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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

SUBCOMMITTEE MEETING
on
RELIABILITY AND PROBABILISTIC ASSESSMENT
Room 1046
1717 H Street, N.W.
Washington, D. C.
Wednesday, 5 December 1979
The ACRS Subcommittee on Reliability and Probabilistic
Assesrment met, pursuant to notice, at 9:35 a.m., Dr. David
Okrent, Chairman of the Subcommittee, presiding.
PRESENT:
DR. DAVID OKRENT, Chairman of the Subcommittee
MR. HAROLD ETHERINGTON, Member
DR. J. CARSON MARK, Member

MR. JEREMIAH J. RAY, Member
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PROCEEDINGS

DR. OKRENT® Good morning. The meeting will now
come to order. This is a meeting of the Advisory Committee
on Reactor Safeguards Subcommittee on Reliability and
Probabilistic Assessment. My name is David Okrent. [ am
the Subcommittee chairman., The other ACRS members present
at this time are Mr. Carson Mark and Mr. Harold
Etherington.

Also in attendance -- and Mr. Jerry Ray, Jeremiah
Ray. Thank you.

Also in attendance are several ACRS consultants,
Mr. Lave, Mr. Lowrance, Mr. Shinozuka. [ think we will have
one or more other ACRS members and consultants coming in
later.

Also in attendance are two ACRS fellows,

Mr. Michael Criesmeyer and David Johnson, at the table.

The purpose of this meeting is to discuss the use
of risk assessment methods and the establishment of risk
criteria by government agencies ard other groups. We would
also like to get suggestions on appropriate goals and
criteria which might be used for nuclear powar reactors.
The meeting is being conducted in accordance with provisions
of the Federal Advisory Committee Act and the Covernment in
the Sunshine Act.

Mr. Gary Quittschreiber, on my right, is the
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designated federal employee for the meeting. The rules for
participation in today’s meeting have been announced as part
of the notice of this meeting, previously published in the
Federal Register, November 20, 1979.

A transcript of the meeting is being kept and will
be made available as stated in the Federal Register notice.
And it is requested that each speaker first identify himself
and speak with sufficient clarity and volume so that he can
be readily heard.

Those around the table have nametags, so the
recorder will know who you are, but if others would please
identify themselves in at least enough time so that the
recorder knows, that will be helpful.

We have received no written statements or requests
for time to make oral statements from members of the puvnlics
however, I plan to run this meeting a little more like a
panel discussion with reasonable participation from the
audience, so if a member of the audience would like to make
a point, please get the attention of the subcommittee
chairman.

We will now proceed with the meeting., Let me
just, by way of brief introduction, for the benefit of those
who may not be aware of it — although the subject of
quantitative safety goals is not a new one in this society

and it is not a new one in the question of nuclear reactors,
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5
it has not been one that has been addressed to the point
that the Atomic Energy Commission before, or the Nuclear
Regulatory Commission now, have identified quantitative risk
acceptance cri* .3,

In 42y — more specifically, on May 16, 1979, the
Advisory Committee on Reactor Safeguards wrote to the
Nuclear Regulatory Commission, recommending that
consideration be given by the Commission to the
establishment of quantitative safety goals for overall
safety of nuclear power reactors, and gave some reasons for
why they thought this would be a useful thing to try to
do. The next step chronologically was that one of the
commi ssioners wrote to the ACRS asking for further comments
in this regard.

And in August the ACRS said it would try to see if
it could develop some possible proposed criteria that might
be considered for use by the Nuclear Regulatory Commission,
that could be published for comment, or this sort of thing.

[ might note an additional item that has
transpired in this regard — is that in NUREG-0585, which is
entitled "TMI-2 Lessons Learned Task Force Final Report,”
this task force made one recommendation, namely, Number 11,
which is entitled "Safety Goals for Reactor Regulation," and
in this they recommended that the Commission develop

definitive policy guidance or articulation of a basic safety
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kapHEE | goal for nuclear power plant regulation. They didn’t

specifically urge that this be strictly a guantitative goal,
but they suggested that the goal would be supplemented,

where possible, with quantitative risk criteria.

letter from the chairman of the Nuclear Regulatory

2

3

4

5 Then, more recently, on November 9, 1979, in a

(o}

7 Commission, Dr. Hendrie, to Dr. Frank Press, director of the
8

Office of Science and Technology Policy, in which the
Y Nuclear Regulatory Commission commented on the President’s
10 Commission report with regard to the accident at Three Mile

1 Island. The Nuclear Regulatory Commission acknowledged the

12 previous recommendations of the Advisory Committee on
13 Reactor Safeguards, that the Lessons Learned Task force =--
14 and stated that a safety goal of nuclear power plant

‘ 15 regulation in terms of clear subjective criteria is needed

16 and should be supplemented, where possible, by quantified
17 reliability criteria.

18 So, in any event, there is a small recent history
19 of this topic within the last several months, and what the
20 ACRS has tried to do in the last few months is to see

21 whether, via this subcommittee, one could develop both
22 background information and possibly one or more alternative
23 proposals for risk acceptance criteria, quantitative if

24 possible.

.’ 25 But we shall see. In any event, the purpose,
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then, of this meeting, was to try to learn a little bit

about what was being done in this regard in some of the
other government agencies, and also to see what suggestions
one might get for goals in quantitative risk criteria that
might be used for nuclear power reactors.

So that is by way of brief introduction. And

since I am a minute ahead of the agenda, I will try to
continue that way, since it is probably the last time today
that will b2 the case.

Our first speaker is Dr. Vincent Covello of the
National Science Foundation, who [ believe will discuss some
NSF sponsored programs on risk assessment. [ might note
there are a few copies of the agenda on the table over
there if anybody doesn’t have that and would like to have
one. So, Dr. Covello.

(Pause.)

DR. COVELLOs My name is Vincent Covello. [ am
the Program Manager for the Risk Analysis Program at the
National Science Foundation. [ have been asked today to
describe very briefly to you the program in risk analysis at
the Foundation, as well as to answer any questions that you
might have about that program.

First of all, the program is very new. It is
a2 proximately five months old. It is located in the

Division of Policy, Research and Analysis in the
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8
Foundation. It is also part of the Technology Assessment
and Risk Analysis Program as a whole. It is a subcomponent
of that particular program.

Because it is loccated within the Division of
Policy, Research and Analysis, all studies that are
sponsored through this program have a policy focus, and I
will come back to that later.

The program was created in response to several
requests, sp2cifically one from the House Committee on
Science and T2chnology, which asked the Foundation
specifically to develop a long-term program of research that
looks at methods of risk assessment. We have been asked to
sponsor research that would develop improved methods for
risk analysis and risk assessment. We also received several
reques}s from agencies including the Nuclear Regulatory
Commission to also look at questions such as rfsk
acceptability and general questions relating to issues and
risks.

In response to these various requests the
Foundation, approximately seven months ago, created this
particular program. It was formelly announced five months
ago, in August. We are engaged in iwo activities, in
response to the request.

First we are engaged in planning activities. The

planning activities are threefold. First, we have asked the
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National Academy of Sciences to assist us in planning a
full-scale program in risk analysis. We hope that as a
result of the Academy’s work they will produce an agenda of
research that we can use as part of our own planning for
risk assessment. We expect that a program announcement will
probably be announced and available to the public this
coming summer.,

Second, we have commissioned several papers on
risk assessment on the state of the art, surveying where we
are with regard to risk assessment and where we should be
geing.

And third, we have also established a liaison
activity with various agencies, trying to assess their own
needs and what types of activities at the Foundation would
support their particular programs.

In addition to the planning activities for the
full-scale program once it is in place, we are also
currently engaged in encouraging the submission of
unsolicited proposals dealing with a wide range of questions
related to risk assessment.

llhat we have done recently, if everyone har the
handout, we have sent out a letter to the research
community, to approximately 4000 people, announcing the
creation of the risk assessment program, and specifying the

types of questions that we are interested in and the type of
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proposals we would be interested in supporting. I think you
will see in the questions listed there they cover a wide
range of activities including how to determine how safe is
safe enough, a question dealing with the perception of risk,
risk acceptability, institutional/organizational constraints
on risk decision-making == these are the types of questions
we are addressing. And they specify a very broad range of
activities and we expect, at a later date, to be more
specific in the types of proposals we are interested in.

At the present stage, though, since we are
primarily interested in obtaining some of the best
information and knowledge as to the state of the art, these
are the broad outlines of the program.

The program has several constraints on it,
though. In addition to proposals that deal with those
questions, we are also asking, first of ell, that the
proposals submitted to the Foundation deal with risk on a
generic level as opposed to dealing with specific
applications. As | mentioned before, our task is to develop
improved methods of risk assessment.

As a result, if specific applications -- for
example, to nuclear power or to other energy systems -— are
suggested, we ask thac those particular studies be
considered as case studies addressing a more general, broad

issue in assessment.
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The second constraint on the program is that all
proposals have to have a policy focus. In other words, all
the proposals ar.u research responses should scmehow or
another address the questions that are bring asked by
decision-makers, and they should be addressing issues
currently on the agenda, or expected to be on the agenda for
risk analysis in the coming years.

The third constraint on the program is: we
primarily deal with technological risk and not with natural
hazards or with entrepreneurial risk. Technological risks
such as energy, toxic substances, the whole range of risk
that relate to science and technology — we cannot deal,
given cur mandate, with risks that don’t fall within that
category.

At the present stage, because we are involved in
our planning activities, the type of research we are
supporting range from between projects of $150,000 to
$200,000, and a year to a year=-and=-a-half worth of effort.
We have received as a result of the addendum to our program
announcement approximately 150 letters of inquiry and
preliminary proposals. We are also now already reviewing
several proposals that have come out as a result of that
letter.

We have also supported several studies that are

ongoing. These particular projects were not supported
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directly under the risk analysis program. They were taken
into the program after the creation of the program. The two
are as followst the one project, by Robert Cates and Roger
Casperson at Clark University. The title of their proposal
is "Methods for Improving Public Policy for Technological
Hazard Management." The focus of that particular study is
to develop a taxonomy of risk and to use that taxonomy of
risk in developing approved methods of technological hazard
management.

The second major project we’re supporting in
prasent times is one by David Okrent, the chairman of the
subcommittee at the meeting. The title of that project is
"aAlternative Risk Managment Policies for State and Local
Governments.” The focus there is looking ac types of risk
that have to be dealt with at the local level and developing
improved methods for management of those types of risks.

On both of those pro jects, there is a subcontract
in Eugene, Oregon, which is looking at perception of risk
and feeding that material into the main projects.

At the present time, the program has a budget of
approximately $1.5 million. We expect within the next five
years to increase the size of that budget to something
larger than that, although it hasn’t been exactly determined
how large that budget will be. It will primarily depend

upon the response of the research community to the types of
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questions we’ve asked. And as a result of that respornse we
will determine how large the budget will be.

That is the general outlines of the program. I
think it’s probably easier for me to address questions than
to go into too much detail about any of these particular
studies v« are addressing.

MR. LOWRANCE: Bill Lowrance, consultant. [ have
been concerned for a long time with how the NSF works with
the other mission agencies in supportinc research of this
sort. [ think this is a good example, where NSF could do
generic research that could serve the needs of anybody from
the FDA to EPA to NRC. And [ wonder, mechanically, how you
interact and whether you are soliciting those mission
agencies for ideas, either research needs or people who
might be interested.

DR. COVELLOs Well, first of all, one of the
activities we engage in is direct liaison with the mission
agencies. For example, the creation of the National Academy
of Sciences Commi ttee on Risk and Decision-Making was
partially in response to a request from the Nuclear
Regulatory Commission, from the office of Saul Bean, to look
at questions of acceptability of risk. We discussed with
the NRC the various needs, concerns, and used that as the
basis for our own putting togetiher of the Academy

commi ttee.
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[ addition we have liaison activities with each
major agency that has risk assessment responsibilities. We
share with them proposals for both review of our proposals
to them -- we also review proposals on their side and that
way we maintain a liaison of knowing what the other groups
are doing and what their programs are.

A third things we are doing — and this is much
more specific = is that we have asked the Academy to meet
periodically with an advisory group we are at the present
time establishing, of government regulatory agencies dealing
with the question of risk. This will be approximately 14
individuals representing each of the mission agencies that
has risk assessment responsibilities.

And we will have this advisory committee of
government agencies meet with the Academy committee to
indicate to them what the needs are of the particular
agencies, and what types of questions they would like to see
addressed from their perspective.

WNe hope through this interaction between the
Academy and the advisory committee that the Academy will be
more responsive to the needs of the mission agencies. We
also hope to use that advisory committee as an information
resource for our own program on the needs of the particular
agencies.

DR. MARK®: You use the word "technology" and
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distinguish between .t - ~ ‘kebite, for instance. How
broad an area is cove:r - .nology? Is it all
industrial? Or scientifi .. .vity that affects the
population?

DR. COVELLOs The actual outlines of it are still
not clear. As you know, the definition of "technology"
varies from person to person anu place to place.

DR. MARKs [ mean, the release of carbon dioxide
by burning wood in Vermont isn’t very technological.

DR. COVELLOs Right. But what we are looking for
in the proposals is connection to science and technology in
sOme direct, as opposed to an indirect or implicit way. So
carbon dioxide would not be, but if we looked at the
technologies that produce carbon dioxide or carbon monoxide,
or other surt of types of toxic substances, we are looking
at the actual production of technology that produces it, as
opposeac to the product of that technology.

There is the focus. It has to be tied back to the
particular technology itself, as opposed to the product of
that technology.

DR. MARK: It seems to me that there is something
perhaps not caught up here that policy as well as technology

may result in carbon dioxide. And is that within the scope
of the matters of concern?

DR. COVELLOs I’m not sure I understand.
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DR. MARK: Well, I referred to the burning of wood
in Vermont. People are saving enormous amcunts on their gas
bills by doing that, and if everybody in the country should
do that, this is not so much a matter of technology as a
matter of policy. And is that going to be caught up by your
net?

DR. COVELLOs I will prooably have to leave that
as a open issue, because we have not yetl tried to strictly
define the boundaries of what would be considered within the
program, to find outL what is technology and what is not. We
are hoping as a result of our own internal planning
activities and review to come to a more specific definition
of what science and technology related risks are, and to use
that as a boundary condition for the program.

