |ac at

7 a different range of soils

3 MR SIESS | don’'t know how much effect that has

a MR SHAD It does have some effect This floor

10 response spectra is coming from soil =--

1 MR SIESS Oh, ves But I'm just looking at the

12 one aspect of it because cracking in a concrete shear wall can

13 reduce its stiffness by a tremendous factor | don’'t know
‘ll’ 14 what it does to -

15 MR SHRD In this case they would not be covered by

16 the 15 percent

17 MR HOU So this iS5 percent is not adequate And

18 that issue, we put in the recommendation

19 MR SIESS Incidentally, with your revised

20 proposal, an increased broadening would have less of an

21 impact

a2 MR. HOU What you're saying is right Now, because

a3 you use peak shifting, the impact will be much less

o4 Dtherwise, if you widen 20 percent, then there will be a lot

‘ eS more extra energy to put into



But from a different perspective,
change if it implemented has a relatively mino impact
from the point of view of piping It’s almost a second order

effect

"R SHAD Y a very smali impact

MR HOUW 5 peak shifting is being endorsed by

a Code Case N-397 And as you see, the drawback of
performing peak shifting, you have to do a ot more analysis
Especially when you have more than Just one peak And also,
when you have more than one support into motion

0 the ASME put in the Code Case to consider that as
an alternative method € our recommendation is to accept the
the peak sh ing for licensing and immediately endorse the
ASME Code Case N-3207 And also, we hope eventually to
incarporate the peak shifting to the revised Reg Guide 1.122
and put into the Standard Review Plan And we're going to
look at the adequacy of the 15 percent And we feel that the
range 1s uncertain Need more studies

And alsco, we feel that probably broadening the

5 a good way to go, except that you should
account for equivalent energy input We fee! that we need
more study to find out

[Slide.]

This for your information For the

damping, there : » S already use ~~- four plant




the PURC recommendation

LSlide. )

The next sub - < @ flexibility and the
nozzle l|loads The piping systems generally terminate at the
nozz les They connect to either the vessel or to another pipe
or to the rotating equipment Generally, the nozzles in the
PiIpIing seismic analysis are treated as a rigid anchor In
that way, that means you get a calculation and get higher
stress than actualiy yvou were exper iencing In the meant ime,
because of overly precaution because the industry doesn’'t know
about the nuzzle Ioad, so we put a very low allowable

So the combined effects of the rigid anchor motion
== rigid anchor and low allowable, that means you need more
support to the piping system S0 this is one of the factors
contributing to the stiff system

¥ we loock at the NRC Standard Revie Plan 2.7 or
2.9, both sections, we have not really addressed nozzle
flexibility and the nozzle |oads But industry guidance
also far from adequate S0 we feel that this is an area we
should pay more attention to

SO our recommendation i: > revise the standard

review plan 3.9.2 to consider flexibility in the NRC

position And also, again we're going to ask ASME to pay

attention to deve!op enough guidance about nozzles And also,

we need a research program to develop more guidance about




stress |limits and flexibilities

MR EBERSOLE When you do that, will you be
accounting for the fact that this is dynamic machinery and
slight misalignments will cause it to malfunction?

MR HOU That'’s the nozzle connecting to the
rotating equipment Here is just one more factor, as you
say Operability of equipment And that’'s “>ne reason why
they put a very low allcwable

MR BENDER | wanted to expand on Mr Ebersole
question a little bit | think there’'s a lot of merit to
industry’s prior position that nozzle l|loads be kept low

there are a lot of things that we don’'t know about how
those stresses affect the component

Is this approach which you're using going to aim
the direction of letting those loads go up higher?

MR HOU We!l actually, we say we don’'t know
Rctually, we say we don’'t know enocugh about this We want
know better And now, for connecting to the rotating
equipment, yes, we consider equipment cperability But

connecting to a vessel, may not have that concern And on the

branch line, do not have that concern So someplace, maybe we

should allow them to have a higher allowable
MR BENDER So you're saying where the

structures are passive, vyou might be more relaxed about what

stress levels be
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MR. HOU: Right.

MR. BUSH: Maybe | can expand on this a little bit.
There'’'s a program that was just completed for EPRI, not
published and not released yet, that locoks at this problem
explicitly. There is no bridge pragram that looks at the
combination of loads flexibility. And one of the tasks of the
task group on dynamic effects in the technical committee on
piping in PUVURC is to look at this explicitly with the idea of
coming up with a Code position.

But first, you need the information. And
supposedly, the study for EPRI and the Dak Ridge study will
supply us some of the information. Obviously, you do not want
to let your loads get out of |ine. You may be able to accept
a higher level but you want to be able to justify a higher
level .

MR . SHEWMON : Spence, would you drop back two
layers in complexity and explain what we are talking about?
What is flexibility to a mechanical engineer? Apparentiy it’s
not you take a rigid member, move the pipe and ask how much it
flexes. Because you guys are talking about the locads that get
applied someplace.

MR. BUSH: The man you should ask is right there;
ha's the expert.

MR. RODABAUGH: Here is a vessel tank heat

exchanger, someplace coming out of it is a branch pipe, and
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this we are generally talking about as the nozzle ¥ you put
a load out here for a moment, or a moment out here, you can
calculate what that rotation is due to just the rotation of
this piece of pipe.

You run tests, though, and you find that this is
going to moment that way [indicatingl. It will do this sort
of thing, it will dimple. You can’t see it, but tests will
show that instead of, say, rotating .001 radiant, bacause of
this local effect, it will rotate 100 times that much.

Now, when you do your piping system analysis and you

assume this is rigid, then you very much over-estimate the

load that's going on here because in fact it can rotate. So
that'’'s the flexibi ity aspect as to what happens in here to
affect how the pipe will rotate. s that sufficient?

MR. SHEWMON : Is that rotation particularly bad

‘because it’'s a larger strain, and thus fatigue is more of a

prab | em?

MR. RODABAUGH : It has both effects. It’s good
because it permits the pipe to take up the displacements
imposed on them much easier. But it’'s bad because yes, you
have local strains here that you have to account for.

MR. SHEWMON: Okay, that’'s probably enough for now
Thank you

MR . BEMNDER: Paul, | want to deal with the other

half of it, because you asked about this what | call a passive
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member . The question may not have anything to do with the
stress level, but just defaormation of the shell that may
affect its cperability, and that’s the point Jess was mak ing.
MR RODABRUGH: Well, let me say a couple of words
about pumps and compressars and turbines. There are
industrial standards, of course, to look at. PURC has a

program to check with users as to what experience they have
had trying to find cut just what is behind these industrial
standards.

In many cases it turns out that the critical element
is the coupling between, say, the motor and the pump. It
turns out, interestingly encugh, that you can allow a larger
nozzle |load by specifying a more rigid ~- so there are aspects
like that that need locking at. But there’s been a lct of
improvement ; we now have the industrial standards but they
still need looking at.

MR. EBERSOLE: What about valves that are left into
their seats with zero clearance and can’'t take any deflection
s0 they'’'l|l bind up?

MR . RODABAUGH : The valve manufacturers will

generally say that their valve bodies will take the load that
the pipe can put on them. But they ~-- | ’'ve naver gotten a
valve manufacturer to say that the valve will operate with

those lcads on it.

MR . EBERSOLE: Well, that's the critical part of it



-~ the operation.

MR . RODABAUGH : You’'re absolutely right.

MR. EBERSOLE: That’'s why they wouidn’'t say it.

MR . HOU You see the kind of problem here? 1t’'s
the buyer that says what kind of loads he wants to see. and
then negotiates with the seller. And then, they set out the
allowables, which sometimes you don’'t know what the basis is.
And generally, the allowable is very low. And of course, low
doesn’t matter, but what is the reason is unclear.

And actually, there’'s ongoing work by the PURC
subcaommittee aon the pipe, valve and pump. They are working on
the problem and hopefully in the near future we’'ll have
something from them.

So now let’'s go to the next subject.

[Slide.]
Inelastic analysis. We know that S8E is an event
with very low probability, and it’s appropriate when designing

pipings to let it have more deformation and absorb more
energy, and utilize the gonod properties of the material.

But currently, the design criteria uses |inear
elastic analysis, and also, the current acceptance criteria is
all based on stress in the ASME Code. It does not have the
strain or deformation criteria.

So the acceptance criteria not even saying in the

ASME Code to allow for inelastic analysis. But people would
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not get benefit from it because lack of strain or deformation
criteria.

And naturally, we feel that this is a place where we
should have more study

Also, we have seen that the piping, the actual
capability to absorb energy, the potential is very, very
high. We have seen some actual observed conditions of
behaviors of the piping under the earthquake conditions.
Later on | will address that. But we feel this is an area
with potential and we should have more study.

[Slide. ]

To set a guidance for the inelastic analysis is not

an easy matter. And because in addition to the stress
allowables, and also, you have the stabilities, the
functioning parts and all this is case by case.