Again, it is such an open area and subject to such
controversy about what would be considered a technology and
what is not a technology — there is no specification on
what would be determining that, how that would be
determined.

DR. OKRENTs 1Is there some reason why this is a
new program in NSF? The question of risk and .ociety and
what constitutes acceptable risk, it seems to me, has been
staring us in the face for some time. [ would have expected
NSF would have been ahead of the Congress, instead of behind

it, in tris regard.
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DR. COVELLOs Well, the NAE study was sponsored by
the National Science Foundation for technology assesment and
the RANN program, the one on risk benefit, is that the one
you are referring to?

DR. OKRENTs In 1972, but there has been no
program.

DR. COVELLOs No, there has not been a specific
program in risk analysis or risk assessment at the
Foundation. Most of the activities have dealt with specific
technologies. There has been a program in chemical threats
to the environment. There is a program on earthquake hazard
mitigation. There are programs that deal with different
types of science and technology and risks associated with
them.

There hasn’t been a program at the Foundation
which has focused on risk assessment per se. Questions
related to risk have been dealt with as part of those other
programs. What [ believe has happened now is that as a
result of both the Congress and internal planning as well is
that it is decided that the Foundation should have a more
visible and centralized location for risk analysis studies.
And the importance of the question, the generic 1issues, that
crosscut various types of agencies and various problems are
being recognized -=- and it is seen as beneficial to have a

centralized location for risk analysis programs that will
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kapHEE | coordinate with each of the separate programs within the
. 2 Foundation.
3 DR. OKRENTs Because, in fact, there was no home
‘ < within NSF chat one could find for such a proposal a year or
5 year-and-a-half ago =- [ know from my own experience.
6 Dr. Shinozuka.
7 DR. SHINOZUKA® You specifically mentioned that
8 your program excludes consideration for a natural hazard.
¥ DR. COVELLOt Right.
10 CR. SHINOZUKAs [t seems to me that a natural

11 hazard obviously is an important component when we assess,
12 say, safety of structures —— how we design structures

13 against such natural hazards -- result in different levels
14 of risk. I would like to know why, then, you do not

. 15 entertain the proposal that might involve natural hazard
ajl 16 consideration.
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prE:’. | DR. COVELLOs At the presant time most of the
2 proposals d2aling with natural hazards are Jealt with by a
3 program is the Foundation’s earthquake hazarus mitigation
. 4 program, which primarily deals with earthquakes and natural
b) hazards as well, including generic aquestions relating to
3 natural hazards. It is possibls that at some later date we
/ will coordinate closely with that program. One of the

3 activities ralating to the planniny activities of the

7 Foundation is to determine whether or not those activities

19 should be joined tojether. At the presant time therz2 is a

1 functioning program desaling with nacural hazards in the

12 founaation, and it wasn’t seen tc De —

13 DR. SHINOZUKAs I am aware of that program that
‘ 14 deals with 2arthguake hazard mitigation in the National

15 Science Foundation, but I am not quite sur2 if they really

15 focus on, l2%’s say, the policymaking based upon risk

14 analysis. That is my primary concern.

18 DR. COVELLO* There is on2 == [ brought along the

15 program announcement for that particular — the earthquake

20 hazard mitigation program, and they do have a policy

21 research section. And I will read from its
22 UDolicy researcht This particular element of the
23 program strangthens and facilitates the adoption and
24 implementation of technological, social, and managasment
' 25 practices thet minimize earthquake damage and facilitate
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rapid recovery from earthauake disasters.”

They have, in other words, within their mandat2 to
deal with policy quastions relating to natural hazards.

DR. OKRENT: Well, thank you, DOr. Covello.

The next soeaker is Dr. J. L. Von Thun.

MR. VON THUNs It is Larry Von Thun, and there is
no doctor.

DR. OKRENTs: He is from tas Bureau of Reclamation,
and he’s going to give us two presentations. The first
discusses the mission progr2ss of the s2ismic risk analysis
interagency committee on seismic safety. And then he will
discuss the Jackson Lake risk analysis. Ana if we are
fortunate, he may also provide some suggestions on what we
should do for nuclear power.

MR. VON THUN: I am with the Bureau of
Reclamationn. [ don’?t know how many of you Xnow what tha
Bure2au of Raclamation is.

DR. OKRENTt wWhy don’t vou t2ll us in 30 seconds.

MR. VON THUNt Th2y just changed their name. I
will have to tell you that, as well. The Bureau of
Reclamation is a water resources ajancy dealing with the 7
westarn states., Most of the large dams in the westzsrn
U.S. were built by the Bureau of Reclamation betwe2n 1902
and the presentt Glen Canyon, Hoover, Shasta, most of those

dams. As such, as an agency which is producing a product,
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we are more on the firing line in frcnt of, say, states,
even other federal agencies, with r2gard to risk assessmant,
people asking us, “"WNhat are you doing about risk
assessment," rather than, say, beinj devoted to res2arch.

S, what I will b2 discussing today is how we are
trying tc apply our risk assessment methods with the
information that we currently have,

DR. MARK* Could I ask. You said you have 17
westearn statss?

MR. VON THUNs Yes.

Dk« MARKt And th2 other stat2s, you are not
actives out there, the Corps of Engineers might be doing
=ome things?

MR. VON THUNt That’s right. The Corps of
Engineers is really applicable to the entir2 U.S. The
Bur2au of Raclamation, beglﬁning with the Reclamation Act of
1902, only aealt with reclaiming or providing water,
essentially, for the arid west. That is the
differentiation. Ahereas the Corps of Engineers works with
navigation, and that can be within any of the U.S.

The first presentation is with regards to a
commi ttee on seismic safety in federal construction. After
the San Fernando earthquake in 1971, a lot more attzntion
began being paid to the seismic safety of structures, both

dams, buildings, even nuclear power plants, although that
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was well along the way as far as s2ismic risk assessment.
And with tha failure of a number of dams throughout the

U.S. and generally more an dmore attention being paid to
seismic safaty, the President asked the Office of Scienc2
and Technology Policy == I pelieve that was where it was
initiated — to form an interagency committz2e of all fedsral
agencies concerned with building structures to come together
ana decide now the s2ismic safety could be improved.

And that committe2 has a number of subcommitteess.
[hey have committees on seismology, on site hazards, on
critical facilities. And one of thair committees is on risk
analysis. And the question to this subcommittee ist how
stiuld federal agencies be using risk analysis?

My personal background with r2gard to how I got on
this subcommittee stems largely from two events. One is the
Auburn Dam in California — which is not a aJam as y2t, it is
just a proposed dam. It has been th2 subjsct of a great
amount of public interest with regard to seismic safety.
California nas a Seismic Safety Commission which asked thes2
questions of the Bureau and of any other agency which is
planning on building a structure as tot can you verify its
seismic safaty? And this g2ts into the question of what is
the true risk involved?

Carl Steinburge, who is the chairman of that

Commi ssion, asked me the qusstion before a meeting similar

(]
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to this with regard to acceptable risk to actually come up
with a bettar definition for %acceptaole risk," because, as
he falt, "acceptaole risk" is neither acceptabls now nor
accepted by anyone, it is just a term we all use. And in
3rilling before the Seismic Safsety Commission, the Bureau
pejan to think & lot about what and how to apply risk
assa2ssment in that work.

Then, following the Teton Dam failure, we were
reviwed by numerous agencies, and, without exception, the
advisement was given to devalop risk assessments in our
work, both with existing dams and with ongoing dams. So,
som2 of the work that we have done nas oe2n in that regard
in trying to work with what is the seismic safety of our
existing dams and how do we determine what the prooeoility
of risk or théir failure is.

And it was through those types of a2fforts that I
was involved in this committee or asked to 2e a part of this
commi ttee.

As far as the sccomplishments of our Subcommittee
5 on risk analysis, there have not peen a great deal to
date. | have provided you a three-page handout herz which
should not oe considered the output of the committes, but
rathar my own personal input to the committee, because there
have not been any decisions reached by the committee as yet

as to how they are going to approach the problem of
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recommendations to other federal agencies on the use of risk
assessment. But thare are a few things which fit right into
what you ars asking for as far as the purpose of this
commi tt2et what is being done and what might be done.

Tne first thing that I would discuss in this
regard is a general framework for risk assessment. We have
thres elements, as [ see it, three 2lemants with rsjard to
seismic safaty? on2 is what is the prooability of
occurrence of seismic eventsi the second is what is the
probability of failure of a facility given the seismic avent
occurss and the third is the estimation of the cons23uenc2s
2f failure of the facility.

In reading the literature, the terms “risk,
hazard, hazard potential, and exposure” are used
interchangeaplys there is no consistency. And the first
thing I was recommending to this committee is that we
develop a framework where w2 consistently rafer to these
different terms with regard to their application in decision
analysis by risk-oased methods.

In this vein, then, I suggested the term
"exposure” is used in reference to the action or influence
to which a facility is subjected. In other words, what is
the axposur2 of a particular facility to an earthquake
either shaking or faulting.

The second term, "hazard,” I suggest that that De
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used in refsrence to the damage potantial. In other words,
when we create a dam, a nuclear power plant, or a ouilding,
we have created a potential hazard that can fail and cause
some damage. rithout the facility there, the hazard doesn’t
eXist.

Th2 third term, Yrisk," has been used in all of

the 2lements we talked about. The risk of the earthjuaks,

we talked acout the risk of failure of the facilitv, and we
talkad apout the risk of loss of life to individuals. I
woula suggest that, rather than use it in all those veins,
that we use the term "risk" to refar only to the probability
of failure occurring as the result of some 2xposur2 to some
action such as an 2arthquak2 and resulting in some damagz2.

Tne total framework which we deal with I called
"risk=based decision analysis." With all tne work that we
do at the Bureau, that is the way we refer to it. 30, this
is the framework that I would suggest using.

As far as residual risk goes, the definition is
supplied in your handout, and this is how [ would look at
residual risk and think that it should be advanced to the
public and within all the different agencies.

"Jesidual risk" is the prooability of cccurrence
of a facility failure, the chance tnat a facility will fail,
and that loss of life or economir loss which remains in

existence. Some probability of that remains in existenca.
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After the loading conditions, the earthauake
loading conditions or whatever loacding conditions you have,
after those conditions have been specified, appropriate
gesigns to take care of those conditions have been prepared
and additional safety precautions are estavlished, what ié
left after you do all of those things =— after you have
assigned the facility, after you have soecified what the
sarthquake is for design or the othar loadin3j provisions for
Jesign, after you have designed tha2 facility to taks that
loading and after you have 2stablished safaty precautions —
that is "residual risk."

And when somebody accepts that, wnen the owner of
a facility or the U.S. Government or somabody says, "Okay,
ther2 is still this much chance that there could bae a foulup
or a problem," that becomes "acceptad risk." And to dates,
that has not occurred, and that is r2ailly what I se2 you are
talking about doing through this committece, is dafining som?
number that becomes the "accepted risk."

Ne have talked about "acceptable risk," obut I
think in very few cases, if any, has an agency or an ownsr
decided this is how much risk that I am willing to take.

With regard to what recommendations our
subcommitte2 might make, the next two pages provide my sort
of device or input to our subcommittee with regard to

recommendations. If you look at the middle of the second
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page of the handout, it sayst “The question then ist
considering the current leva2]l of knowledge, experience, and
oractice in risk analysis, what are the possible types of
requirements of federal designers and regulators that could
achiave the above results" -—— meaning lowering the chancsz of
seismic hazards.

These requirements and regulations would occur in
three different areast One, the determination of seismic
loading. Under the determination of seismic loading, th2n,
thera are three possible requirements that [ have
suggested

One is to specify the technique to determine the
level of loading to be usedi the second is to establish a
requirement that to determine the risk level of loading
selected and compare it to other risks == in other words, a
person designing a ouilding or person dezigning a dam or a
nuclear reactor or whatever would b2 rejuired under our
suggastions to determine what is the level, what is the risk
of that particular level of loading. Then item 3 would be
Just as == or {item C would be Just as item B except we would
specify what the methodology is that would require == that
would allow that determination of risk.

If we got to the point of saying a risk level of
loading at, say, | x 10 to the 4th was an acceptabls or was

the acceptable risk of loading, loading only, then one

o
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approach would be to say, to actually calculate the loading,
3iven that an earthguake has an occurrence interval of a
certain amount, that has a probability of not being ceded in
so many years and that would specify that would meet that
particular requirement of loading.
As of right now, my recommendation would be that
all we can raquire of federal agencies at this date is to
ask that in each analysis the risk lavel of loading De
selacted, be determined, and that it be compared to the
ris!.s of other loadings so that we can get a handle on what
is the likelihood of all of the loadings and people actually
go through the process of seeing what the risk is. Ne are
not at a stage — [ don’t feel we are at a stage whare we
can tell people obuildaing buildings or building dams that
this is the level of earthquake loading that should be used
and have that applied across th2 board.
Okay, the second area whers w2 would require some |
regulation is in determining the merit of design provisions
in the reduction of risk. TIhis is to do with the auestion?
if we ada such and such, a reinforcs2ment, to our design, or
we add some additional safety precaution to our design, now
does that in fact lower the risk of failure?
And the requirements that we could impose ther=

aret specify that the alternative designs to reflact the

diff.rent degrees of resistance to seismic loads be
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identifieds require that the reduction in risk as a result
of various design measures ce estimated alonj with the cost
of the measures and require an estimate in terms of the
savings in potential damages be computeas thus allowing a
cost-benefit relation to be drawn.

This alternative A here is really nothing more
than what was suggested by Professor Whitman back in about
1971, He made a classical study of sarthguake hazards in
Boston and went tnrough an analysis showing a cost-oenefit
for designing the buildings to various earthauake lzvels.
Rignt now [ don’t see that we are much farther alonj than
that.

And & possible requirement is that we Just ask
people designing ouildings or any other structures to go
through this process of looking to see what would w2 do to
lowar the risk of failure of this structure if we added this
much reinforcement or if we made this particular change,
look at the alternatives, and see what the oenefits are.