But anyhow, we feel that we will be able to say go

ahead to perform the inelastic analysis as long as you are
able to justify that and you are able to resist the failure
with margin.

Also we feel that more study needs to be done to
develop a method The reason pecple have objection about
inelastic analysis is because that’'s so time consuming and
very costly. I f we can develop some pseudo-| inear-elastic
analysis to account for inelastic effects, that would be a

much simpler procedure and a very nice thing to do.
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MR. BENDER: Been arguing about this inelastic
business for at least 10 years, maybe longer than that, but
the argument always turns out to be that we don’t have any
criteria for acceptability.

If you introduce a research program that develops
something that you call pseudo-|inear-elastic, it may not be
much different than the old piping stress analysis that people
used to do and develop very high stresses. What is it that
you think this new method will provide for you?

MR. HOU: This new method first, of course, has to
be simple and practical. And also, account for the energy and
susceptibility of the piping. Now, the model may be a
bilinear type, not very complicated. And also, maybe still
use some ~- in the framework of the ASME Code, use the current
allowables, but be able to account for the similar effect.

MR. BENDER: Well, will it have stress |Iimits,
strain limits or what? What are you looking for?

MR . HOU: Actually now, it’'s looking for the energy
absorption. But you account for the energy absorbing effect.

At this time we cannot say totally without any
method ~~- there are some methods being developed We have to
look at that but now they are not good encugh

MR. BENDER: I have enocugh, thank you.

[l ide.]

The next subject is seismic spectral input. We know
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the piping systems may be supported by the restraints or

supports in different elevations, in different floors. And
their spectral input could be quite different. But in the
past, what we’'ve used in general, |like in the Standard Review
Plan, is to envelope the response spectra and end up with a
uniform envelope of spectra. Certainly it’'s very conservative

and contributes to the system.

And as we mentioned earlier, the piping response is
calculated by two parts; one is an inertia response, one is
seismic anchor motion. And we put it all together . Now all
of this at the current time does not have guidance as to how
to combine them -~ well, how to allow for the input, however
does not have the guidance to specify how to combine the modal
and directional response. And alsao, how to combine these two
components, and also, it varies from one AE to another

2o here, NRC funded a Broockhaven study It has
completed NUREG/CR~-2311 . In there it provides guidance to
perform this innovative spectral input. We feel this is
important for the seismic design We recommend to encourage
the use of this kind of analysis because that’'s more realistic
and also can reduce unnecessary conserwvatism.

[Slide.]

The next subject, supports and snubbers. We know a
number of snubbers per plant was ircreaased significant in the

past decade. That's because of increase in plant seismic
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level and stringent regulatory requirements and also, because
the seismic design is such a complicated issue, and the
manpower in AE and inexper ienced designers and they put more
suports into the design than there should be.

S0 now, also in the piping design, the (ype, number .
and lucations of the supports and snubbers are not optimized
And we know there’'s a lot of snubbers used in plants, and

maintenance of the snubbers is costly, and also, the snubbers

need maintenance, inspection and all these added exposures to
the personnel . And also, if it malfunctions, a lock~up of
mechanical snubbers will cause the piping stresswise and add a

higher probability of a piping failure.
However , there’s alsco some bright spots. For the
past decade from 1972 to 823 there are 25 cases of snubber

lock~up reported, however, none of them led to a piping

failure.

And also, because we pay attention to the snubbers,
there’'s a lot of NRC effort |ike Genaric Issue A-13 for
improved snubber operability and reliability And results in

NUREG-0731 for guidance for the design and testing. And also,
in the Standard Review Plan 3 9.2, we have paid attention to
the snubbers

So from 1972 to 1983 the number of snubber failures
actually gets per population, it's decreasing.

MR . SHEWMON We're coming close to the end of your
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time, if you'd try to get through your recommendations and
move a little faster |'d appreciate it

LS ide ]
MR . HOU So we feel that because snubbers cause a

lot of problems we should try to Ilimit the use of snubbers.
By the way, the recommendation is non mandatory snubber
reassessment program to reduce the number .

MR . EBERSOLE: In the design of a snubber, is the
snubber designed so that if it hangs up it will deform before
damaging the pipe?

MR. BUSH: The answer is no.

MR. EBERSOLE: Should it be?

MR. BUSH: Not necessarily. But there have been
dynamic events where they've torn all the snubbers off . The
longest one | recall was about 200 feet of piping Every
support was torn loose.

MR. EBERSOLE: Well, that’'s the way you would have
it rather than hurt the pipe

MR. BUSH But what they've done since then is
they've gone to thicker embedment base and --

[Laughter 1

MR, SIESS: Wasn’'t it the snubber deformed and
usually pulled the supports out of the concrete.

MR. EBERSOLE But do you think that’'s been a good

thing?
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MR. SIESS: Well, yes. l've been a little concerned
about the fattor of safety on the supports. I think it’s a
little bit high. | get a lot of comfort when they fail befare

the pipe does.

MR. EBERSOLE: Seems |ike it should be done
del iberately, not accidentally.

MR. BUESMH: | can’'t disagree. | felt that way a long
time ago.

MR . HOU: For all the events with locked~-up snubbers
there are no piping failures.

[S)ide.]

Now the last issue is about overall design margins
The design margins by definition is the ultimate locating
capability of the piping system in comparison with its design
capability.

MR . SHEWMON : Why don’'t you let us read it and move
on to your recommendation and we can ask questions High a
high point if you want to.

MR. HOU Okay The recommendation is what all the
information indicated, we don’'t feel we know enough about the
sSeismic margins. Because piping design is based on the ASME
Code, we put so much emphasis on inertial load ~- however,
look and observe the failure

Also, the SSE level does not consider the relative

anchor motion which is so important to the piping failure
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mechanism And we feel that we should have more study and
more information about the failure mechanisms And also, we
have to determine what a design philosophy is.

Now, shall we design piping such that it’'s more

flexible and special design support and make a support as a

kind of mechanical ~- so that in case of a dynamic event
absorb some energy. But piping if it has multiple support
failure, the piping will still be able to sustain.

So we have to be thinking about the philosophy.
Cert +wly, we're not going to take it and put a lot of
supports and restraints.

MR. SHEWMON : You have a recommendation there. How
do you expect that recaommendation to be carried out? There’'s
a lot of assessing to be done.

MR. HOU: There's a compilation of -~ there is some
testing been done by some industry ~- for instance |ike NRC
and the PURC and the piping testing at INCO. Now, when you
test it to the full SSE the piping still does not fail. That
means something wrong with the pipings in the ASME Code.

Now also, ==

MR. SHEWMON: Is the answer to my question that
aother corganizations will do it and you will watch?

MR. HOU: Exactly.

MR . SHEWMON Okay, thank you.

MR. HOU: We point out the problem, then others do
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we'll learn some guidance.
MR. SHAO: Let me clarify this.
cooperative program between EPRI, NRC and |

out what is the failure mode of piping.

MR. SHEWMON: Okay. Mike?

103

t, and hopefully

There is a

NCO to try to find

MR . BENDER: Well, it seems to me that this can only

be done by experimenting with piping systems. You're going to

have to look at deformation characteristics and how the

structure responds cver the length of piping from one support

to another . And then by varying the suppor

t arrangement, you

can see what might happen to the deformation characteristics

and where the strains are absorbed.

Is that the kind of program that’

MR. SHRAD: Yes . No Let me say

‘kind of program. There was one consultant

the table -~

CLaughter . ]

He recommends ~- so far the ASME

earthquake cause two type of stresses; one

secondary And this data says this stress

like thermal stresses We didn’'t take his

time because of lack of experimental data.

s in place?

why we need this

who is sitting at

Code says

is primary and the

is all secondary

recommendation this

If that position is adopted, there will be a

tremendous relaxation in the criteria But

in actual
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earthquake experience, they don’'t fail by inertial stresses,

they fail by anchor movement which is secondary in nature. So

I think this kind of test would help us to answer that kind of

question.

MR . BENDER: Well, | was asking a different question
which is: is a program in place to do that, or are you hoping
that industry will pick up and develop that program?

MR. SHAD: It'’s already in place to do that

MR . BENDER: Whose is it? Is it EPRI’'s?

MR. SHRD: EPRI and NRC

MR. BENDER: Joint sponsor and jointly funded.

MR. SHEWMON : Where is it going to be done?

MR SHAD: At Anco

MR. SHEWMON: Where is Anco and who are they?

MR . SHAD: Anco is Iin Los Angeles.

SPEAKER : The main contract will be GE's Anco s
doing a piece of the test, the component test. There will be
systems testing which has not been awarded vet

MR . SHEWMON Is that over and above the one you had
at Livermaore, or is the Livermore phased out?

SPEAKER We had a previous program at Anco far
systems tests.

MR SHEWMON Well, you've been spending many
millions of dollars a year while Livermore calculates how fast

a crack grows and other things That's the program |'m
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talking about .