In effect, this is very similar to the passage of
the NEPA Act. There was no requirement oth2r than == or ths
basic requirement was that people look at the alternativa:s.
And this is what we’re talking about heret look at what ths
alternatives are, see and calculate what the reduction of
risk is.

A second possibility is that we would specify that

JSE e
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the risk that is computed be no gr2ater than a certain
amount. And the third one == which is in error her2 = (s
that require that that requirement oe datermined by a
spezific methodologys in other words, w2 would say that the
risk of failure of a facility can be no greater than a
certain amount and we will tell you how you’re goinjy to
calculate that certain amount.

Thos2 would be th2 possipble recommendations with
regard to determining the banefit of alternative designs.

And the third item there is with regard to the
final product of determining what tne risk of a loss of life
or economic loss is once tha structure in in placs and,
given that the event takes place, we could raquire that the
residual risk of various potantial damage levels De
detarmined for certain structures. And then the second part
of that is that we would specify how much that residual risk
would be.

And as [ say, these are not adoptad by the
comni ttee. In fact, these nave only been sent to them. But
the timing of the meetings was such that they were going to
meet yesteraay and they didn’t meet. They will be meeting
neXt week. In fact, we have one member her2 from that
subcommittes.

These are Jjust suggestions to give you some iaz2a

of what is peing thought about with regard to imposing some
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thes2 for use by other federal agencies.

3 There is a3 member of the Nuclear iegulatory
‘ 4 Commi ssisn o2n this subcommittee, Dy ths way.

b} 52, I am open t> questions on what our

b) subcommitte2: is doing.

i D. OKRENT: Dr. Lowrance,

3 DR. LOWRANCE: Bill Lowrance, fron the seismically
5 active area of Palo Alto, California.
12 How would item 2=-38 be pursued? This says Y“specify

H that the risk of failure given various seismic loading3s

1< associated with the structure be determined and that it De

13 no greater than a given amounts$ that 1s, a risk ceiling be
‘ 14 prescribed.” Where do you suggest that com2 from?

15 MR. VON THUNt That’s why I am saying that is

16 somewhere maybe in the future. Right now we are not to the

1 point that that can be done. When the committee was

13 formulated, that was one of the things that was sort of

17 thought about, that this might occur. In fact, in the

20 dirsctive w2 will get a little more to where that can come
21 from later.

22 But basically, th2 only place that I see that it
23 can come from is for people to begin applying the rules or
24 begin applying the risk assessments, see what types of norms

or standards can be developed with regard to what is a good
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valu? to us2 as a risk level., If we don’t make the studies
of actual applications, we won’t have an idsa whethsr 1 x 10
to the 6th or | x i0 to the Sth or to the =8th is a valid
numoar. So right now the number isn’t available.

DR. OKRENTs Dr. Lave.

DR. LAVE: What is the uncertainty level
associated with either estinating the seismic risks or with
astimating the proobability of the failure of a structure in
relation to a particular type of risk?

M3. VON THUN:t It is very great., [ would say that
the first one is quite a bit less. What ths loading is is
less than that can be estimated better than can what the
probability of a failure is given that loading occurs.

The reason for that is we have had as few
earthquakes as we have had., #e have had a lot more
aartnquakes than we have had failurss due to earthquakes, .o
we don’t hava a very good statistical bas2 nn which to
decide how a dam or a structure is going to react to the
sartiquake. Buildings may ce a little different than dams,
but we don’t have —— we haves, for instance, in the United
States only a couple of embankment dams that have sufferzd
damage due to earthquakes among the thousands and thousands
of ambankment dams that we have.

DR. LAVEs Let me pursue this a little »it more.

How is the probability of a seismic event estimated? I[s it
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. 2 Mi, VON THUNs No. The probaoility of a ss2ismic
3 event has undergone == the 2stimation has undergon2 a gr2at
. 4 deal of work, and it is continuing to underjo a great deal
3 of work.
o) But is pased upon what is the geologic capability
i of a particular area, and that (s ra2ferred to as the
3 "maximum cradibtle earthguak2," or in the nuclear rzactor
/ field as the "safe shutdown earthquake.” This is the
10 largest earthjusk2 that can be postulated to occur for a
B particular seismic region. There we’re talking about th2
12 propability of an event that could vary from once in 100,000
13 years or once in 300,000 years down to where it could occur
‘ 14 onc2 every three or four hundred years. Fror smaller-siza2d
1> earthquakes usually the historic frequency is the method
15 that is usea.
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DR. LAVE: What steps have been taken or can be
taken to try an quantify the level of uncertainty that is
associated with each of the two events, either the seismic
loading or the structure failure in case of a particular
seismic loading?

MR. VON THUNs There have been a few studies.
There was recently a conference in Pasadena on earthquake
engineering, and at that conference there were some
suggestions made by Woodward, Clyde & Associates of how to
provide some constraints on the uncertainty. If one allows
the uncertainty to go unchecked, then at very low risk
levels it becomes & tremendously predominant factor.

So they were suggesting that certain modifications
be applied to that uncertainty function as it approached the
low risk levels. So other than a few attempts to look at
this uncertainty question, there hasn’t been a lot done.

DR. LAVEs Has there been any attempt at all to
take a lock at the uncertainty level with respect to the
mean probability or the most frequent probability?

MR. VON THUN® Yes, there is.
DR. LAVE: And what kind of sub-numbers do ycu

come out with?

MR. VON THUNs I don’t have them offhand. Do you
mean as far as, say, the mean level of acceleration is such

and such, and what is the bounds on that?
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DR. LAVE®t No. [ was thinking about == you have

here provabilities of seismic events of, for example, .003,
and obviously there’s a large uncertainty associated with
that, Is the uncertainty equal to the mean or ten times the
mean or a thousand times the mean?

MR. VON THUNt [ think one of the best examples of
what that uncertainty is is in a paper that Dr. Okrent had a
lot to do with where the experts in seismology were asked
for a number of different nuclear reactors, nuclear reactor
sites, as to what the low level risk would be for this
maximum credible earthquake. Each of these investigators
postulated from available information what the risk of a
certain intensity earthquake was, and that gives an idea of
what the range is. And it was quite a range.

As far as a detailed assessment and application of
uncertainty, [ am certainly aware </ it, but I don’t think
it has been done. [ am aware of its need to be done, but it
really has not been done to the degreee which you are
asking the question about.

DR. LAVEs Just one final one here. What could be
done to lower uncertainty levels?

MR. VON THUNs Well, with regard to the seismic
event, there isn’t really anything that can be done except
do a good job of analysis of your site. We don’t have any

othe information than the geologic record which we might be
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lucky and excavate through a fault and find that it has had
so many displacements in so many thousand years and be able
to estimate what the earthquake is on the basis of those
displacements.

At the Auburn site in California, we went through
a tremendous study and really came up empty-handed as far as
being eble to definitively say what the recurrence interval
of earthquakes in that area was. So it isn’t a foolproof
thing, but it is something that should be done.

We don”’t have any more historic records than we
have, so we can’t do any petter on that. But my feeling is
that the uncertainty in that is not so great.

With regard to performance under seismic loading,
we can make additional tests. We can do better studies. We
can develop dynamic analyses methods to try and predict the
response, but without prototype failures we really will
always have a certain amount of uncértainty. The approach
that we’re taking at the Bure2au is to try to make that
calculation on as many structures as possible in order to
assess the relative risks of these failures, and in that
way, get rid of the uncertainty.

If nobody makes any analyses, if we always keep it

in the research mode, then we really will always have that
uncertainty sitting there as far as the actual structures.

I think once we start the studies on actual structures, we

1573 037



493 03 04
mgcHEE

U b w N -

o

10
1]

12
13
14
15
16
17
18
19
20
21

22
23
24
25

37

will reauce some of the uncertainty.

DR. OKRENTs Dr. Wilson?

DR. WILSONs | was just wondering == [’m talking
abc 't the uncertainties =- one thing that worries me is one
tends co talk &h._Ju. * ' expected value of an earthquake or a
hazard ar- “ne uancertainty around that, whereas quite often
that is ni a~nat the decision-maker needs to know. He wants
to know the probability of exceeding a certain bound, and

hopefully he is going to set that bound so the prooability

is very low. And since the distribution in which the
uncertainty is described and the width of that distribution
is certainly not very simple, are you addressing that
specifically when you are discussing the uncertainty?

MR. VON THUNt Yes., Generally what is done is an
upper bound is taken, rather than the mean value, either in
all the steps or certain of the steps to assess the
loading. We don’t take the upper bound at the first stage,
the upper bound at the second stage, and the upper bound at

the third stage. We may take the upper bound in certain
regards, but that problem is being addressed. We do not
typically take the expected value in each case, and we look
at a number of possibilities.

In a later study, here you will see how that is
done.

DR. OKRENT: Dr. Castenberg?

—
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DR. CASTENBERG: Bill Castenberg from the ACRS.
I“m curious about your definition of "hazard" and "risk."

If I understand correctly, risk is probability, and so you
could have a dam near a large city and a dam out in the
country t'iat had the same risk where the probability failure
is the same, but they might have different hazards because
of population. And if I understand that correctly, most of
your work is geared toward risk reduction rather than hazard
reduction. Is that correct?

MR. VON THUNs Well, the work is with regard to
risk-based decision analysis. Now we’re not to the point
where those types of decisions really have been made on the
basis of risk analysis. But I think fundamentally the
question is right. We would look at what the risk is at
this site versus the risk at another site, and that is what
we want to deduce.

DR. CASTENBERGt D¢ you mean, in the sense of this
definition, really probability?

MR. VON THUNs Yes.

DR. CASTENBERG: Or do you mean risk in a more
general sense where you include hazard as well as
probability?

MR. VON THUN® Hazard is always included. When
you talk about the resulting certain level of damage, that

wou!d always be included, so that the risk of, say, 40

9
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lives would be the same, no matter where you were working,
but the damage level, the risk of a certiain damage level
cccurring, that is what we’re talking about.

DR. OKRENTs Could I ask the following question?
Auburn dam which you mentioned was estimated by
Mr. Seidegren to have the potential for causing up to three
quarters of a million fatalities were it to fail suddenly,
which is indeed a large number. Is there, in your way of
thinking in regard to the evaluation of accepted risk or
acceptable risk or whatever way we do it, is there some
limitation that enters from the magnitude of the event,
inde pendent of the probability, or should we always factor
in a probability times the maximum hazard and look only at
the product? Or how do you propose one deals with this
question?

MR. VON THUNs My proposal == the way [ would look
at that is, each case has got to be considered differently
with regard to what are the defined levels of damage in the
case of any dam, and Auburn is a good example. You would
look at what is the probability of damage level of $2
billion for property damage, say, wiping out Sacramento,
doing damage to Sacramento, and the probability of so many
lives lost. And when one deals with that number, that
residual risk that was associated with that loss, he would

refer to that specific loss, so that it wouldn’t be lost in
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front of the eyes of the public or in front of the eyes of
the Commission or anybody. He would say, this is the risk
of that loss. And the decision might be made that no matter
nat the risk was, even if it was - as long as it was
non-zero =— that the hazard of putting the structure there
is so great that we won”’t accept any risk, and therefore the
structure should not be sited there.

That would be on way to look at the problem. At
another site where you had very little potential damage
downstream, than a much higher risk would be maybe accepted.

I don’t know whether that answers specifically
what your question is.

DR. OKRENTs [ was just wondering if your
Interagency Committee was planning to come up with possible
numbers to put in such a thing or how the Bureau of
Reclamatién approaches the same question. They have a lot
of large dams which, let’s say, don’t have perhaps the three
quarter million potential, but they certainly have hundreds
of thousands, [ would guess.

MR. VON THUN: The Interagency Committee I don“t
believe will come up with the numbers. We don’t really have
the background on the Committee or even the diver<ity to
allow coming up with those numbers, nor have we . e the
studies. But I think that the report of the overall

Committee is going to be out within a few months. It is

J—
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supposea to be out within a few months, and there is just no
way that those numbers could be developed and generated.

And I don’t think it is right at this point to do it because
there isn’t enough background to establish what those
numbers should be.

As far as what the Bureau’s approach is, which by
the way, their new name is the Water and Power Resources
Service == the Bureau’s approach, which is really my
approach or one that [ think should be used, is that we
can’t establish the numbers until we have looked at a number
of different sites and started getting some information.

The example, which [71l show you in a moment, on
Jackson Lake is currently the only real example where we
have some idea -- and maybe not“even all that accurate an
idea =- but some ideea of what the risk is on one structure.
Decision-makers need to have a whole background of what
these risks are in existing facilities and on other types of
risks, not only for seismic risks but for flood, for normal
resevoir loading, for any of the loadings. They have to get
an idea of what risk are we exposing the public to
involuntarily compared to what risk the public is exposing
them to voluntarily in order to come up with that number.

So to just pick the number right now is not
valid. What we feel is that we should go through this, look

at all of our existing dams or a large number of them, find
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out what the actual absolute risk of a fajilure is to a
number of events, and then we will be in a position to pick
that number.

DR. OKRENTs Or. Shinozuka?

DR. SHINOZUKA®: [ am seriousiy concerned about the
uncertainty involved in the estimation of probability of
failure of a structure., This point has been raised, but
since I am more or less working in the structural analysis
and design area, | feel that the uncertainty involved in the
estimation of pror=bility of failure of the structure would
be something we really have to address ourselves to.

[ feel at this time that the methodology has not
really been established. If you look at some of the papers
dealing with this problem, the best you can see is the
app.ication of, shal. we say, first order statistics
involving just expansion of the first two times, evaluating
varian.s, and apply certain subject judgments in estimating
the uncertainty and crank out numbers.

It is even difficult to apply this to a relatively
simple structure consisting of a number of elements. So my
point here is that I think at all levels, federal levels and

also university community research for example, I think we

should take up this problem more seriously and look into it
very carefully so that these risk assessment methodologies

can become reliable.
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MR. VON THUNs [ absolutely concur with you. I

think that the weakest link in what [ will be presenting
here and the weakest link that faces us is in predicting how
the structure is going to fail, if it is going to fail, and
what the likelihood of its failure is. That is the weakest
link, and it is not in risk assessment methodology. The
methodology for the risk assessment there. It is in
understanding the failure, being able to decide what its
response is, and what its likelihood of failure is.

Once somebody can tell you that, then the risk
assessment can go ahead and be performed. And even maybe an
add-on to that is the foundation, like orn a dam structure.
Ne might know quite a bit about the materials that go into
the dam and juite a bit about how the dam is going to
respona itself, but the uncertainty in the foundation is
even greater.

DR. SHINOZUKAs My difficulty i{s that although you
mentioned that methodologies have been established, but if
these methodologies require the information that we may
never be able to get, then we are in trouble.

MR. VON THUNs That’s right. And our 2pproach
really is not to say that this is going to work. It is to
try and see if it works and see where the loopholes are.
That is our approach, rather than feeling it is an absolute

foregone conclusion that it will work.
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DR. OKRENT: Maybe it would be good to go on to
your next part, and then we can discuss both parts of your
presentation,

(Slide.)

MR. VON THUNs What I would like to talk about is
the second hanacout. The top got cut off. It should say,

"Decision Analysis Model to Determine Resevoir Restriction

Level at Jackson Lake", and the situation at Jackson Lake
which happens to be in the Teton area =-- the Grand Te ton,
Jackson Hole country.

This was a dam that was built back when a method
called hyaraulic fill was used where the dam was actually
placed by putting in wet material and letting the wet
material run out, so it was a very loosely placed dam. And
a dam placed like this is subject to what is called
liquefaction. When an e‘rthqﬁake takes place, the soil
shakes. The core pressure or water pressure withir the
material builds up, and the material can actually flow,

Van Norman Dam in California, in response to the
San Fernando earthquake, had partial liquefaction, and
Sheffield Dam in 1926 had a complete failure due to
liquefaction.

So as part of the reanalysis of our existing dams,
which amounts to about 300, this was one of the dams that we

took a look at, and it was recognized that this site was
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near to where there were faults, and there cculd be strong
shaking at this site, and it was subject to ligquefaction.

Professor Seed and Professor Lee from the
Univeristy of California took a look at this site and made
the recommendation. So we had a resevoir there that was
quite .mportant as far as the public was concerned. A
number of people go there for recreation benefits. The lake
also supplies irrigation benefits in the lower Snake Valley
below this dam, so as far as the Bureau was concerned, it
was important to maintain the resevoir as high as practical
but also to reduce the risk.

So what [’m going to go through here is the
decision-based risk analysis that we used in order to .ecide
what the level of the lake should be kept at. To do this,
the first point was to look at what the hazard was as a
function of resevoir level for the potential failure modes,
and we had a failure mode where the entire dam went out at
its base, height, and one way it went out at the top of the
zone where it had been placed by hydraulic fill. So we
looked at two different modes of fajilure, and we showed that
as the resevoir load lowered what the potential damage
downstream would be, given that a failure occurred.

I’m going to go through these in a li ttle more
depth. I just want to go through the steps first.

The second thing was to estimate the prooebility
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of various levels of earthquakes causing liquefaction at the
dam. Fre had several source areas that could produce
earthquakes, and they could produce earthquakes of different
sizes with a different probability. GCiven that that
probability occurred or that that earthquake occurred, there
was some probability based again on our evidence from around
the world with regard to liquefaction that an earthquake of
this magnitude mijint and it might not produce liquefaction
in the dam.

A stronger earthquake would have much more
likelihood of producing liquefaction, so we had a
probability that ihe earthquake would occur, a probability
thar the dam woula liquefy from this earthquake given a
probability that liquefaction wouid occur at the dam site.
[f liquefaction occurred at the dam site and the dam haq
several probable failure modes, it might completely level
out. It might level out only a few feet or something in
between.

So we had to estimate the probability of damage as
a function of resevoir level, because if we said that {%
could go through these different steps of failure and we put
the resevoir at different levels, then there were different
probabilities that the dam would fail for each of these

failure modes.

If there are any questions as [ go through this,
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MR. ETHERINGTONs Yes., Why does a magnitude seven

W N

have different liquefaction probabilities in A, B, and C?
MR. VON THUNs Because cf distance.
MR. ETHERINGTONt Oh, ! see., It is distance.
MR. VON THUNs One source may be closer to the

site than another. [ will have one up there in a little

x <N O S L

more detail that shows that.
b4 DR. CASTENBERG: On the column, "Earthquake
10 Probability", is that probability per year? How do we

1 interpret that?

12 MR. VON THUNt: That is annual probability. Those
13 are hypothetical numbers.
14 DR. CASTENBERG: Right.

- 3 15 _ MR. VON THUN® But this is how we cid it with

16 regard to annual probability, and then over the lifetime of

17 the structure. We typically work either with annual

e’ 18 probability or probability in 100 years == one of those two

1y modes.

20 (Slide.)
21
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The next thing to do is to compute the propapbility
of overtopping as a function of reservoir restriction level
for each failure mode. S0, we would take the propapility
that the earthquake could occur times the probacility that
it would cause liquefaction times the probaoility that tnere
would be a cartain failure mode on the dam, and then look at
the reservoir level and see whether that causea overtopping
or not.

And that java us an absolute probapility of
overtopping as a function of the reservoir level, and we
wer2 able to work out this probability for the mode |1 tyde
failure, which was in the upper part of the dam, and the
mod2 2 type failure. You see the mode 2 type failure was
not == in this particular case does not show much
sensitivity to a drop in reservoir lavel.

Then the fifth step-is to examine the likelihood
of overtopping and Jdownstream hazard potential for the
current criteria versus any proposed revised criteria and
then evaluate the total reduction in the risk of each mode,
the acceptapility of risk for each mode, and considar th2
benefits of reservoir elevation, operating procedures for
maxinmum benafits within the range of acceptable risks.

Now I will go through those steps in a little more

detail.

(Slide.)
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Tais is — what I am showing now is sort of a
fundamental approach that w2 would use with regard to
seisnic prooability coansideration in any of the studies that
we do, Ne nave a site here, and w2 have sevaeral sourcas
that could affect tnis site with rsgard to 2arthquakes.

Here is a fairly large =— this is where thes Hebgen Lake
avent occurrad, We said a maximum earthguake of 7.5 could
accur at this site. This is quite some distance away.
Anything less than the seven to 7-1/2 range would not
produce a problem at the site.

Ne had == there is another source here, the
intermountain seismic belt. It could produce an earthauake
of 7.5 whicn might affect the site. And then there are two
sources near the site that could produce earthaguakes from
5.0 to 7.25.

(3lide,)

Now, each of thos2 sites coula produce earthauakss
with this probability. The guestion was asked earlier about
now we make the determination with regard to the prooability
of the event. This is based on historic record. Thera2 is
no earthquake of 7-1/2. Thare is an extrapolation to get to
7=-1/2, to gat the probability of that magnitude of 2vent.
Therz happens to be geologic evidence in the ar=a that shows
Us hoW much offset has occurred over the last 10,000 years,

and putting that into magnitude 7-1/4 earthquakes down to
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six earthquakes to account for that Jisplacement, w2 are
abla to com2 up with a recurrence relation pased upon
geologic evidence, and then that is correlated with the
historic evidence of seismicity i{n that area. A2 have a
fairly good correlation.

5o this type of relationship was used to jet the
annual prooability of earthquakes of a certain rangje, and we
hava to tal< about a range — seven to /=1/2, six to 6=1/2,
like that == in order to encompass the total probapility of
2arthquakes.

And the other question about uncertainty that was
asked = this is how we tak2 care of =— the gentleman asked
about the range of expected vaiue and so forth == this is
how that is taken care oft Dby looking at the bigger
sarthquakes. They have a higher probability of causing
damaje, but they have a lowar probaoility of occurrina. But

by taking tahem into groups like that, you can look at that
fairly realistically.

(31ide.)

The next thing to do is to say, "Okay, now, from
all of these earthquakes we’ve looked at¥ — [ think I got
that out of order, but the iJdea is the samet we need to
look at which earthquakes can cause liquefaction and which
cannot cause liquefaction. These, we say that any

earthquake within any of the zones at a certain distance and
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a certain magnitude that falls in this range, we will say
that the prooapbility of that causing liguefaction is zero
and it no longer needs to be considered in the risk
analysis.

This has to be low enough so that we encompass
aven a minor amount of liquefaction. To get that, we us2
the worldwide data and the advice of our consulants on what
mignt cause liquefaction.

(5lide.)

Tnese Xs are examples of where ligquefaction was
caused at various distances, and you can see from tnhnis that
whers we have historical examples of liquefaction, we are up
in here witn fairly large magnituds earthquakes, but there
have been some cases where we had small magnitude
earthquakes. This lower=-bound curve then encompasses all
possible liquefaction=-producing events. But if we aid have
an 2arthaquake up in this level, the chance of there Deing
ligquefaction has jot to pe considered greater than if we had
an earthquake at this level, say, at this distance. And
that is one of the reasons for those probabilities varying.

DR. OKRENT: The Sheffield Dam you mentioned,
which failed and liquefaction occurred, what was the
magni tude of the event or the intensity at the site?

MR. VON THUNs I can’t remember offhand. [ think

it was on the order of a magnitude seven, hbut I don’t
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2 (3lide,)
3 Inis is just a reproduction of the little oox that

‘ - we saw earlier except these are the actual numbers that were
> used in the assessment., Th2 A=l source and the A=2 source
5 sach had the same probability of earthquake, but becausz the
! A=]1 source was closer it had a higher probaoility of
3 liquifying the damn. We only considared earthquakes from the
y othar two sources in the range 7.25 to 7.5. The on2 at a

10 greater distance had a lessar prooaoility of liquifying the

il site.

12 Then, oy summing all of these, all areas combined

13 -= pacause we can’t Just look at one of the areas, we have
. 14 to take the total probability of ligquefaction and combining

15 all of the areas -- this said that there was essentially on2

15 chance, annually, one chanc2 in 100 of there being some

1y liquefaction at the site.

18 Tnis was a lot gre2ater than [ would have guessa2d,
17 than [ guess even right now, but this is the way, wnhen w2
20 went through the analysis, these ar2 the sub jective numbars
21 that were applied. [ think we would make actually =-= this
22 probably should pbe maybe more on th2 order of one in 1000
23 because the dam has been there for 30 y2ars thus far and
24 there hasn’t been any indication of liquefaction. But if

one had to make it an assessment of putting a dam there had

2
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‘ 2 wrong with these estimates from the data that we have
3 worldwide and from the estimates that were made on the
. 4 condition of the structure.
2 But this is exactly the problem that you raised.
5 It is our estimate of what the structure would do is —
I whether there would pe liquafaction of the structure or not
3 is pretty tough, but we tens to be conservative in all our
Y estimates.
10 (51ide.)
I Engineers in general tend to take the consarvative
1< approach.
13 Now, the part that is not ner2 iIn any detail is
. 14 the next phase, where we say == but it is in the r2port
15 which was handed out == which again is saying what the
16 structure will do given that liquefaction occurs.
1 Now, when Sheffield Dam failed, it failed down to

18 20 percent of its height. #hen Van Norman Oam faiiea, it

12 only failed about to 70 percent of its heignts in fact, the

20 resarvoir was not lost when Van Norman failed, Those ara2
21 the only two examples that we have.
22 And what we did wast we said there are three

23 possible failure modes — 90 percent of height == [ can’t
‘ 24 remember the others =— 10 percent of height, anu maybe 350

25 percent of height. It is in the report. WAe sald there are

1573 054
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three different possible failure moges of the structure, and
three different possible earthquake levelst the strong
sarthquake, the medium earthquake, and the small

sarthquaks. The small earthquake had some probapility of
causing a full failure down to 90 percent, but it had a
lessar probaoility.

So, by taking each of those conditions of the
structure and each of tne probapbiiities of 2arthquakes at
different levels, we made an estimate of wnhat the
performance of the dam would be under the strong shaking.
And this is by far the weaka2st part of the analysis. In any
case, making that analysis, we wer2 able to look at what the
ris< level would pe due to lowering the resarvoir
elevation. And we found that if we lowered the resarvoir
alevation to 5756 we were cutting the risk oy 50 percent,
what we consider to be our aopsolute risk.

It wouldn’t make a lot of difference that thes2
numo2rs are probably not all that accurate, dut we feel that
they are relatively accurat:, This might be a couple of
other zeros on here or mayb2 one other zero. But the shape
of the curva, we feel, is fairly accurate.

So, from this we saw that we could reduce the risk
from this mode | type failure which we thoujht was the most
likely mode. We thought we could reduce the risk

considerably.
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The other element after looking at how th2 risk of
ovartopping could be reduced, the next aquestion ist as we
lower the reservoir, the more we lower the reservoir the
less damage aven if we had overtopping.

(5lide,)

So, those two things work for you: you keep
reduc ing your damage as you go down, and you reduc2 your
likelihood »f damage. So, this relationship that showed th2
damage cost, rignt here, versus reservoir elevation, we can
then look at what is a good combination between low2ring the
prooability of there peing overtopping and lowering the
damage with a new reservoir laevel.

And it turned out that if we went to any flow
greater than 50,000 second=feet, then we felt that we were
getting to fairly high damagest $500° million in property
damage and associated loss »f life, risk of loss of life.

It turned out that any flood less than 30,000 cfs would stay
within leveas provided downstream by the Corps of

Engineers. So, it turned out that that happened to coincide
quite well with this risk-raduction level of 6756.

Actually, 6/56=1/2, which hit about right here, would ke2p
us within 25,000 secnnd=feet as beinj the maximum flood that
could be produced downstream.

So, the decision was fairly obvioust to stay

belaw this level and reduce the risk of overtopping by aoout
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half of what it was if we did not change the criteria.

W2 then proposed the == the way our agency works
is we have regional offices that deal with the public and
deal with actually making the designs. Our office in Denver
does all of the analyses. 30, we proposed this to the
people who are in charge of operating the plant. They said,
"Let us prolose an alternative rather than just leaving ths
resarvoir at one fixed level all yszar. Let’s look 3t how w2
might operate the reservoir so that we can get maximum
utilization for irrigation and for recreation and keep the
risk within a level that you’ve supplied."