SPEAKER That's an analytic program

MR . SHEWMON And it’'s going on

SPEAKER: No, that’'s winding down . I think this is

the last year.

MR. SHEWMON W Okay.

MR. HOU: I'd like to have just a couple minutes to
present to you interesting informations. We have to know how
the piping really behaves under an actual earthquake This is

a study in fAddendum 2, Addendum 1 and 2. This industry piping
is non~nuclear piping. However, we can see the similarity.

We found very few piping failures, less than .01
percent . And also, the failure mechanism in most cases due to
insufficient flexibility to accomodate large anchor motions

And also, there’'s testing result of Anco in tests
with the SSE, the piping results failure

So with this information we know we have to have a
new approach to the seismic design of piping systems.

MR. MICHELSON | would |ike to ask a question. I'n
addition to worrying about pressure boundary failure as a
consequence of an earthquake, one alsc has to worry about
equipment cperability. This question was brought up ear!lier,
and it’'s not clear to me how you are factoring In -~ when you
start to remove snubbers and anchors and so forth -~ how you

factor in the fact that valves must still function, pumps must
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together to de

supports .

MR .

on the testing

cide,

HOU

. But testing similar to actual

you know,

106

How are you weighing these two

in the process of removing

For the equipment operability, it’'s based

input to the realistic level

S0 we

can -~

earthquake

MR. MICHELSON: By input you mean nozzle loads or

what?

MR

Also, the ampl

the earthquake enviraonment .

under operating conditions to see whether

function 2o

the problem

MR MICHELSON:

certain nozzle

still assure opaerability,

you can do to the piping to the extent that

exceed these n

MR

cons iderations

HOU

i tude,

it's not the piping stress

load|

ozzle

HOU

Nozzle |mad

is one of the functions

the directions,

all this have simulated

Aand equipment has been tested
it still can

limit that carn solve

You're going to establish, then,

ng !limits that must not be exceeded and

loads .

Nozzle loads

and then you're going to see what

it will not now

Is only one of the

MR. MICHELSON Yes, it's one of them But you will
use the cperabil ity assurance on the components as a major
consideration in all of this, | hope, and not just pressure

boundar les
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MR HOU That's right The seismic condition.

Now, for the pressure boundary ~-- there is NG
research We have pipe to pipe impact. The pipings in very
large degree, the pressure boundary will still be able to
maintain

MR . SHEWMON Good. Let’'s stop there. Bob?

MR BOSNAK : I’'m going to share with you the |little
bit that we know that is going on abroad Most of it we know
has been covered by informal context of meetings,
particularly I am going to ask Spence and Jack Burns, who is
sitting in for Jim Richardson, to add to anything | can tel!
you

| am going to read the statement that you have in
the agenda There are really two parts here. As | understand
what you are looking for, you want to know whether the rest of
the world thinks flexible piping systems are the way to go,
and from our context, particularly with the Federal Republic
of Germany, they are going to 4 percent damping across the
board, and thay are hand!ing the OBE-SSE question by raising
the Iimits on the OBE.

You heard what Dr Hou told you about changing the
regulations S0 that OBE does not control the design and make
‘hings stiff, they are going to jack up the allowable |imit
from what they have now to essentially the vyield area

MR SHEWMON Jack up what | imit?
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MR . BOSNAK The allowable | imit. There is an
allowable imit for the piping system analysis, and ~-

MR . SHEWMON : "Allowable’'’ is not an adjective;
it is a noun in that case, or something. It is what the
mechanical engineers use someplace; is that right?

MR BOSNAK : Well, it's what is specified in their
standards. It's what is specified in our ASME code.

The Japanese -~ and if you will recall the sl|ide
that Shou~Nien had here ~- the Japanese, | understand, now are
going to be using 2.5 percent instead of 2 percent. The
proposal was that they use the 2 percent. The regulatory
group decided that they were going to accept 2 5 instead of 3
percent S0, as you see here, the Germans across the board
are using 4 percent .

MR. BENDER: What table are you looking at?

MR. BOSNAK : I'm looking at the previous handout
That was the one without the l|label But the other thing that
you have to recall is that most of the foreign countries have
not coupled the accident loads ~~- in other words, pipe break
and seismic factor o that they have had in the past less
stiff systems Their systems generally were more flexible,
and they are now going to decrease the flexibility

Again, what we are trying to do, we are trying to

remove as many of the supports that we can and yet keep the

components operating, the ones that Mr. Michaelson ment ioned,
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and we are interested, obviousliy, that valves and pumps

function. But we have had an excessive amount of snubbers

installed on systems.

Whern we started, we had probably 200 to 200

snubbers, and now we have 1500 to 2000 snubbers. So all of
that affects reliability. I just got the final project

report . This was done by Livermore, NUREG-CR-4263. It is the
reliability analysis of stiff versus flexible piping.

Generally, their conclusions are that a flexible
piping system has more reliability than a stiff system, and
again, we are comparing the performance of the system for
normal aoperation Albeit you might reduce the margin for
these extreme eavents, you do, in fact, in a small amount
reduce the margin that you have.

In ather words, you are at stresses which are higher
than they were previously for these postulated events. But
again, you want the system to be more reliable for the
day-ta~day operation

Well, that is about ail | can tell you with respect
to the -~

MR. EBERSOLE Can | comment on that? Isn’t that
Just basically due to overdesign of these anchors that we just
talked about, that they will damage the pipe? And if you have
a program coordinated design, that wouldn’'t be true.

MR . BOSNAK : When you say optimization, that is



1P

10

1"

12

14

15

16

L ir 4

18

19

20

ae

a2z

24

25

110

correct. In other words, these systems were never optimized
But even if they were optimized, you require ocur limits ta
meet the allowable |imits 1f you have to put in more

supports than you really would have to, themn again, you are
increasing the probability that you are going to have
something occur during normal operation that you don’t want to
happen.

MR. SIESS: What Jesse is saying, | think, is if you
designed a snubber or restraint so that it had to fail before
the pipe did, would that design be acceptable for seismic
design or would you find it wouldn’t meet your seismic design

criteria?

MR. BOZNAK : Well, it would not meet the seismic
design criteria if, in fact, the support failed. The current
criteria that we have does not permit an item to fail under

the lcads that it is required ~-

MR. SIESS: I know that, but the question is how do

you determine the loads? Jesse would say determine the |oad

that would cause the pipe to fail, which is not necessarily
the load that you get as the seismic excitation. So | said,
suppose you put a limit on your snubber capacity that it could
not cause the pipe to fail under either seismic or thermal
moveneant Would you be able to get a pipe support that would
meet the seismic criteria? I don’t know how these |oads
compare .
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MR. BUSH: How does the designer come up with this

value? I think that is the closest thing to possible for a

designer to establish. You are asking an awful lat of the

designers.

MR. SIESS: I'm asking them to design a load that

would cause the pipe to fail.

MR. BUSH: Well, you've got a whole series of modes
of failure. They will vary from location to location so it's
going to be location-specific, and system-specific. You are
asking them an awful lot, | think.

MR. SIESS: So you can’t really answer the first

part of the question as to what that load would be, and we

wouldn'’t know whether that is greater or smaller than the

seismic |oad.

MR . BENDER: Well, it seems to me that where we have

seen these snubber failures, they have been malfunctions, they

have been mistakes, and none of them have been the result of

earthquakes . So really what we are dealing with -~
MR SIESS: Well, there was some result of water
hammer . The ones out at TMI~-2, the snubbers went to pieces
MR. BENDER: Well, | don’'t know how to design for

that particular problem.
MR . BUSH: | am aware of several cases where you
couldn’t even go back into the records and establish their was

a water hammer , but the evidence Is very convincing that there
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had to be one because every snubber in the system, even the
mechanicals, were locked up S0 it is pretty conclusive that
you have some type of a dynamic event, not enough to shake the
building to the point that it woke up the operator or
something, but certainly encugh to end up with every one of
those snubbers in a locked position, which is not the way you
want it.

MR SIESS: But we do have instances where snubbers
have failed. We have no instances where pipe has failed.

MR. BUSH: I am unaware of any instances, with the
possible exception that they do put snubbers on |ines that are
down to half~inch or three-quarter inch in size, and there
might have been one that failed later and hasn't made it, but
| have looked pretty carefully at the records.

MR. SIESS: S0 the presumptionis on that evidernce
that snubbers are weaker than the pipe

MR BUSH: They originally were, although | must
confess they are going the wrong way.

MR. SIESS: Well, | know the recommendat ion on the
study on the snubbers ocut at TMI-2 was don’t go in and put
bigger snubbers in

MR. BUSH: Well, that is not the answer

MR. SIESS: Well, | don't know how far they got with
that recommendation

MR BUSH: Well, to put it in perspective, | have
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been working on a problem recently on a system, and they are
doing all the wrong things Snubbers were put in to control
vibration, to damp the vibration They put hydraulics in
originally and then they switched to mechanicals. The
mechanical!s have high amplitude vibration field and have
effective lives of 350 to $100., and then they lock up . You
end up with a pile of little shavings underneath the thing and
that’'s It, that’'s the end of the snubber

If you put a new one in, it goes through the same
thing. Obviously, the answer is not to put mechanical
snubbers in those locations. All you are doing i s spending a
lot of money for no purpose. There are other solutions to
this that people unfortunately have not been us ing You can
Use sway braces, you can use loaded springs and things of that
nature, all of which are convent ional

MR SHEWMON Is there one other comment from
the Staff cover here?

MR . HOU Just a while ago | had information about
design philosophy Now, are we going to design the support
and restraint and snubbers in the mechanical flelds? That is
exactly the thinking Dr Siess is talking about I think we
need more study . This is good thinking

MR BOSNAK Ear | ier, Spence ment ioned the group

that is getting under way under the sponsorship of PURC to

look at supports in general Piping supports probably should
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be designed differently than component supports, and by
component, | mean things | ike steam generator vessels, heat
exchangers S0 all of that is going to be looked at, and |
think the things that Professor Siess mentioned will also be
thaught about because a lot of people feel that if a suppaort
fails, it is going to protect the piping system

MR. BENDER: | would like to add one point to the
discussion The things we have seen that have failed in
snubbers and the |ike are really in the smaller systems Even
where we have seen -~ It hasn’'t been in those instances
where the system is large, but the real concern is with the
really big snubbers, where in aorder to put them in, you have
to have a massive structure to support them We don't really
know what the capacity of the support is or the piping

To develop some kind of design approach that permits
those big snubbers to wark, you have got to have some massive
structure behind them, and to me, the argument the Staff is
making right rnow is we have probably gone too far in that
direction. If we take a different design approach on which
stresses are computed, we wor 't need those mass ve snubbers
and that will enhance reliability, and | think that is a
legit imate argument

MR BOSNAK ! Tomorrow morning in the lead-off, |
want to discuss this particular area again, and also to go

back to your letter, the letter that you wrote back in June of



thoughts and nput on this
are going to return to | tomorro
EBERSOLE ave omment on the smal l
It has been onl\ - v, hasn’'t it, that we found
at this .l er~-current hot and cold fluid flow and some
these great big pipes has pulled the anchors out of even
great big pipes”? How big were they, 16 inch?
MR RODABAUGH At least 16
MR EBERSOLE fou know what I mean”? There's a
in point where the anchors came out rather than the pipe
On the replaceable piping, maybe | can
little bit more to what Bob had to say We del iberately
in the PURC Steering Committee have representation from ltaly,
and United Kingdom, and at our last meeting a

few weeks ac the CEGHB discussed for the firs

because / ssked the question before what their philosophy

ping, which think 5 interesting They do not
we l | wbviously this depends on the nuc lear
lon Iinspection and final approval but the current
intent 3 ) OBk That 5 one aspect
The other one is that they would tend to go the
flexibl piping route, higher damping route, that they are
Using the data that’'s available in there S0 one for

zewe | | 8. that 5 the case we're talk ing about whearé¢ they are

tending to take these particular steps




Ncw, this is interesting because here

design in other words this 15 one of the very few

that | would say is on the design boards now, and they are

looking a this very careful ly They expect to have difficulty

in some of these areas in selling the nuclear installation
Iinspector, but they do intend to pursue very actively the use
of the higher damping values

MR SHEWMON How high is higher? Five percent?

MR BUSH Five percent in what | call the bare
pipe | am sure in insulated pipe or in stand-off
installation where you can easily justify higher, they may
well do it; but for right now, that is where they are
puUursuing And of course, If they go the no-OBE route, that
introduces ancother substantial factor with regard to the
design aspects

MR SHEWMON What is the no~-0OBE route?

MR BUSH They are planning on one type of
earthquake, the SSE load I would mention in passing that
the others ~- Bob mentioned briefly, | think, the German Now ,
the ltalians have had four years of exper imental work
Unfortunately most of this hasn’t hit the streets ves They
are willing to make the information available This was the
basis for their coming up with the position essentia ly more
relevant to what Ray is talking about, leak before break, but

they are moving in that same gereral direction for use of




117
higher damping 'S , val ¢ restraints and things of
this nature, much ¥ It based on their ' “per imental

program supported by ENEL and ENEA

MR > ESS The British would have trouble using an

ODBE anyway That would just confuse pecple

MR BUSH I know what you mean

MR BOSNAK The second part of the item that
had here - if we are through with foreign practice on
flexible v sus stiff piping systems - gets into the Japanese
reasons or possible reasons for higher reliability of snubbers
in nuc lear plants in Japan

We have very little in NRR -~ and Jack Burns may
have a little bit more, but we are aware of two companies that
manufacture mechanical snubbers; NHK and Sanwatekk i The
experience that we have gotten indirectly from NHK is that
they have had some problems as well, and they have had to go
to a redesign Sanwatekki supposedly has had a better
operating experience because they initially qualified some of
their designs to strict standard than some of their
sompetitor But those are the only two that we're aware of

're not so sure, if you compare the
manufacturers as a whole, perhaps that’'s the reason for

ook ing at lower reliabilities but there are some certain
manufacturers, not necessarily mechanical but several of ‘he

hydraul ic snubber manufacturers, who have had fairly dezent
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Bob, did you address why the Japanese

stiff piping?

SHEWMON Or do you feel they do?
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MR What would be your measure o stiffness

How many snubbers, how many supports,

ion of frequency”?

SNAK That would be one measure

frequency

MR > 1 ESS Have you got data on that?

MR BOSNAK | don’t have any data here today, no

Because the allegation has been made

have

stiftf piping

and we'‘re going away from it

know what it was based on or how it was measured

MR BOSNAK But again, their spectra is the Housner

which was considerably lower as far as input

IS

than what we use here 20 | think when you compare

¥ percent damping, and -“ow they'ra going to 2 percent

‘'re kind of c

input, vou omparing an apple

orange

So you think that although yvou don’t

stiff that their criteria is such that

it
stiff

MR BOSNAK That’ correct
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MR. SHEWMON: Now, you said that the locads they got
were less just because they don’t have LOCA loads super imposed
on their --

MR. BOSNAK : No, because their seismic spectra is
less than ours.

MR . SHEWMON That's the Housner spectra. But
before that you said the loads they get are less, or the

stresses are less.

MR. BOSNAK : Well, as far as LOCA |oads are
concerned, they have two levels of earthquake. | don't
believe and |'m not sure that they have an OBE. They have an
S=1 | think, and if anybody in the audience knows --

MR. SHAD: They have S-1 and S-2. Also, | think,

Dr. Shewmon, you’'re right. They don’t combine ''OCA with SSE.

MR . BOSNAK : Which would be more severe, again, for
the BWR than the PUR.

MR . SHEWMON : Okay . Harold?

MR. ETHERINGTON: Remaval of constraints on the big
piping will impose greater displacements on the branch
piping. Does that look as though it’'s any kind of a problem?

MR . BOSNAK : Well, as far as removing supports is
concerned, when one does that you have to look at all of the
displacements that are asscociated. You’'ve got to go through a
whole new re-analysis, make sure that your clearances are

adequate, do you have any | ine mounted equipment, the
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accelerations may increase All of that has to be taken into
account
MR. MICHELSON What will be your data base for

getting information on snubber failures in the future? Or
will they be reported?

MR. BOSNAK: You mean in this country?

MR. MICHELSON: VYes, yes.

MR. BOSNAK : They'‘'re still in the ~--

MR. MICHELSON: Are they in the new LER rule,
though? I don't think, unless it’'s an unusual kind of
failure that is generic and indicating a safety issue, a
single snubber failure would not be reported. I don’'t think
it’s reported to NPRDS either, but |’'m not sure of that.

MR. BOSNAK : The Tech Specs do require a change in
the -~ if they have a snubber failure they are required to
increase the frequency of surveillance.

MR. MICHELSON: Oh, they are.

MR. BOSNAK : So | think there will be some -~

MR. MICHELSON: 1'm not sure that it stil! picks it
up, though.

MR. BUSH: The only thing it would do there is you

shorten your interval and increase youwr samp'e until you get
down to the -- the bottom |line is six weeks, which of course
is a short period. But you could be right.

MR. MICHELSON: But that wouldn’'t make it reportable
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under LER necessarily

MR. BUSH: Prabably where it might be would be INPD

MR. MICHELSON Yes, except the NPRDS data base |
don't think picks it up either, but |I’'m not sure.

MR. BUSH: That's scmething | can’t say.

MR. MICHELSON: Somebody ought to look into it,
though, and find out.

MR . BOSNAK : Also, the regions are aware of the
frequency of inspection of the snubbers. In other words,
that’'s a function of the failure rate.

MR. SHEWMON : Bob, can we get a commitment out of
the staff to see where there is -~ how that is recorded if
anyplace?

MR . BUSNAK : Yes, we will check into that and report
back to you.