So, they proposed a different operating criteria,
which in fact kept the risk level just as we had spacifiad,

although thay did raise thc height of the dam during one

month of the year.

(31lide.)

So, the hazard during one month of the year is a
little higher.

I didn’t mention in this total provbability
formulation we also took into condition the operating
criteria which showed the raservoir up and down during the
year. The probability that the reservoir was at a certain
heignt was taken into account in the total risk assessment.

That is the overview of that study.

DR. OKRENTt What did you do about the mode 2

—
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. 2 MR. VON THUNs® The mode 2 failure, we essantially
3 said that its risk was lower. This was in an area that was
. 4 essentially not as subject to liquefaction. WNe said that
3 the mode 2 failure had a much less likelihood of occurring,
) and so its total risk was l2ss. But we did absolut2ly
/ nothing about changing it.
3 The only way it is affected is that when w2 lower
Y the reservoir to this level, its chance of failure if it did
19 occur would be less flow out of the resarvoir. But there
11 wasn’t anytning specifically done or any decision mased an
12 the mode 2 failure.
13 The same results occurred as far as lowering the
. 14 resarvoir, but the chance of a mode 2 failure wasn’/t rsally
15 a factor.
16 DR. OKRENTs [ agree. But the mode 2 failure
17 prooability is only a factor of 10 smaller on your figurs.
18 MR. VON THUNs That’s rignt.
17 DR. OKRENT: I gather the mode 2 failure leads to
20 largar amounts of water.
21 MR. VON THUNs Yes.
22 DR. OKRENT: Greater damage, jreater loss of
23 life. I don’t know. You didn’t mention what kinds o* loss

24 of life could be associated with a mode 2 failure. What

25 would it be in the summer?
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MR. VON THUNt In the summer there is recreation
downstream where there are ooaters. The chance of the mods2
2 failure actually producing overtopoing = [ mean,
producing a worse flood wave isn’t really known. It just
means that the failure would occur lower in the structur2.
Actually, the chance of overtopping is similar.

DR. OKRENT: So you have no basis for assuming
that a mode 2 failure means mors water or greater flooding?

MR. VON THUNs That’s right. The difference b2ing
-- well, th2 total risk of its flooding is the same as the
mode | failure.

DR. OKRENTs I guess I don’t understand. [ would
hava assumed, if you are failing down to a lower level,
unl2ass you assume once overtopping occurs you lose the whol=2
dam anyway == what is your assumption?

MR. VON THUNs We made several different
assumptions about how that would fail. We had a 20U~foot
breach, a 400-voot breach, and an 800-foot breach. S5So, it
was the same under both conditions.

But really, the answer is we essentially ignorad
the mode 2 failure as far as making any decisions on what to
do about the reservoir and whatever risks are remaining,
whatever residual risk is there for mode 2. Since it was
not essentially impacted by lowering the reservoir, we did

not do anything. We did not make a decision on that basis.

1573 059
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Now, this is not — just for information, this is

2 not the final answer. At Jackson these were interim

3 criteria while we decide what to do about tne structure in
. 4 terms of reinforring it or rehabilitating it. But in th2

> meantime we wanted to come up with a3 restriction level that

5 would be meaningful. And the analysis actually said we

i can’t do mucn about the mod2 2 failure.

3 DR. OKRENT®: [ understand that. But what [ am

’ getting at is the probability of overtopping from a mode 2
19 failure, if [ read the grapn, roughly is about 2 x 10 to the

11 -4 per year.

12 MR. VON THUNs That’s right.

13 DR. OKRENT: And the only thing you can do is taks
. 14 the water out of the dam to some level where there would be

15 no flooding, in order to avoid it, I guess is what you are

15 saying.

14 MR, VON THUNt That’s right.

13 DR. OKRENTs So you are accepting som2 such risk
17 her=.
20 MR. VON THUN: That’s rignt.
21 DR. OKRENT®s That doesn’t surgrise me that it is
22 this sort of magnitude. I think it is probaoly larger at
23 various oth2r dams.

‘ 24 MR. VON THUNs And that is what we intend to find

25 out. The approach that we’re doing is that this is the

1573 06U
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firsts we actually made 2 da2cision on this pasisi there were
othar analyses that were companion to tnis, but the decision
was made all the way to the commissioners” offices on tn2
basis of this. But it is the first example where the
decisionmakars have actually seen any numbers like this on
which they are making a decision.

Now, the program that we have right now is «
reevaluation of existing structures, and we are taking two
dams =— one in a concrete dam and one in an earthen
embankment == an1 trying to go through the total risk
situation = this is just seismic risk == and get a
comparison of what is the risk under just normal reservoir
loading, what is the risk under earthquake loading, what is
the risk from overtopping due to a flood, that we have
allowed som2 prooability, what is the risk due to a
landslide =— all of these different risks — and put them
all in one >3ckage.

Tne University of Utah is Joing exactly the same
thing for us at another dam, and thare are several other
univarsities that are making these sort of studies, trying
to move into the more practical application.

I think MIT has a grant — [ am not sure == 1
think it is an NSF grant to make a study of total risk
assessment.

DR. OKRENTt They do have one, I pelieve, some
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sort of risk=benefit methodology.

MR. VON THUNs: My feeling is that that is whers ws
need to go in any of these things, is to try and generate
these numbers. If we find out that we have serious
deficiencies == which I believe we will == then that is the
area that we ought to look into as far as risk assessment.

I think that we have spent plenty of time to date
in looking at some of the minor ramifications, like the
statistical analysis of peak accelesrationy we have done all
kinds of refinements on peak acceleration. It isn’t even a
particularly good parameter to use in Jjudging the
performance of the structure, and yet we have had study
after study that looks at that particular parameter.

N2 need to go and find out the areas where we
don’t know very much and see if anything can be donz.
Anotner example would be, say, looking at a concretz dam,
We Jdo make hundreds of tests on the cylinders that 3o into
the concretz that goes into a concrete dam, and we can make
a good statistical evaluation on the chance of that being
less than the 4000 psi which we planned for it to b2 in
ther2.

But there isn’t a concrete dam around that’s going
to fail compression due to that moda of fajilure. A
foundation failure which we have very little assessment on

is the way that it would fail, and that is the typ=2 thing

1573 06¢
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wher: we have to do this total risk assessmant and see wher?
we r2ally have the weak areas and at that point decide
whether the method is usabls or not usaole.

OR. GRIESMEYERt You said you had an option of
raising the level for one month so that you can use it for
recr2ation or better irrigation. And pr2sumably, you kept
the expected risk of overtopping constants you lowered it a
little bit auring your low time and raised it a little oit.

M. VON THUNs That’s riant.

DR. GRIESMEYERt And this is good if the 2xpected
value of risk is 2 good thing to limit. Now, if ths
uncertainties are large, it may be really during that on2
month you have an unacceptable risk.

MR. VON THUNs That’s right.

DR. GRIESMEYER: Even though the expected value
over time is constant.

M. VON THUN: That’s rignt. And if it was
regarded — if we had regarded that it was unacceptable,
then that’s what we would have done. We said, "No, you
can’t do it because we still have a large enough hazard her?2
that we will not accept the chance, the one in 12 annual
chance, of there being an earthquake during that period of
time. "

DR. GRIESMEYER: And then you also have

uncertainti2s in these estimates. If you’re lucky, you’ve
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got a coupl2 more zeros there in front of it3 if you’re
unlucky, you have a few less Zeros and then it becComes a
more serious event.

M. VON THUNs: Anu we did not, in this study, go
into uncertainties. We intand to try and put in
uncertainti2s in a meaningful manner on th2 work that we’re
doing now. WNe have a taam composed of some people who are
expert in risk analysiss the rest of the team is composed of
people who work in cam safety and dasign. e feel that it
is good to nave those peopl2 in as a« Coordinated group.

And we intend to nave the whole process raviewad’
by university people working in risk analysis, when we are
through, to try and get an accurate assessment on an
accurate use of the uncertainty. If we allowed uncsrtainty
to go unchecked, I am sure that it would completely  -dominate
our studies because there is so much uncertainty.

Nnat we are to try and band =— the quastion was
askad about how do we deal with structure performancz — to
try and get some control on this number over here, we took
all of the aata developed by the Corps of Engineers under
the National Dam Safety Act, when they went and got
iformation from the 49,000 dams that are in the U.3. We
have information on all dam failures. de are goinjy to — w2
hava a program where we have all of that information on a

data base — we are going to put dams in categories of
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heijht, typ2, location in the country, so that we Xnow wnat
their exposure is and develap an exdosur2 function and then
look at what their performance has peen.

And that will giv2 us some id2a here, as an
eampirical value, than, on tn2 other hand, we’re going
strictly on what [ call the "calculated approach," whers
we’r2 tryinjy to have enginears actually compute, given that
this is the loading, whether it be raservoir loadinj,
maxinum res:rvoir loading, or earthguaks or flood, what is
the propbability tnat that dam will fail. And then we will
have that calculated number to compare against the

performance number and see whether there2 is any correlation

at all.
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DR. OKRENT: Dr. Shinozuka?

DR. SHINOZUKA: I would like to know your assumption
about liquefaction. When you say liquefaction has occurred,
does that mean liquefaction has occurred throughout the dam or
at a certain location of the dam?

MR. VON THUN: We assume that it occurred at a
certain location of the dam.

DR. SHINOZUKA: And you have a procedure from which
you can then evaluate probability of the dam failure?

MR. VON THUN: Yes, and also probability of damages.
Each of these types of cases, as I mentioned earlier -- every
one has to be considered on a case by case basis. There was
a certain zone, many of the dams that are built are built in
parts. First one agency builds this part, and then the
farmers add this part, and somebody else adds another part.
And so, at this particular site we had a certain area that
was subject, more subject to liquefaction than other areas.
And so that was taken into consideration.

DR. SHINOZUKA: Another question. This probability
of dam liquefaction under certain adverse conditions, these
probabilities will be given by some experts, or there are
ways in which you can compute these probabilities?

MR. VON THUN: There are ways in which you can
compute it. This particular analysis was not done, you will

note when you read the paper. Did you make adequate copies?
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There are dynamic analysis methods that can predict the
performance of the structure. These are plagued by not having
enough real life examples to compare with. But they can give
you an estimate of what the performance has been on the basis
of what we've seen in those analyses, plus what we saw at
Sheffield Dam.

That is how the analysis was made. All you have
here is the summary report. The total report has all of the
appendices, the comments of Professors Seed and Lee, the
studies on the hazard that the USGS made and others. I just
brought the summary report along, and I don't know whether it
has the Sheffield earthquake magnitude in it or not.

If there are no more guestinos on Jackson Lake =--
are there?

DR. OKRENT: I think Dr. Wilson has a question on
something.

DR. WILSON: Yes. I would like to ask a general
guestion. I have a colleague who has been connected with
dams for some years, Arthur Cassagrande, with whom I've
discussed these matters. And I know he has always been -- he
maintains, of course, that a properly designed dam will just
not fail.

And there, of course, the question is on the
adjective "properly." And when we try and get around to that,

it turns out that there's a difference of opinion of himself
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and some other people in the business. And of course, all the

dams he designed he feels are prcperly designed, and so on.

Is there any way of taking account of what appear
to be or what certainly, on some of the older people in the
business, are major differences of opinion in how one should
go about some of these dams?

MR. VON THUN: On how they should be designed?

DR. WILSON: Yes. As far as I can make out, if
perhaps they don't persist in the younger people who are
designing dams now, know about it; but they persist certainly
in the people of Arthur Cassagrande's age, the difference of
opinion as to whether some dams are well-designed or not
well-designed.

And if you picked two consultants working on this
from one group of opinion, you might completely not get the
proper spread of the uncertainty.

MR. VON THUN: I don't know. There are certainly
ways to crank that in. When we are dealing with remote
problems, we start with, say, an earthquake that has a
maximum credible earthquake, I mentioned earlier, might have
a likelihood of one times 10'5, the likelihood that the dam
failed if it is designed well. If you have someone like
Arthur Cassagrande and he would say, goch, I'm sure my dam
isn't going to fail.

And then you're talking and you say: Well, how

1573 068
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sure are you? Is there one chance in a hundred that it will

fail? And so you then talk about one chance in a hundred times

one chance in 10,000 that there would be a failure event.
And then ycu talk about, well, how much failure is failure.
And so a total failure -- thert¢ =ight only be one chance in
100 that, given that there is some failure, there might be a

total failure.

So now you're talking about something like one times
10-9. To crank in a difference of opinion on how one person
thinks of a design versus how another thinks of a design may
not be all that meaningful in generating that total number.
But there are certainly ways to do it, because you could then
say: Well, if he says this is the way, and he says this is
the way, and you really think there is serious concern. then
you would just lower that factor in of one to 100 which the
person said could occur maybe to one in 10, to account for
the fact that there is a dispute over how it should really be
designed.

So I think that that is about as responsive as I
can be to that question. We have tried in the Corps of
Engineers data, which records whether or not the structure is
engineered or not engineered, because a number cof the 45,000
dams in the U.S. were not actually engineered at all -- and
also, some of them are inspected regularly and some are not

1573 069
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In our function of deciding which ones are more
likely to fail or not to fail, we are going to crank in that
sort of information to make that judgment.

Okay, the very last sheet of your handout on the
Jackson Lake paper doesn't have anything to do with the
Jackson Lake paper, but it was just included in this handout.
This is from another study that we made, again only to do witn
seismicity. This was more of a study to decide what number
we would assign as being an acceptable number for seismic
risk.

And our problem here is that in certain areas of the
country, rather than having a specific fault to deal with,
we might have earthquakes at random location. This is more
prevalent in the areas such as Nebraska, Wyoming, North and
South Dakota, Kansas, and those arfras. Here an earthguake
could occur right under the dam si:e, with some probability.
Or it could occur at a certain distance from the dam site with
some probability.

The likelihood of occurring right under the dam site
is extremely remote. And the question here was: What type
of probability should be assigned in deciding the distance
from the site that one should assume the design earthquake?
And in making this study which was handed out, which I believe
Mr. Quittschreiber delivered to the members of the Committee,

I took a look at what some of the probability factors that
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were used for seismic design throughout the country. And
this table is a presentation of what those are, at least the
ones that I fouad.