MR. SHEWMON : Can we adjourn for lunch now? Okay.
We’'ll see you at 1:30.

[Whereupon, at 12:320 p.m., the meeting was recessed

for lunch, to reconvene at 1:30 p.m.
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AFTERNOON SESSION

1:35 p.m.

MR. SHEWMON All right, let’'s reconvene.

MR. KLECKER My name is Ray Klecker, |’m from NRR,
and the slides | have are in the handout so you can fol low
along

First of all, | thought we would define what we're

talking about here when we're talking of leak before break,

and | might add based on some of the questions that arose this
morning as to how we got here, just a little bit of history,
not to regurgitate it ail. But this started out as a problem

as far as loads both on the internals and the externals of

reactor vessels. And it was found that if one postulates a

full double-ended break at the support systems for the reactor

vessel, that some of the older facilities would not accomodate

i, And in the process of seeing what could be done about it,

it was found that to fix it mechanically would be awful

difficult.

€o at that time, pecple started doing analyses,

postulating flaws in pipes and so forth, less than a full

double~ended break, to see at what limit they could |ive

with. And they found, indeed, this was a viable approach.

So that’'s where it originated. It wasn’t called

leak before break in those days, but it really is the

application of fracture mechanics technology and the licensing
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process to demonstrate the integrity of nuclear facility high
energy piping systems, in lieu of requiring non-mechanistic
double~-ended guillotine breaks. Because as socon as one

postulates these non-mechanistic breaks, then restraint
systems are required, and in the case of these older vessels,
different supports both for the vessel itself and then there’'s
also the question of the reaction locads on the internals of
the vessel itself.

o in that case then, we are limiting the
application against the dynamic effects as addressed in

General Design Criteria Nao. 4.

[S]lide.]
MR. MICHELSON: Well, it’s my understanding that the

loads on the internals in the vessel are going to be there,

irrespective of whether or not you postulate the intermediate

type breaks because you still have to postulate the terminal
pipe breaks. And even in a blowdown | thought changed the
loads . So | don’t think it has anything to do with internal

Ioads in vessels.

MR. KLECKER: Well, what we're saying., however, is

we do not have to postulate the terminal end breaks if one can

Justify the approach -~

MR. MICHELSON: Well, that’'s a different statement,

though, than you had in your siide. The non-mechanistic

breaks are | thought the intermediate breaks.
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MR. KLECKER No

MR. MICHELSON: You're defining mechanistic now to

include the terminal breaks as well?

MR. SHAD: Because the break was -- even though the

stress was lower, we still had to posit two intermediate

breaks and two other breaks.

MR. KLECKER: Well, the intermediate breaks will be

discussed a little separate from this. When | get to the

final! recommendations of the Piping Review Committee, yes, we

did recommend el iminating those breaks as wel |l . But we don’t

do it by the same route. We don’'t necessarily do it by leak

before break approach.

We are looking at, in a sense, the terminal end
breaks, primarily those that -- wherever you have welds and so
forth. I will get into exactly what we do in a future sl ide
here.

The question has come up a number of times, why
don’'t we Ilimit it to the dynamic effects. Well, there are a

number of reasons; one is that we have done a lot of our
homework looking at the various analyses performed against
dynamic effects, primarily for the large primary coaolant
system piping in PWR’'s .

We do not include the effects of ECCS on containment
in this case simply because as we mentioned this morning, you

fail some bolts and stuff |ike that somewhere in the system,
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you could have valves leak and so faorth 20 one still needs
containment for those purposes And perhaps sometime in the
future, say 5 or 10 years downstream, both the industry and
the staff may be looking at eliminating some of those effects,
too

But for the time being, the immediate payoff is in
eliminating these big breaks and getting rid of the dynamic
effects, which allows then the eliminating of pipe whip

restraints, jet impingement shields and a whole lot af other

peripheral situations which | will discuss later.
| guess | already mentioned that these malfunctions
-~ there are socurces of load, so you still need containment.

Now, from an administrative or legalistic point of

view, to allow for the dynamic effects requires only a

revision of General Design Criterion NMumber 4, whereas, if we

were to address ECCS in containment, we'd essentia!ly be

addressing the full book of regulations as affecting nuclear
power . S0 it’'s considerably different, an order of magnitude

different degree of work.

[S]ide. ]

Now, dynamic effects -~ | have |listed the main ones
-~ are the pipe whip and other pipe break reaction forces.
The jet impingement forces ~- the vessel cavity and
subcompartment pressurization, including the asymmetric

transient effects which is the effect on the internals of the
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vessel, and pipe break-~-associated transient loadings and

functional systems or portions thereof whose pressure
retaining integrity remairns intact. That is reaction forces

that reflect down the pipes and so forth.

Now, 1 put down here the final conclusion of the
Piping Review Committee. This has been digested out of Volume
9. The Piping Review Committee recommends that the NRC

consider granting exemptions to GDC-4 during the rulemaking
process. Now, you will hear a lot more about where we stand
on the rulemaking process later in this program.

The benefits to be gained are significantly great to
warrant ~-- and again, the lawyers inserted the words
"schedular treatment” -~ in order to achieve the in-plant
cbjective of implementing the exclusion of consideration of
the above dynamic effects at the earliest possible date.

Mow schedular exemption in this case means for a
period of, say, several refueling outages. And that will be
discussed a little more later on,

MR. MICHELSON: Excuse me, could you clear up for me
one point? In GDC-4 you're really dealing with two
conditions; the environmental condition, which is the first
sentence of the GDC, and then the second sentence which deals
with so~called dynamic effects. Why is pressure a dynamic
effect instead of ~-- well, certain aspects of it clearly are

dynamic effects,

but why is pressure not an environmental



1 instead of a dynamic effect?
. 2 MR . KLECKER I'm not sure | understand the

2 quest ion.

4 MR. MICHEIL.SON: Okay . Subcompartment pressure. 1§

S | break a pipe in a room, that room pressurizes. Is that an

(5] environmental condition of that room, or is that a dynamic

7 effect in that room?

2 MR. KLECKER: Well, from an instantaneocus

9 double-ended guillotine break, the pressure rises as a spike

10 very rapidly so you get differential pressures across the

11 wall, for instance, just due to that effect. Whereas, if |

12 have a small leak, the pressure can equilibrate between the
twae sides of the compartment walls. So an environmental
effect is still there; the dynamic effect is gone.

MR. MICHELSON: Well, when you say you're

eliminating dynamic effects, are you stiil including, though,

the final peak pressure in the subcompartment as an
environmental effect?

MR. KLECKER Well, 1"'m not sure. ¥ we eliminate
the double~ended break there are other sources of
pressurization of that compartment . for instance, smaller
lines that may be -~

MR. MICHELSON: What |1'm getting to is | have been
reassured on everal cccasions that you're not changing any of

the envirormental qualification requirements. Aand one of
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them, of course, is pressure.
MR  KLECKER: Well, abviously, environmental effects
will be lessened if we eliminate the full double-ended break .

S0 we're handling that on a case-by~-case basis

MR MICHELSON: Well, | haven't found that discussed
anywhere . I hope we get to that discussion because that's
Quite a bit different than | have heard, and | would |ike a

real clarification on whether or not you’'re considering
environmental effects of pressure or not.

MR . SHEWMON : Well, the pressures will be reduced if
you reduce the break size. Are you concerned about whether
they would completely eliminate pressure?

MR. MICHELSON: Yeah, right.

MR . SHEWMON: Okay. But --

MR. MICHELSON: Because if you leak before break and
so forth, you're not going to get any pressure anymore, you're
not going to get any temperature, by the w;y, to speak of
anymore either . You’'re not going to worry about a number of
things and you don’t need ECCS either, but they said, well,
ECCS we're not going to touch; we’'re going to keep it.

But | was tald in the environmental subcommittee
they were going to keep environmental .

MR . BOSNAK : If | could inter ject here, that's
correct . The environmetal effects are not changing. What

we're talking about, if you want to call it, is static
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pressure effect rather tham a dynamic pressure effect. That's
still there.

MR. MICHELSON: Yes, that doesn’'t come through in
any of the rulemaking material |’ve been reading. I can’t
figure out ~~ it clearly says ~-

MR . BOSNAK : I think in the rulemaking it speaks to
not changing the environmental gqualifications

MR. MICHELSON: I can’'t even find that.

MR . BOSNAK : That's in there, |'m sure of it.

MR. MICHELSON: But clearly, you did you're
eliminating pressure now because pressure was deemed to be a
dynamic effect. And | think you need a clarification of wh _t
the dynamic aspects -~

MR . BOSNAK : We’'re eliminating the dynamic effects.

MR. MICHELSON: The shock wave effacts, that sort of
thing That needs to be cleared up. I thought that’s what
you were doing.

MR. SHEWMON : Jesse?

MR. EBERSOLE: Early on | deliberately asked about
the matter of the equivalent split but not the double-ended

break . You qualified this by calling it the double-ended

break . The industry will interpret that explicitly, | think,
and ~- that is, what you've got up here ~- and thus, not allow
for the equivalent split. And that will permit them to do ~--

and 1’11 just arbitrarily give you a configuration -- that
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will let them lay up a 28-inch steam |ine against a control
room which will have a split equivalent to double-ended break
and carve its way right in there and kill all the ocperators
and blow ocut the plant. What is going to prevent them from
doing that?

MR. KLECKER: Well, when we get to our detailed
criteria for the application of leak before break we do
include a requirement to look at other crientations of flaws.
Not only the longitudinal split but possibly elbows. We may
have to look at diagonal splits at some angle between -~

MR. SIESS: Yes, but in these general words you have
eliminated jet impingement as a generic context.

MR. KLECKER: Well, if we eiiminate the splits, -~
you see, we do also look at the longitudinal splits in pipes
when we do the fracture mechanics. It turns out for the cases
~-- especially the ones we have l|looked at ~- they are not
limiting because the tendency for the driving force to open
them is merely pressure and so the stresses are fairly low.
Whereas in the large pipes, the bending moment is the dominant
load on these pipes.

MR. ETHERINGTON: lsn't it the words that are
incomplete? The report did specifically cover all kinds of
breaks equivalent to double-ended breaks.

MR. KLECKER: | believe in Volume 3 we tried to be

much more explicit than what | have in some of these sl ides.



P

10

1

12

14

15

16

17

18

19

These are not legal words.

MR. MICHELSON: When you say youw are not going to
cons ider subcompartment pressurization vet you will consider
the max imum pressure that is reached in terms of the
environmental qualification of equipment, does this mean also
that you use that same maximum pressure for qualifying
structural walls and so forth?

MR . BOSNAK : The answer (o that is yves, that would
be used if there is a way for the pressure to decay.
Generally they would use the heat pressure as a conservative
way of designing it.

MR. MICHELSON: So, what does it mean now that you
are not going to consider subcompartment pressurization? What
aren’'t you going to consider besides shock waves?

MR. BOSNAK : What we are really talking about is the

‘assymetric pressurization effects.

MR. MICHELSON Yes, and | don’'t have a problem with

that, but | have a problem when | start reading the words

because it sounds |ike you are no longer consider ing

compartment pressurizations due to breaks, whether they be

pipe breaks, component breaks or whatever. And that is a

different matter entirely. So maybe it is just a cliarification

of the words, eventually.

MR. KLECKER: Let me have one more try at it. 1f we

have, let’s say, a relatively slow leak or, let’s say, a leak



D]

10

1"

12

o

14

16

17

12

19

20

132

from a smaller line such that the dynamic effects -- that is,
the differential of pressure across the wall -~ is more or
less uniform because they are all vented from one ta the
other, and if you look at the structural effects of that, it
is very minimal compared to, let’‘’s say, if | have a

double~-ended break or equivalent longitudinal split in a great

bit line, or | can for the first instance have a tremendous
force or. one side of the wall as contrasted with the other.

But we stil. have to live with the equilibrium
pressure. That is why we go back to the containment design
We do not want to touch that. So the containment will still
be designed for the equivalent of a double-ended guillotine
break .

MR. EBERSOLE: Well, how does that do any good if

the compartment blows up

MR . KLECKER What we are saying is if we eliminate

the double-ended guillotine break, it won't.

MR . EBERSOLE: Well, suppose we know there’'s a split

on the 25 degree ~--

MR. KLECKER: Well again, that would be a relatively

small leakage size crack rather than, say, a very large one.

MR. EBERSOLE: Well, earliar on | think we said it

was twice the area, an equivalent split

MR. KLECKER: Well, that is the present requirement,

but we have done away with that
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MR . KLECKER:

MR. MICHELSON:

134

You are going to eliminate the split?

Yes .

What he said, | think, is that he

isn’t going to have any breaks in compartments.

MR. EBERSOLE:

MR. MICHELSON:

Just leaks .

That gives me a praoblem because

things in compartments besides a pipe might cause a leak, |ike

a valve bonnet will blow off, and if it does, you are going to

blow the room apart if you don’t design for it.

MR. EBERSOLE:

breaks next to critical

And youw won’'t have any substantial

support equipment .

MR. BUSH. But Carlisle, how do you think what he

has proposed now is going to change that situation? It is

going to change nothing.

MR. MICHELSON:

Well, what is being done today is to

design for the double~-ended rupture relative to the

pressurization of the compar tment

MR. BUSH But who is designing any plants these

days . This isn’t going to change anything.

MR. MICHELSON:

think you are right in terms of

today, sure. If that was the case, then it would be

different, and this ought to not be allowed on new plants.

But it is written for new plants as well The rulemaking is

written for rew plants.

MR . EBERSOLE:

That’'s the way | was looking at it.

presume that GE and West inghouse
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will ride this train right down the middle.

MR . SHEWMON Well, if they ever sell any new
plants, let’'s keep in mind to review it again, but | don’'t
want to hold this up any more. Let’s go

MR . KLECKER: Well, | have listed here some of the

other effects.

[S1idel

| am not going to spend a great deal of time on

them. They are in your handout and you can read them at yvour

leisure. But there are a lot of supplemental effects, too,

that come into play if you eliminate the large doubie-ended

break .

LSl idel

MR. EBERSOLE: You mean the large break, period.

MR. KLECKER: The large break, period,.

Now, some of the advantages that go in the leak
before break are listed here in this slide and some of the
subsequent ones. This infaormation is contained in the value
impact analyses that were done for the rule change I’'m not

sure whether you folks have seen that yet, but eventually you

will. In the back of the handout that | gave you, there is
some supplementary information, which | don’t intend to get
into unless you want to. | don’t have the sl ides.

You will find here, let’'s say, for the primary

coolant system, both for PWR and BWR facilities. These
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numbers are based for the PWRs on a total of 85 facilities
These numbers are based for the PWRs on a total of 85
facilities, and in the case of a BWR, about 23 facilities, by
various combinations of operation, in the process of being
built or under design.

Here you see you have got roughly a $2 million
saving per facility, taking this number and dividing it by 285,
or the best estimate and divided it by 25, and down here it is
roughly $1 million per facility with a primary coclant system.

In terms of man rem, these are these are the values

that are saved. Here again, this is some 24,000, and if | add
this 2,000, it's over 40,000 man rem that are saved. Now, the
negative effect of man rem hardly shows in these numbhers. It’'s
down on the order of a few man rem. So there is a tremendous

gain in terms of man rem, which is one of the main objectives,

as well as dollars.

MR. BUSH: I think for the record, since it is being
taped, | believe that slide deoesn’t say $2 million. I think
it says over %200 million.

MR. KLECKER What did | say?

MR. BUSH. Oh, you made the division. I'm sorry.

MR. KLECKER: Right. Was trying to get it on a per
facility basis, which is the basis for this next sl ide here

[S]ide)

If we look at other than the primary coolant system
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-~ well, then you have a lot of other restraints that can be
removed, so this includes now a Westinghouse-designed plant in
operation, a Westinghouse plant in final licensing stage, a
B&W plant in the same stage, and GES3AR. 0f the total --
these are the full pipe whip restraints that are now in these
plants, say an average of 153, and the amount that could be
removed if we eliminate, let’'s say, the large breaks on all
piping systems that they choose to eliminate them on, then
they would eliminate approximately half of the pipe whip
restraints.

Now, there is some reason for not removing them all
because when you get down to the smaller |ines, the economics
are not necessarily in favor of removing them. Also, some of
those restraints also serve as supports, and to redesign them,
they just said it is not worth it.

So the main dollars and cents accrue to the larger
pipes.

Now, as far as jet impingement shields, there is a
similar ratio that you would remove approximately one-half of
them.

Now, the total estimated cost savings for pipe
systems other than the primary reactor cocolant system is
something on the order of $90 million per facility, and about

two~thirds of this number is essentially the cost of downt ime

to take this equipment out for inspection and so forth The
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MR . SHEWHMON : There was some talk this marning about
Class & and Class 2 piping systems. Once you are out of the
primary system, where does all this money come from for all
the pipe whip restraints? What systems are these?

MR. KILECKER: These are supposed to be all the
systems in the facility

MR . SHEWMON : The bottom |ine there that you said
was non-primary.

MR. KLECKER: Oh. The piping that is not the main
coolant piping of the PWR or BWR because there are a lot of
branch lines and so forth that run off of it. Pressure surge
line and so forth

MR. SIESS: Is this both inside and outside
containment?

MR . KLECKER: Yes .

MR . SHEWMON : The piping to the pressurizer is not
primary reactor coolant piping?