Just for reference, the 100 year flood shows a
probability of annual occurrence at .0l. A number of struc-
tures throughout the country are designed to handle the
100 year flood. But the probability of exceeding the 100 year
flood is actually quite great over a 100 year period. And

the probability of a 200 year flood is even greater.

The California legislature developed a criteria !

that said that any fault that has shown movement within the
last 10,000 years is to be considered an active fault for

purposes of locating residential structures. . In other words,

{
)

if a fault had moved, theoretically, 10,001 years ago, then
you could site your house ¢n top of that fault. So the
accepted probkability there is an annual occurrence of .0001,

i
and in a 100 year period it's probability of, say, reactivation,

is .01.
|

The probebility of not reactivation or not exceeding
this in a 100 year period is .99.

The seismic risk map, which is now, I believe --
has to be considered a misnomer. We don't talk about the
seismic risk, because we really should talk about risk as
being the total picture. I would rather refer to that as the

seismic exposure.
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In any case, that shows a probability or gives the
probability of a particular level of acceleration occurring
without being exceeded, a 90 percent probability of not being
exceeded in 50 years, which boils down to a once in 475 year
event. And that probability of nonexceederce in a 100 year
pericd is .81.

There was a study done, reported at, I think I said

earlier, the conference that I was referring to. I think that |

report was in Pasadena. Actually, it was at Stanford. This
report, the case history, is for an MCE; was reported two
years ago at Pasadena. And this was an example used by an
investigator, and his probability for the MCE was .00004, and
that gives a probability of occurrence in a 100 year period
of .0004, and nonexceedence in a 100 year period of .996.

The NRC criteria of an earthquake, an active fault,
now called a capable fault, of one movement in 35,000 years,
or multiple movements in 500,000 years, I have interpreted
those to mean -- just for this illustration, that would mean
that if a fault had occurred -- a fault had last noved
35,001 years ago, then it would be considered inactive. So
anything that is an accepted probability for seismic loading.

And the occurrence of multiple movements, I said
more than two in 500,000 years. That boils down to .0000J6
of that type of event being exceeded, and so that would cive

a nonexceedence in a 100 year period of .997 and .9994.
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Those are just some examples of what could be interpreted as
quantitative numbers for just the seismic risk =-- I mean the
seismic exposure.

DR. OKRENT: With regard to the NRC criteria, I
think if you were to look at the return period for what is
called the safe shutdown earthquake, you would have a higher
probability of occurrence than the 100 year period by quite
a bit. 1In other words, I think the numbers you are extracting
from the criteria used for an inactive fault, a lower proba-
bility of occurrence than one gets for the design against
seismic shaking.

MR. VON THUN: This is the only quantitative numbers
that I had.

DR. OKRENT: I realize that. I'm just mentioning
this in passing.

MR. VON THUN: You're saying that the number would
be like less?

DR. OKRENT: The exposure to shaking is larger than

this by quite a bit.

MR. VON THUN: But there isn't anything quantitative. |

DR. OKRENT: Not in the criteria. You have to
evaluate it on a site by site basis.

MR. VON THUN: Yes. It would absolutely have to be,
because there isn't anyplace, I think, that you can put it

aside where you would not have some shaking. But as far as
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deciding whether the fault is inactive or active-- but the
Bureau criteria which we used for the Auburn site was movement
once in 100,000 years was active. Anything greater than that
was inactive. And that gives you the number .999.

So what we said in this study was that, as far as
an order of magnitude estimate, that it was certainly coaser-
vative enough. And so, in making a determination, where what
really was involved here is that, here is our site, there are
random earthquakes occurring, and we had to come up with a
distance from the site where we would say a design earthquake
would occur or a maximum credible earthquake would occur.

And so, if this distance was based on the probability
of that number right there, if there was a .999 chance that
there would be no earthgquake within this zone during a 100 year
period, then that distance was specified. And in this case,
it happened to be something like, I think, 22 miles. There
were very few earthquakes around the area, but that gave a
guantitative way of assessing where we would place the design
earthquake.

On a completely arbitrary basis, we would have had
to say, say if we had ignored the risk assessment, we would
have had to say that the earthquake could occur right under
the dam. So this is the only attempt that we have made to
do a quantitative number like what you are talking about.

And I really think that it is great that people are struggling
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with putting quantitative numbers on just to find out whether
it can or cannot be done,

It would be nice to do it and nice to be able to
tell the public, this is what we're thinking of in terms of a
total risk. Whether we can xtually do it or not is another
guestion.

MR. RUBINSTEIN: Was there any physical basis
associated with that distance?

DR. OKRENT: Would you please give your name?

MR. RUBINSTEIN: David Rubinstein, NRC.

Was there any physical basis?

MR. VON THUN: The actual faults are handled as
actual faults. In other words, we have more than one earth-
quake for which we would design if we had an actual fault,
say, located here, that we knew the distance to, then that
would be used in the analysis, as well as the random earth-
quake.

But in this case there was no structure. This
distance was not based on any structure. It was just based
on a seismotectonic zone.

MR. HARBER: Gerry Harber, NRC.

Is that not based on a continuation of the relation-

ship?

MR. VON THUN: No, not at this point. A continuation

relationship would then -- would occur here. Once you decided
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where the earthquake was, then you would say: All right, we
will consider a magnitude six or seven or whatever the earth-
quake is at 22 miles. And there would be a certain amount of
attenuation to the site.

But the differential in acceleration was not
considered. We tend to specify the earthquake distance,
focal depth, and then look at what its effect on the dam is.
In most critical facilities, I think that is the way that
most of the people that I am familiar with -~ the geologic
assessment is made first of vnen and where the earthquakes
will occur, and then we take that earthquake and specifically
work with it, rather than developing what might be considered
isoacceleration maps and working with just an acceleration.

MR. HARBER: But your circle there is based on

75

the seismicity. How did you ¢t the value of the radius of the

circle? Based on the seismicity of thact area around the earth-

quake within that area?

MR. VON THUN: Yes. In other words, you take a

large area like this, and here's your site here, and throughout!

this large area you say that there is a random distribution

of earthquakes, with some distribution, like I showed earlier,

for a certain probability.
If you take one little spot on that within this
large area, that little spot has a certain probability of

there being an earthquake of certain magnitude in that area
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out of the total area. So if you think about now, what we're
really saying is that within the site area there are a number
of these little unit areas that have a certain probability
of producing an earthquake of a certain level. When you sum
those and they ejual or exceed the .999 probability of
nonexceedence, then you define the area of limitation, where
you say that there is .999 probability that there won't be
an earthquake within this zone.

MR. HARBER: But what happens if the isoseismal
area of maximum intensity is larger in diameter than your

circle?

MR. VON THUN: I would say if that were the situationﬁ

it would have to be handled in a different manner. That would
move you clear out, and you would say there wouldn't be any
earthquake considered at all. I don't think that can happen.

DR. OKRENT: 1I'm going to have to interrupt this
discussion, because we are about 11 minutes behind tle agenda.
It's not your fault.

Thank you very much. It was a very interesting
present«tion.

Why don't we take ten minutes and then resume.

(Brief recess.)
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DR. OKRENTs$ Our next speaker will be Michael
McGee, who | am advised is an environmental scientist with
the Office of Environmental Quality at HUD. He has a
background in geophysics and geology as well as in public
health, ard worked with the Corps of Engineers before
Joining HUD. Mr. McGee?

MR. MC GEEt Thank you. My name is Mike McGee.
As was said, I am with the Department of Housing and Urban
Development. [ am also a member of the subcommittee that
Larry has referred to on the earthquake hazard assessment.
I would heartily concur with many of the observations which
he has made on his specialty, and in particular emphasize
the need for recognizing the distinctness of the terms
"hazard" versus the term "risk,” and how many people
interchange the two.

[ think the question most often asked of me or of
people in ~y office is, namely, what the Sam Hill Housing
and Urban Development is doing in the process of risk
assessment, hazard analysis, because very few people think
of the Department as having any interest at all in such. I
have been in this particular specialty area now for about
2-1/2 years, and the Department for the past five years. We
have been concerned about the aspect of hazardous materials
from the standpoint of community safety, the safety of

HUD-supported projects, whether they be housing projects or
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community development pro jects, community growth.

Our basic issue is land use and the
incompatibility thereof with regards to hazardous materials
operations of facilities versus dense popluation centers and
how community growth is being tailored. We have found, from
our experience over the past, let’s say five years, that the
definition of risk assessment or namely answering the
question of what is an acceptable risk, is réally a problem
in human nature. And it seems to be directly proportional
to the public’s awareness of that particular hazard.

The simplest case where the public is largely
ignorant of a danger, they will accept almost any definition
of what an acceptable risk is. Where the public’s awareness
of that hazard may be, let’s say, equal to the actual extent
of the hazard as known by scientists, engineers, given the
state of the art iimitations. the public is amenable,
reasonably amenable, to some sort of reasonable definition
Of acceptable risk.

The most profound situation seems to be where the
public’s awareness is, shall we say, magnified of what the
actual hazard or danger seems to be, and here the definition
of an acceptable risk becomes a very sensitive issue, and
very site-specific for that portion of the public’s
awareness.

We have been tending toward an education type
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approach, or an answer to try and address this problem, the
igea being to make the public aware of all pertinent facts
of the problem, trying to assure them that whoever the
decision-maker is defininc inat acceptable risk, he has all
essential elements well in hand.

The case history, if you will, which made us aware
that the problem existed, was in South Carolina. Columbia,
South Carolina, to be specific. It was a bulk storage
facility of a utility company which contained 40
60,000-gallon propane tanks, arranged in two rows. These
tanks were of such a construction that they were horizontal,
much like an elongated frankfurter, in their design, and
such tanks, when they are involved in an incident, tend to
rupture quite violently, with the ends proceeding almost
like a missile and in roughly parallel alignment to the long
axis of the tank.

In this case, the proposed housing pro ject was
located right directly near the ends of those tanks, the
nearest house being 82 feet away from a 40,000-gallon == or
a 60,000-gallon container of propane. And the community had
absolutely no idea why any of the engineers in the
Department were somewhat concerned about the residents of
the project which might move into that housing.

Our engineering analysis, which we had to proceed

upon — because, after all, the Department hadn“’t been aware
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of the problem, didn’t have any criteria to apply, was that
an explosion involving one tank would have wiped out 60
percent of the residents of that total project, and we were
talking about a project involving 1100 units of public
housing.

The significance of Columbia, South Carolina,
then, began to get us thinking as to how to define the
problem, what sort of criteria we might need to prevent this
type of thing from occurring again. And we began to
question its well, don’t the local communities have codes
or safety conditions? Because, after all, in recent years
there has been a public trend away from federal regulation,
an over excess amount of red tape, forms, et cetera, just
for the sake of regulaticn.

We found that there wasn’t, in fact, any, that the
local communities didn’t have safety standards, weren’t
aware of the problem as we had not been aware of the
problem, or did not enforce whatever coues they did have.

So we then recognized a need for safety provisions at a
community level regarding hazardous materials facilities.

The principle involved two fundamental concepts
which we defined. One is a safety separation distance.

This is no 100 percent guarantee that — it would be defined
by an environmental safety standard giving an acceptable

degree of risk from some adverse effect. In crude English,
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putting enough distance between that hazardous material
container and, let’s say, a public housing sicte or some
occupied community facility, so that an incident at the
hazardous material site would not adversely impact cor
seriously impact the residents or occupants of that
facility.

The other fundamental point was to define a
recognized danger zone. This danger zone would be that area
physically impacted by that hazardous material, when an
incident occurred with whatever conditions ware operative at
the time the incident occurred. And our principle was that
safety separation distance, which we would prescribe by some
means, would at least equal the worst case danger zone from
that hazardous material container or installation or
facility.

We then funded research, awarded a contract, and I
have the several results garnered from that contract. One
was a departmental guidebook with procedures to analyze
hazards, namely, hazards from fire, hazards from blast or
explosion and hazards from toxic substances, and some
environmental safety standards. These environmental safety
standards addressed thermal raciation and blast
overpressure.

The safety standards which resulted were, one,

designed to achiecve safety for buildings, occupied
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buildings. The precise safety standard was 10,000 BTUs per
square foot per hour of time interval, and this was to
prevent self-ignition of the structure which might be in
close proximity to an intense source of thermal radiation
for a period of time.

The thermal radiation standard for the protection
of people was 450 BTUs per square foot over an hour time
interval, and it was designed to prevent the occurrence of a
second degree skin burn on a person who might be in close
proximity to that intense source of thermal radiation.

The blast overpressure standard was 0.5 psi and it
was designed for the safety of the building structure to
orevent the failure of that structure or the failure of a
ma jor component thereof, which might adversely impact
anybody inside that building, from the blast energy.

Now, @ little bit about the nature of the
exposure. Now, note, [ have been talking in terms of risk,
hazard, but I haven’t really talked about exposure. With
respect to duration, we wecre saying the thermal radiation
mgiht be expected to last for as long as five minutes in
that particular building. The thermal radiation might be
expected to last as long as two minutes, to a person caught
in an exposed area at the time of an incident. And of
course, with respect to blast overpressure, the exposure

would be instantaneous.
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The assumptions were predicated that the local
fire department could respond within a certain set period of
time and act effectively to reduce the amount of thermal
radiation incident upon that building’s surface. The
ability of a person to react and take protective cover
predicated the definition in two minutes.

Now, a lot of people would say that if somebody
was threatened by a fire, it would certainly take drastic
action long before two minutes occurred. Well, we as
engineers, we were looking for a safety margin, and with
respect to the statutory dictate of housing and urban
development, we were looking for rath2r large safety margins
in our result, for this reason, and that is the nature of
the exposed population at whatever time that incident might
occur.

HUD had to be concerned about low and moderate
income families., These families, it was felt, would have a
high probability of large numbers of small children. A
small child in a crib would not be able to take the same
action as, say, one of your average human beings in the
sample population, your normal statistical average, i.e. the
child would not be able to run away effectively.