MR. KLECKER: Well, it's connected to it. | consider
it a branch |line, but --

MR . SHEWMON : When you say other than primary, you
are talking about things that are still the primary pressure
boundary, but the way you counted there -~--

MR. KLECKER: Other than the main loop piping, the

large diameter piping.
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MR. EBERSOLE: I wanted to ask you The general

effects of this would be to eliminate that sturdy wall that
has been put between the turbine hall and the critical
auxiliary building and its facilities internal to it because,

by virtue of eliminating the turbine missile problem, that has
gone away, by the main steaml!line failures and the reaction and
jet forces and so on, that has gone away, so you could put up
a brick wal!l there now and say, well, | want more money than
this.

You are looking into a radical reduction in physical
strength of the structures

MR. KLECKER: I'm not sure those effects were taken

into account when they did this analysis. Do you happen to

know? | assume it is mainly the pipe whip restraints and
so forth We do have an application in house that is now on
hold to review, let’'s say, piping systems in the turbine

building. We have not done so to date, primarily for
administrative reasons until the rule change is made. We have
not addressed that.

We would, of course, if we get applications of that
nature in the future, would have to look at it on a
case~by~case basis

MR . EBERSOLE: What ! am saying is you are basically

eliminating energetic effects from pipe failures wherever you

go .
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correct .

MR. KLECKER: For avery pipe we redo, that's

MR. MICHELSON: Yet the decision is based on the

idea of knowing that pipes can break and nothing else can

break and cause such energetic effects |ike pressurization, so

they don’'t need to put in these heavy walled compartments

anymore except for shielding if shielding happens to be a

cons ider

ation.

MR. SHEWMON: But if there is something else that

could break there, presumably they would look at it.

parallel

correct?

you are

yet . We

make that clear .

though,

MR. MICHELSON: Well, that’'s not clear.
MR. EBERSOLE: Orne can run emergency feedwater | ines
to each other virtually along one route. Is this

MR MICHELSON Right

MR . EBERSOLE: You know, it is far-reaching, what

doing. Is that correct?
MR. KLECKER: That is right Well, we are not there
have not reviewed all of these situations. | want to

MR. EBERSOLE: Well, the generality of the |language,

will almost always result in the cheapest run.

MR . SHEWMON Unless there’'s some reason for

redundancy or separation There are other reasons for

parallel

trains

in opposite sides of the plant than pipe
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whip
MR. EBERSOLE: Well, you will be troubled to find
very many .
MR . SHEWMON: Well, one is sabotage. Another |is

fire, and certainly fire considerations aren’t going to go

away .
MR. EBERSOLE: Fire never does bother pipes
MR. MICHELSON: It bothers what is on the end of the
valves. If you go back historically and look at the pipe

situation in 1972, '73 or '74 when this was brought to the
attention of everybody in these letters, the solution was to
go back and do an analysis, breaking pipes one at a time.
Well, questions at that time were even raised about, well, how
about other things that can cause |eakage, pressurization,
adverse temperature effects and so forth?

Wel!, the answer was then, well, these are all
bounded by the pipe breaks, and that’'s why they even picked
these arbitrary intermediate pipe breaks, to be sure to bound
the kinds of breaks that would otherwise have to be
cons idered .

If you aliminate pipes now as breaking, thern you
have to also either go back and el iminate valve bonnets, check
valve cover plates, manhole covers. You have to eliminate
these kinds of things also or you have to go back and start

considering them as the environmental challenge to the plant.
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We haven’'t dorne that.

MR. SIESES: Well, | am confused They are talking
about removing physical restraints, whip and jet impingements
to the pipes. Are you talking about physical restraints on
valve bonnets or are you talking about environmental effectgs
of a break?

MR. MICHELSON: Environmental effects.

MR. SIESS: So the question is does removing the
physical restraints of pipe whip and jet impingement change
the environmental conditions you would assume in a particular
room for a qualification of environmental equipment?

MR. MICHELS0ON: Precisely. And the answer | got a
little while back from somebody else was no, you still have to
use the same environmental conditions. Now, |'m not sure |

hear that answer today, and | keep hear ing caveats on it, and

“1'm really wonder ing now. Nothing in the rulemaking comes out

and clearly says that for purpnses of envirommental
conditions, you still pick an arbitrary --

MR. SIESS You don’t have to have a double-ended
pipe break and a whipping pipe to get the steam out

MR. MICHELSON: That’'s right. S0 it's a different
issue. But the question is, if they aren’t using a
double-ended rupture for the environment, what are they us ing?

MR. KLECKER: I think in a lot of the literature

that we have written on this, we do have to consider these



oming off and so forth The other sources of
leakage have to be considered We are not eliminating that
Even |leakage from the pipe you are
about
MR. KLECKER That’'s right
Because you’'re not saying the pipe won't
saying it won’'t break
KLECKER That's correct
MR . BOSNaAK RAgain, the envirornmental conditions
aren’t going tao change What we are saying is that the
dynamic effects ~-- and the pressure obviously will change
because of the dynamic effects being e!iminated

MR MICHELSON That is an environmental condition

BOSNAK But you will have a steady state

ressure, and that would be the environmental design

condition

MR. MICHELSON And with that, | would agree But

where is the basis now? somewhere you have to make this clear

to the user

MR SIESS What GDC addresses the environmental

1M CHELSON GDC~-4 It’'s the first sentence of

that GDC ou like, ! can read it

SIESES And the Staff thinks that the word




The Staff thinks that dynamic effects
means a ce al break as well 5 the whipping of the pipe as
far as the environmental conditions

MR BOSNAK Right
MR MICHELSON ANnd they also think that
pressurization is a dynamic effect
MR SIESS Rapid pressurization
MR MICHELSON No, it doesn’t say rapid
says "and pressurization in cavities, compartments and
subcompartments
Well, one reason that the Germans
established an upper bound size was that if vou stay below a
n pole s i s@ that word rather than crack
then essentially jet lcads are not a parameter

vou have is the condition that Bob has been talking

You have something that is steady state, it
certainly not a dynamic pressure, and | think that is what he
IS really talking about here

MR MICHELSON Well, somewhere there must be a rule
on how you calculate pressure for environmental qualification

purposes - what break size do you assume and so forth for

that purpose?

MR SHEWMON Let’'s file that as one of the things

that we ought to consider later




MR SIESS But what were you quoting from?
MR MICHELSON | was reading from the rulemaki ng
was lookirg at the proposed broad scope rule, page 3, bottonm

of the page scope of rulemaking

’

Okay I"ve got it

MR MICHELSON ANnd the second sentence of that is
what | was reading There it points out two things The jet
impingement, the decompression waves, and the pressurizatio.
in cavities, subcompartments and compartments

[21idel

MR KLECKER I thought | would tel! you where we
stand as far 8 A=/ but so far no action has been taken on

There as been rno response from the remaining 13
facilities However , | understand that our Division of

Licensing i on a push for some activity in that respect

The CESSAR review There was a letter to Combustion

Engineering last October, arnd we are about halfway through the

review of a new B&W report at this time
MR EBERGOLE Let me ask a question again about
~-reaching effects of this There is a big effort going
to qualify wvalves but so far no action has been taken
There has been no response from the remaining 13
cilities However, | understand that our Division of
icensing Is on a push for some activity in that respect

The CESSAR review There was a letter to Combustion
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Engineering last October, and we are about halfway through the

review of a new B&W report at this time

MR EBERSOLE Let me ask a question again about the

far~reaching effects of this Thnere is a big effort going on

qualify valve functions, to see that the valves do what
they are supposed to do The hypothesis has in general been
that they must intercept flows derived from full size pipe
failures This takes a considerable dynamic capacity to do
this Are you going to wipe that requirement ocut?

MR KLECKER That would be a dynamic effect

MR EBERSOLE - 5e I mean
wanted to slice through that right this instant

MR SHEWHON Well, if we conclude that those
aeffects were incredible in the plant then why not eliminate
them through the testing of the valve?

MR EBERECLE Well, | am saying IS this a spin-off
from this process? But then, of course the environmental
conditions that we are predicting can’'t exist either because
they are only caused by these big breaks 'f you postulated
smaller breaks, the environmental effects are no where rnear as
severe

MR SHEWMON That may be true

MR MICHELSON SO what | think Je

say 15 what are we intending here?

SHEWMON That message has come through




MICHELSON Ok a1y
KLECKER As far as the near-term operat ing
there is & o 22 units that we have reviewed
to date They are isted in here Il won’t bother to read
them off There have been exemptions granted at Unit 1 of

Comanche Peak for jet impingement shields only simply bec:

they already had the restraints in The Vogtle unit was

blessed, say, for its lifetime, and at Catawba they were given

a schedular exemption

MR SHELMON On thos what do yvouw do for the
stainles I components? At least the B&W has nothing in
there at al n that dat:

KLECKER | am going to discuss

they did not get an exemption simply

because they asked C nly a very |limited benefit from the
leak before break approach That is, they wanted to replace
the water ags in the shielding adjacent to the vessel with
permanent concrete plugs, and that was approved

Now, there are several of these that need to be
updated WVe have had a number of applicatis , one on Prairie
Island which we now have under review, and Indian Point

which we also have under review




s

143

I might say a word here about Indian Point 2 because
the analyses were done by fracture-proof design an that orne,
which includes Paul Parris as well as other pecple. In our
review of that, he originally came in with his large break
requirement, and after some discussion with both Indian Point.
3 folks and Parris and company, it was agreed that they would
also look at it the way we wanted them to look at it, that is,
look for leakage size cracks, so they are stable, which
they have done. So they have essentially agreed with us on
that .