Point number twot HUD was concerned with elderly
citizens, people with re<stricted mobility. So once again, a

10 or 15-second reaction time to a disaster might not be
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appropriate, especizlly if the pro_ ect was designed for
elderly citizens.

And point number threet handicapped citizens
inight actually necessitate a rescue or physical renoval by
someone else in oarder to ensure that they reached safety
from such an incident.

So these wer2 the concerns that we had when we
built in our safety margins, ar~ asked the research
consultant to come up with environmental standards. The
present status of our regulatiorn now, or our policy now, if
you will, is tnat we have produca2d «n advance notice of
proposed rulemaking which was published on the 10th of
September in the Federal Register.

WNe are presently finalizing a departmental
regulation addressing the hazards of thermal radiation and
blast overpressure, and we are taking the position of
attempting to accurately recognize hazard scenarios in the
worst case and attempting to come as close as we can in
practical terms to achieving a zero risk. By that, I mean
if somebody defines a potential danger, no matter how safely
that tank might be designed, no matter how safe you might
call for certain housing design elements or blast wall
protection or some shielding, there is always the human
element involved, and we are talking about more sensitive

portions, if you will, of the total naticnal population --=
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namely, elderly citizens and handicapped people and so on.
The duration of exposure and the exposed
population caused us to get into risk assessment, which we
have emphasized analyzing the hazard to achieve a low level
assessment of risk. As a case in point, fire analysis, for
us, we found was basically asking the question of: what is

the worst fire hazard for a facility?

Some of the facilities we have come in contact
with, chemical plants, large refineries, various sources
which have had a large array of chemicals and/or fuels in a
large number of various designed containers. Our answer,
which we found, was you basically had to askt what is the
most flammable material present on that installation? What
is the largest container containing a dangerously flammable
material on that installation, and finally, what is the
nearest container to your proposed housing site?

The largest safety separation distance which would
be calculated with resepct to that specific facility
ultimately came from one of those three which had previously
asked the questions, and this was the one which woula be
employed with respect to the whole facility, for that site
or that project which was being evaluated as to its
suitability for housing or community development or what
have you.

Our search through records for data and
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information pertinent to aid us in this == we have found
that there is almost no information which is directly
applicable. We had to take into account a worst fire
hazard, and nobody really asked people the question of where
they were standing whenever they received, like, a second
degree skin burn from an incident, or how many buildings
were involved, radius-wise, from the source of the fire.

50 we were immediately faced with a iimitation, a
state of the art limitation on the amount of data that we
hadc.

We found we also had to take into account additive
factors, namely, what conditions, particularly with regard
to weather or Jjust the human situation, might be additive,
might make a disasterous incident even worse yet ==
environmentally speaking, a worst case condition. Such
additive factors with regard to fire would be high wind
conditions, prolonged drought conditidns and a delayed
response by the community or the local fire department to
enact safety measures and appropriate protective measures.

Interestinoly enough, we did identify one actual
occurrence of such an event, It occurred in Chelsea,

Massachusetts, where approximately one-quarter to one-third

of the entire urban community burned down and the same
hazard scenario, interestingly enough, repeated itself

within a 70-year time span, namely, an industrial source,
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actually a rag shop, caught fire during high gusting wind
conditions. The community, used to fires in the industrial
sector, attempted a delayed response. The water conditions
or the fire-fighting resources were at a low ebb because of
prolonged drought conditions and the same script repeated
itself, I think in 1908 and again in 1973.

The third incident which hit the community
occurred one year later, in 1974, So what we have found is,
in attempting risk assessment or hazard analysis on these
type of disasters, you have to be confronted with a very
large absence of pertinent data that you might want. And we
have had to go the route of research to answer a lot of the
questions which we have had pressing us.

We have had very little tangible that has come
forward and we have tried to expose our problem and our need
for information in as many different directions as we could
go. This has been educational not only in the aspect of us
to the public, but in many cases of ourselves in attempting
to refine hazard analysis.

With respect to explosion analysis, our approach
was the same. What is the worst case hazard? Are there any
additive factors which might make that a worst worst
condition? And I think the most spectacular explosion,
chort of a nuclear weapon, is the BLEVE, the Boiling Liquid

Expanding Vapor Exposion. Most people think of the incident
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which occurred in Crescent City, Illinois. If you are
familiar with the National Safety Transportation Board, they
have some spectacular photos of a fireball which is coming
close to engulfing a small midwestern community, and it
involved a relatively small container, 30,000-gallon liquid
propane tanker.

The spectacular point about it was it is one of
the only photos available of its kind. The pho tographer
happened to be right there at the rignt instant, and he said
that he had terrific problems trying to hold down the light

exposure in order that he wouldn’t lose the photograph.
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These two hazards, thermal radiation and blast
overpressure, we treat in our proposed regulation. Now, we
say blast overpressure because we do not get into fragmenta-
tion or missile effects, which we have become aware are
associated with catastrophic explosions of fuel or chemical
facilities.

These, the statistical probabilities that would be
associated with trying to pin down acceptable risk and an
appropriate safety separation distance, are literally too
large to try and encompass with information as it exists right
now or as we are aware of it right now. I can give you one
example later of such an improbable incident.

The third hazard which we have chosen not to treat
at this time, but to subject to future research, is that of
toxic substances. Many of these have hit the headlines from
time to time in the newspapers and usually involve mobile
sources.

Now, once again, this has brought us to an interest-
ing dilemma. Byithe nature of our responsibilities, we are
treating stationary sources only. This is as opposed to
most of what you hear, involving a railroad tank car or a
truck tanker. These are the purview of the Department of
Transportation, and as such we are limited in what standards

we can apply to railroad rolling stock or truck traffic.

The policy limitation which would hit us were we
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to treat mobile sources would be that we would have to restrict
or apply safety separation distances and restrict housing from
major highways and the rail lines, which have a large occur-
rence of chemical tanker traffic.

Toxic supstar.es. These we have found are asso- ;

ciated with a large number of elements of uncertainty: wind
direction, wind speed, surface wind flow, like wllye wind
flow, atmospheric stability, and just the guestion of an
acute toxi limit of threshold brings into play all sorts of i
guestions about exoéic research regarding human hea'th effects,
what would be a safe dosage for a sudden, intense burst of a
chlorine gas cloud or an ammonia gas cloud. That in itself

would be a fertile field for research. '

We have found two limits or two constraints, even
attempting to refine ourselves to the more concrete aspects
of the problem, basically fire and blast. One is the
flashback, where you have a flammable vapor cloud; and the ;
other is combustion products. Here what I'm talking about,
if you had a chemical container, like perhaps vinyl chloride,
which became involved in a fire, one of the considerations
would be that vinyl chloride is considered a hazardous vapor.
And yet, a combustion product, if you submit vinyl chloride
to fire, is phosgene, which is a military poison gas and '
something altogether different, as opposed to defining a safe

exposure level or an acceptable risk.

1575 091
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As I say, we have only had about five years experience

at this. We are right willing to admit we are still learning
the trade, if you will. The more we compare notes with other
pecpole, the more we attempt to educate the public as to differ-
ent aspects of the hazard, the more we become aware of certain
factors that we have to consider and certain elements which
have to be incorporated in any risk assessment technique.

Our other areas of interest have included the
formation of an environmental hazards task force at the
secretarial level, which is attempting to address these issues
at a policy level for our department; chemical landfills as
a separate issue, and this being necessitated by the results
coming out of the Love Canal incident; radiation, namely
indoor exposure to radiation over reclaimed phosphate areas,
and radiation exposure due to either mining tailings or
radicactive impurities in construction materials.

All these have been hazardous aspects that we have
had to address or we have found a need to address in terms
of community safety and public housing. The constraints that
we now have have either surfaced as a result of people calling
to attention various cases and asking for an analysis from
our field offices or from our assembling of a case history
file of incidents.

And one that struck me as intriguing relates to the

question about why we are treating blast overpressure and

1573 092
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yet ignoring considerations about fragmentation or missile
effects. This involved an incident of a refueling facility
in Port Newark, New Jersey, and one of the results was that
a section of a propane tank was propelled into the air as it
ruptured from a series of explosions at the facility, and
upon returning to earth it penetrated the ground and ruptured
the underground water main which was supplying water for the
fire fighters who were fighting that particular fire.

So an assumption that we might have made as to the
duration of such a fire at a certain facility would have been

shot to pieces by such an unusual occurrence such as this.

As I say, we've only been at it five years and we're

still learning the trade ourselves.

Thank you.

DR. OKRENT: Dr. Lave?

DR. LAVE: I'm curious about two things. First of
all, how is it that you protect severely handicapped people
in the event of a fire, especially if it's a multi-story
building and you're not on the bottom floor?

MR. MC GEE: We have had a case occurrence in
Pennsylvania where they asked for an addition to an existing
elderly facility. The hazard was two propane tanks which
were located about 50 feet away. The community was totally
in support of the project. And our answer, once somebody

arrived on the scene and negotiated with the officials

1573 093
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concerned, we took advantage of natural shielding of the land
and we specifically asked that a blast wall be put into the
interim space between the wing which was to be added and the
propane tanks.

The thermal radiation portion of the threat to the
elderly residents, we asked for optical shielding. They were
going to put porches on the one side of the building. We
haven't got the design parameters, because our limitation
there is we're in the Office of Environmental Quality, so we
have to interact with the architectural and design standards
in housing within our own establishment.

We are in the process of negotiating such considera-
tions.

DR. LAVE: Is it fair to interpret your answer that
your answer is you don't expose them to the risk, and that's
your way of protecting them?

MR. MC GEE: We try not to, yes, sir.

MR. LAVE: A second question is why is it that you're

| using the maximum crvdible accident, somehow defined, as a

design criteria? Here I would have thought that there is no
justification for doing that, that you would want to design
for the expected event and not the maximum credible event.

MR. MC GEE: This came out of our research work with
the consultant firm. For me to go beyond that, I would be

speculating.

1573 094
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‘ ! DR. LAVE: Okay. Then let me just say that I think
2; there is absolutely not justification for using that criteria,
‘ 3 || rather than using the entire distribution ad trying to take
l
4

a look at some scct of average risk, particularly whe:e you're

5 talking about cases of a small number of people being killed
as a result of the maximum credible accident. I just don't
75 see any reason whatsoever to use “hat. And the short-term

8 | consequences of using that are to overdesign structures, so

9| that you have less adequate, less available public housing
loé for people who 1eed it, and therefore they suffer from having
Ml not as much housing as they need.
12 MR. MC GEE: Well, we have also tried to come to

. ’ 13 grips with the problem that the facility or the installation
14 may grow at some future point in time. If I may, there seems
‘5; to be two or three practical limitations which we have to
16 consider, simply because of the current need for housing in the
17

country, and the current need for more and more fuels being
18 conveniently stored for energy reasons, and more and more

" chemicals being utilized by a fairly large number of industries.
20 If we were to assume this is the boundary between,
21 [ 1et's say, an industrially zoned property with some need for

. 22 || hazardous materials, and our proposed project site, when we

23 || review the project we can't make things retroactive to things

. 2 in the past, nor can we treat any change which might occur
Ace-Federsl Reporters, Inc.
25

in the future.
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So if some facility had a large container here, then
our assessment, our distance which might be calculated -- we
realize that the developers are prone to walk the fine line.
Ii you tell them 999 feet away you may build structures and
you can build those structures, ten structures to an acre, they
will go 999 feet and build 10 or 10.1 to an acre, if they can
do so.

The question was asked of us, inrf.ead of fuel A,
some time in the future fuel B is put into this container,
the implication being that fuel B carries a much larger
separation distance than fuel A; what to do then?

Another point was, suppose a container at some point
in the future is put in on the industrial property, carrying

the same chemical or fuel in this container as was in this

|

{
]
|

|
!
1
!
|
|

present container, the same separation distance. The population|

here would now be in jeopardy. Once again, we have no control
in practical terms over such occurrences.

And it was also pointed out that community facilities
being as they are, even though the separation distance might
be here, the children of that community might just elect to
play right here, in which case the safety design measure that
we were trying to achieve would be totally aborted if an
incident were to occur.

So we recognized some elements that, however well

intended the policy might be, were just simply out of purview.

1573 096
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. | DR. LAVE: But I don't understand what conclusion |
2 you draw from that. You know, it's sort of like saying, if E
‘ 3E my grandfather -- my grandmother had wheels, she would be a ;
. trolleycar. If somebody were dumb enocugh to put a facility, i
5; a storage tank, right next to where your property was before,
6% then there's no design criteria you could have used which would I
7} have protected you. ;
8; Wwhat else do you say after having said that? '
|
9 MR. MC GEE: Well, all I'm trying to do there was f
.
» to reconcile the maximum credible, as opposed to an average, i
" occurrence, if you will.
. o MR. RICHARDSON: Jim Richardson, NRC.
o There are certainly some societal benefits to be’
o gained occasionally by taking a certain amount of risk. Has
Isi the HUD arrived at an agency policy on acceptable risk, what |
" level of risk is acceptable to the public?
”I MR. MC GEE: Not at this time. 1
” MR. RICHARDSON: Is there a goal to establish any !
‘9% such standard? ;
o MR. MC GEE: We are looking to interacting with :
' 2 other agencies to try to define such, or to achieve something ;
& consistent 'ith what other agencies may be arriving at on the '
. ? basis of tl.2ir research. But not at this time; there is nothingi
: P — 3: in existence. And we have this not as a specific goal, but as '
- a general principle. ;
1573 097
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DR. OKRENT: Dr. Castenberg?

DR. CASTENBERG: I thought you said at the beginning
of your talk that you were surprised that local communities,
local regions, had not developed criteria of their own?

MR. MC GEE: We found no uniformity.

DR. CASTENBERG: Have you thought at all about
withholding a pruject until that local government or local
agency came up with some acceptable standards that they
developed as a community, rather than you developing the
criteria here in Washingtra?

MR. MC GEE: This again would have been before I
joined the Department, and I can't really say what concerns
were-existing at the time of the research contract. Our
experience started in hazard analysis and risk assessment
after the research contract was turned back to us by the
consultant, which was five years ago. So this would have been
approximately seven or eight years ago.

I don't know, to be precise.