Now, these other ones we have not reviewed to date
simply because it was decided administratively we would wait
for the rule change on that

Now, these are secondary lines, and the Nine Mils2

Point 1 is even ocutside.

MR. MICHELSON: I would like to ask you about
Seabrook since | have read a little correspondence about it.
In your letter dated April 12, 1985, they asked for

elimination of arbitrary intermediate pipe breaks in feedwater
systems, and that is all they asked for, yet. Then they
submitted at the same time an amendment to their FSAR, but in
writing their amendment, they made no mention of feedwater,
but the amendment is good for the whole plant .

MR. KLECKER: Well, there probably are two letters.

Now, Bob Bosnak and his group reviewed the arbitrary and
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intermediate breaks, and they respond separately from us, so
that would not necessarily be a leak before break application

MR. BOSNAK: We will cover the arbitrary and
intermediate breaks tomaorrow

MR. MICHEL30N: There is a difference?

MR . BOSNAK : Very definitely, because one is based
on fracture mechanics and the other are arbitrary

MR. MICHEL.SON S0 you mean they submitted a
separate one for the rest of the breaks? They submitted with
this the F2AR amendment, which covers all breaks. It
eliminates all breaks

MR . BOSNAK : These are handled differently. The
arbitrary intermediate breaks are a separate submission on the
part of the utility, and a separate answer is given. Thare is
no extension required in GDC-4 for arbitrary and intermediate
breaks. All it is is a deviation from the Standard Review
Plan, and that’'s the way letters have gone out.

The first one was on Catawba that went out early in

1984 .

MR. MICHELSON: Well, that’'s interesting. Thank
you .

[S)idel

MR. KLECKER: Well, now we are finally getting to
our report . I don’t intend to discuss all of these because at

a meeting we had with Paul Shewmon’'s subcommittee last
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Movember 8, | believe it was, we pretty much went through that
report. I will try and touch just the highlights of it

In general, look at, let’s say, Chapter S, which are
the acceptance criteria The value impact we have already
disscussed something of, and then we will have to try ocur hand
at a few fracture mechanics comments that were raised this
morning here.

[S!lidel

Now, | have used this slide before as sort of a
digest of the way we look at cur requirements, and rather than
getting into all the details, which you will find in the
report, | am just going to highlight the steps that we go
through in a typical analysis.

We ask that they take the largest flaw that could be
missed during in-service inspection or which would be

permitted by Code and review that, a peak analysis to show

that it wil! not grow significantly during the service of the
plant for the normal Icads that are applied on that, and we
find in general that this rose insignificantly. You would

have possibly a fairly deep crack and fairly long in order for

it to go through the wall during the plant |ife.

There are also some |limitations on the use of
fracture mechanics, and that, | guess, was alluded to a little
bit this morning also. The main reason ~-- if you have thermal

fatigue or stress corrosion cracking,

rather than having a
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flaw, let’'s say, at one side of the pipe, these flaws could be

distributed around the pipe And we showed the sl ide whera
indeed they were due to stress corrosion cracking

In this case, this procedure is not used We stick
with pipes where the predominant lcads are generally bending,
in which case the flaws, if any, in the pipe are going to
originate and grow primarily on one side of ‘“ae pipe.

Exper ience has shown that to be the case.

Then, even though you have shown that this crack
isn’t going to grow, we ask that you postulate the throughwall
flaw of sufficient size such that the leakage can be detected
with assurance with the installed leak detection equipment,
and then, if undetected prior to an earthquake, show that that
flaw will take the earthquake loads without growing.

MR SHEWMON: Now, you say equipment . Do you also
have practice in there, that is, whether trey check it once a
week, once a day or once a shift?

MR. KLECKER: Well, actually, the tech specs have
requirements. They design the systems in the plant to Reg
Guide 145, and the technical specification or the tech specs
for the plant will tell you how often you have to review it
What we are saying is this crack, even in a period of weeks or
a month, will not grow significantly

MR . SHEWMON: No, that’'s not the question. The

comment was that the equipment there for detecting leaks will
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detect, but you say nothing about their procedures, vet in the

recommendations that came out of Spence’s talk earlier, there
was a recommendation that they go to more frequent monitoring

MR. KLECKER: That was on the BWRs. On the PWURs
which we have reviewed to date, they are supposed to be able
to detect one gallon per minute -~ or one hour.

MR . SHEWMON : With their current procedures?

MR. KLECKER: With their current procedures, and
that is reviewed by another branch. So it is reviewed Then
we take that particular crack and test it in two different
ways . One, we say how far away from the critical crack size
is that crack? And we ask that a margin -~ and | have added
the value of 2 in here, which was not on one of our original
slides, because this is a consequence of the del iberations of
our Piping Review Committee

So we say that this crack must be less than one-half
the critical crack size of that pipe. The other way we test
it is we ask that vou increase the loads on that pipe
arbitrarily by a factor of the square root of 2 and show that
this crack, the aoriginal crack, now, is stiil stable. So we
test it both in terms of crack size and in terms of l|loads.

LSl ide]

Now |'m going to speak a little bit about some of

the uncertainties we have Iin these analyses and so forth

Again, this is a slide | used once before, and just to put it
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into perspective ~-

MR . SHEWMON Before you leave that last one, the
LBL approcach shall not be considered after a high energy fluid
system piping o portions thereof that operating experience

has shown susceptible to failure from the affects of

corrosion, e.g., I6GSCC. The reason for this is se!f-evident,
it says. It’'s rnot self-evident to me. Could you explain why?
MR. KLECKER: Well, maybe the words were a little

hard, but in stress corrosion cracking, since the dominant
stresses generally are due to pressure and, let’s say, the
residual welding stresses, which | are distributed evenly
around the circumference of the pipe, that if a crack grows at
all, it could grow almaost 360 degrees or intermittentiy 360
degrees around the pipe, in which case, if it grew, let's say,
a significant depth there, the leak before break approach
would not necessarily apply simply because you have no real
guarantee it will break out at one corner of the pipe

However, in a real case ~- we will go back to Dwayne
Arnocld a number of years ago, where it was approximately 75
percent throughwall most of the way around, and it did break
out to one side because there was some bending moment on that
pipe.

MR . SHEWMON : But that’'s the basis, the fact that it
could go 260 degrees

MR. KLECKER Yes . But if the dominant |oads are
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bending, that is not the case.
MR . SHEWMON Okay, thank you.
MR. ETHERINGTON: Along the same |ines, though,

suddenly it would break through geometrically at the point but

it would be unstable, and the crack will immediately grow to
some fraction of the inside length. So the way in which the
crack grows is important. I think Westinghouse at one time

had what they called a two-crack criteria in which the crack
could grow lengthwise or depthwise.

I notice in one of the sketcnes you show the crack
as going deep with very little increase in length. Can you
say anything about the variation around the per imeter or what
determined whether it goes long or deep?

MR KLECKER: Yes . Based on both analyses and

experience, say if this is a pipe wall, and let’'s say we have
a throughwall parallel crack As this grows, the J applied ~~
you see, my loads are now dominantly bending. The J at this

peak of the crack is much greater than it is out here at the

surface.

MR. ETHERINGTON: Well, when there I3 a growing

crack, we are talking K rather than J, aren’t we?

MR . KLECKER: It goes something |ike this, and
eventually it will break through. Now, it won't be a nice,
clean crack That is an idealization. But generally

speaking, it will grow something |ike this.
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MR. ETHERINGTON: This is a fatigue crack, is it?

MR. KLECKER: Yes

MR . SHEWMON: S0 could we substitute K for J in what
you just said, your last paragraph, without offending you?

MR. KLECKER: For the locads we are talking about,

ves, if i1t helps you understand.
MR . SHEWMON Well, one usually talks K.
MR. KLECKER: Well, we usually do fatigue crack

growth in terms of K, yes.
| want to talk a little about some of the
uncertainties so we don’t go away from here leaving you

thinking that we have everything 100 percent under control.

L2 ide]

This is not a science at this time. This is still
an art, and we have some things to learn. However, if we put
things in perspective, the slide | used last time is the same
as this one except now | have put on some of the uncertainty
margins that might accrue This was the exper imental point
Cindicatingl. In this case it was an actual pipe test . There

were three different approaches used to calculate the failure

of that pipe, which would be this | ine here in terms of J

The more optimistic one fell short by about 12 percent. In
other words, they predicted it would fail about 90 percent
less than where it did fail Orn the other extreme, the NUREG

approach is about 18 percent the other way €o that is
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