DR. OKRENT: With regard to the question by
Mr. Richardson, a housing development poses other kinds of
risks to its inhabitants besides those that arise from the
storage of chemicals nearby. There can be fires that arise
inside the building, crime inside the building. Earthquakes
can cause damage to the building. And I'm sure we can think

of one or two more.
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Is there some effort to look to see whether there
are important, let's say, gains in safety that could be made
in many of these areas; how the risk from such things would
compare to the kinds of things you have been talking about;
whether there is a more effective way to spend the money at
some pointy and also, what constitutes an acceptable level of
risk in regard to things of this sort?

I have to assume if you spent more money in a
housing development, vou could improve its fire resistance
against internally caused fires, and possibly reduce the
incidence of crime which threatens one's personal life, not
only his property.

MR. MC GEE: We are assessing other environmental
hazards, things like what is an acceptable level of air
pollution, what is the effec: of noise on a community or the
wellbeing of the community, what are the effects of ground
water contamination on a community, particularly communities
out West where ground water as a source may be important for

their livelihood.
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We are addressing socioeconomi¢ factors in appropriate

iighting, whether people may get hurt from the lack of such;
traffic accessibility. There is an effort being made to
address all environmental hazards, whether they be physical
environmental hazards or socioeconomic hazards, by the

Department before each and every project is funded. We had

1575 099
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. '! some involvement in the Love Canal incident. Some properties ‘:
2% were inherited back by the Department. Fortunately, someone i
‘ 3§ told me that the person looking over the project application !
‘i of Love Canal remembered that somewhere there had been a !
5; chemical facility, and they had disposed of some sort of E
6; chemicals way back when. And so he wrote in a precautionary !
7% statement in the projects being applied for that the |
8 ! Department should not consider anything except those homes !
9? which were sited on original land, i.e., no landfill type of '
2 i sites. |
e And that thing in itself, T expect, saved the |
i Department a good deal of embarrassment when Love Canal did |
. " surface when it did. And this was well before there was any
- such thing as environmental assessment or many of the terms |
‘Sg that we have today.
" We don't have risk assessment in precise quantitative |
¥ terms. In the absence thereof, we tend to approach it as close l
. as we can to zero risk, the standpoint being, if there is a 5
" potential danger there, then it becomes a question of when !
20{ this hazard actually will occur, as opposed to if it will :
21 | ‘
occur. |
o = DR. OKRENT: Dr. Shinozuka? |
o DR. SHINOZUKA: The fact that you intend to provide
3.”‘ o .2': the people with zero risk, isn't that the basis for your
25 choosing maximum credible situations? 1 573 100
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MR. MC GEE: In part, sir, in very large part.

DR. OKRENT: But isn't it a fiction that you are
providing zero risk, since there are these other risks which
in fact may be fairly substantial? You're trying to make it,
I will call it, zero for purposes of discussion with regard
to one specific area, let's say the storage of hazardous
chemicals in the vicinity. But it is not a general goal that
you are trying to achieve for all aspects.

MR. MC GEE: OCne constraint that we realized with
regard to blast overpressure is in the standard as specified
by the research consultant for what money that was available
at that time. There is some probability that someone could,
after all, be standing in front of a window, and although
the building itself might be secure from the blast wave
incident upon it, that person could just happen to be standing
there looking out of the window when such a blast would occur,
would most assuredly some adverse health effects.

Trying to pin precise numbers on what is the
possibility of a person being impacted by shattered glass
from a- explosion which is, according to the industry, fairly
negligible to start with, is verv time-consuming to consultant
and research firms, and very expersive and very iffy to pin
down; and kind of like the example of what is the probability
that a large section of propane tank will take out the water

main which is being utilized to fight the fire.
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There are too many "if's" in the problem, I guess,
is what I'm saying.

DR. OKRENT: Well, we are a few minutes behind the
agenda. Thank you very much for an interesting discussion.
It is my first knowledge of some of the cases you mentioned,
although I was aware that HUD had some kind of program of
this sort.

I'm going to propose that we break for lunch and
reconvene, according to the agenda, at 1:30.

(Whereupon, at 12:35 p.m., the meeiing was recessed,

to reconvene at 1:30 p.m. the same day.)
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. ! AFTERNOON SESSION 1
2' (1:35 p.m.) t
. 3| DR. OKRENT: We are going to have a shift in the !
‘i printed agenda and the next speaker will be Mr. Snyder from x
5i American Nuclear Insurers. !
6 MR. SNYDER: Thank you, Mr. Chairman. |
7’ My name is Phil Snyder. I am here -- I don't know I}
9-: if I can say representing the insurance industry, because that f
9% is a rather broad term to say anyone is representing. But by i
‘oi my experience. in that area is why I'm here. I am a professiona]{
”: engineer, started life as a chemist, spent eight years with |
|
12|l Reynold's Aluminum doing chemical and metallurgical research, !
‘ 13/l and then out of that, for some strange reason that I've never !
14| quite figured out, I ended up in the insurance field and have i
‘5| been working there for the last ten years, doing exactly what !
‘6| we are discussing here today, and that is, assess risks, |
17|l translate these things to underwriters so they can make ;
18 || financial decisions, and work with the reduction of risks. ‘
19 Now, the topic, of course, is use of risk assessment ‘
20 | methodology, goals, and the criteria used by the insurance i
|
21| company. The initial draft that my boss wouldn't allow, I i
. 22|l just said, well, we don't use any, and said that was simple, I
23|| which isn't quite true. And he pointed out to me all the |
' 24 | shortcomings in my statement. l
Ace-Federsl Reporters, Inc. |
25 We do not as an industry sit down and perform ‘
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esoteric mathematical studies of the risk, such as some of

the things we have heard -- dam failure, aircraft crash,
specific seismic probabilities at a specific location. But

we do use historical facts concerning many events, and we use

a branch of science called actuarial science, which is a little
bit of mathematics and a little bit of waving a magic wand

over a black pot, and put this result into our business.

Now, before we get too far along, I need to give
you some brief idea of what insurance is. Insurance is not
gambling. We don't sit down and play a poker game and shoot
craps. Insurance is the transference of risk. The risk has
to be known, identifiable, and already existing, before we in
the insurance business can, for a financial fee, accept this
risk, to take it off of someone else's shoulders.

In a poker game, two people sit down and actually
create risk out of nothing, and that is a difference. And if
you have something that is speculative or is in fact gambling,
you'll find you cannot buy insurance on the outcome.

Now, back to this risk assessment. The simple way,
of course, is for the people who are like Travellers', Mutual,
Liberty, somebody that's in the homeowner's insurance, because
they have got just the ideal situation. They are writing
single family dwellings all across the United States, and yovu
find that these are very easily categorized into similar

things.
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Almost all of them, without doubt, have bathrooms,

kitchens, bedrooms, living aresas. A certain percentage have

carages. There are only certain broad categories of construc-

tion. You have frame, you have masonry, you have masonry
veneer, and so forth.

Values also tend to lump together. You will find
that probably 99-1/2 percent of these will fit between
$30,000 and $200,000 in value.

So you have a tremendous, broad, and relatively
homogeneous population, and the actuaries can sit down with
these numbers and they can predict, at least on a nationwide
basis, right down to the seventh and eighth decimal place
what the loss experience in residences will be for the coming
year.

And the statistical base is so large that, say,
something like the conflagration in San Francisco after the
earthquake, which destroyed a very large segment of the city,
that doesn't affect the statistics at all. That is just way
down in the sixth and seventh decimal place.

Now, that is fine and dandy for us. Unfortunately,
in the business I'm in, American Nuclear Insurers, policy-
writers on such places as Three Mile Island, we are not
working with a broad base of small-valued homogeneous items.
We have specific large-value nuclear power plants, fuel

fabricating facilities, research institutions, and so forth
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around the cnuntry.
And for those of you that do play with statistics
on occasiornr, there is nrthing worse than the guy come running
in and say: Look at here, we've got a population of three and
an experieice of X; now what's the frequency going to be over
the next ten years? Then he doesn't like the answer he gets.
So what do we do at American Nuclear Insurers, at
other insurance companies in this type business? I mean, let's
face it, General Motors has insuranne, Ford Motor Company,
say Celanese Chemical, large papermills. They all carry
insurance. They're industries. Say U.S. Steel; you don't have

a large, homogeneous population of steel mills, either.

And the things you do statistically just don't apply. |

Yet we can profitably assess these risks and provide insurance
for this type facility. And the way we do it is to sit down
and hire a good engineering staff, which operates at many
levels.

You start out with actually having engineers in the
field. Usually these are fairly young people. Most of them
are either fresh out of college or -- often we find that they
are just either retired or have come off a hitch of, say, Navy
duty. In mechanical areas, a machinist's mate makes a good
starting point for certain types of engineering inspections.
These report to supervisors with more experience and training,

and right on up the line. 1 57'5 106
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‘ 1 And pretty soon in any industry, be it automotive,
2| steel, heavy chemical, primary metals production, you have
. 3| a large body of experience of looking in detail at very
4| small, discrete things, which funnels in like tributaries into
5|/ a river. Finally, somewhere at the top, you can make industry-
6| wide assessments for broad rating purposes, and you can make,
7: to some degree, pretty good individual facility assessments
8i that this place is going to blow up or it's not, or it is a
9| good risk or it's not.
10 Let's get back to some of this. And I will do a
1Ml 1ittle horn-tooting specifically in nuclear power plants.
12| There is no experience. The first one didn't go into
‘ 13|l commercial opera::on until either the late 50s or early 60s.
14|l I forget when Dresden started up. We haven't had, thank
'5. goodness, a large history of big accidents to play with. So
16|| statistically we just have a broad range of confidence.
17 But what we in the insurance area find is two things:
18| One, in any industry, in any area of insurable loss, even the
19| homeowners, it is not the big total 100 percent loss of some-
20| thing that we look at, that costs us the most money and so
21| forth. It is the increme-tal loss. It is when you burn out
. 22 || your kitchen because the grease caught the curtains on fire.
23|| That is not the total value of the dwelling. There are very
' 24| few of those in the country each year. But you have an
Ace-Federal Reporters, Inc.
25 I entirely different situation when you look at how many kitchen
1573 107
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fires were there. And these, of course, are less than the
policy value.
We carry the same thing in nuclear power plants.

You find you have turbines, valves, motors, pipes, structures,

electrical circuitry, control boards, pressure vessels, piping.

And we, at least, say to some extent that the pipe carrying
steam is a pipe carrying steam. An instrument cable is an
instrument cable, whether it happens to be sensing the
temperature of molten metal in a steel mill or whether it
happens to be carrying a signal for a containment pressure

sensor.

And we look then at this. It is an instrument cable.

In the case of fire protection, which is my area of greatest
experience, we know that cables burn. And the insurance
industry knows that cables burn. 1In fact, in 1956 -- not '66
or '76, but in '56 -- the Factory Insurance Asociation, which
is now called the Industrial Risk Insurers, published a book
which covered cable fires, switch gear installation and
proper installation and protection to prevent this.

Now, in the nuclear industry we sometimes tend to
reinvent the wheel and things that may happen in a steel mill
or a paper mill obviously can happen to us, and we sit down
and write new regulations in a vaccum and they get enforced.
Bright young design engineers sit down and design things out

of existence.
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At this point, as I usually do some place in every
one of my talks, I will throw out Snyder's law again. Number
one, it is that everything that can burn, will. Number two
is, ignition sources are free. And, mmber three, Murphy was
an optimist.

And the insurance organizations around the world
that participate in writing nuclear facilities -- and this is
a great, tightly knit fraternity that brings all of the
insurance money available together, so that the plants in the
United States, the plants in Germany, the plants in England,
Sswitzerland, Sweden, are afforded the maximum insurance
coverage that they can get.

We participate in all of them in the free world.

But they look--the insurance business' greatest experience

in large facilities is with fire insurance. They look at

the nuclear industry worldwide. They determined that the risk
from a large fire was too great. So, starting in 1972, there
were several international meetings which resulted in the
publication of international guidelines for fire protection

in nuclear power plants.

This was issued prior to the Brown's Ferry fire, and
we like to toot our horn again and say, if Brown's Ferry had
been constructed and operated in accordance with those
guidelines, they would not have had their disastrous fire.

We didn't insure Brown's Ferry and we didn't expect

1575 109
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Brown's Ferry. But I will go so far as to =y that if we had,
we would have prevented it, because you just never know.
Again, Murphy was an optimist.

There are lots of other cases where our practices
in the insurance industry for reducing risk, at least to our
dollars and the policyholder dollars, just doesn't quite track
with the regulatory atmosphere we see today. Piping is a
good example.

We know that you have pipes in zaper mills, chemical
plants, fossil-fired coal plants. You name it, everything has
got pipes. You pipe water, steam, what have you. We also
know that these things are subject to failure. There are
quite a few piping failures throuyghout the country each year.
And our way to ensure the least risk to us is to insist on
full compliance with the ASME Boiler and Pressure Vessel Code,
and that goes for the design, the construction, and the
maintenance and testing.

And if you closely read the federal regulations in
this area in the nuclear business, you will find only eguiva-
lency is required. And we sit back and say: Well, we don't
know what equivalent is. We decn't have the staffs available
to decree or study that something is equivalent. Sc we just
fall back and say: Fine, you meet the ASME Code. When you
have the certified stamp by all the authorized inspectors and

the operating certificates are in line, we will insure it.
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Of course, next year, when it's time to test it, you
have to keep that up, too.

Now, back to the actual, I guess more in-depth of
risk analysis. As 1 said, we don't really do a rigorous
mathematical analysis of our risks, except in those areas that
are subject to good statistical work, such as homeowners
insurance, life insurance, where the risk is of early death
and you have a tremendous population to calculate for.

When you write a billion dollar chemical facility
and you are writing a policy that covers not only the actual
physical value of property at that location, but also the
continued operation of it, which we call business interruption

insurance -- and say, a large refinery could purchase a policy

that, in the event of loss by fire, storm, explosion, lightming,

what.ver, it is covered; that the insurance company will pay
for their loss of profits until that production is restored.
And if you look at the production values of some
of the refineries and chemical plants these days, you defi-
nitely get the attention of the underwriters, who immediately
come over to the engineers and say: Hey, what's going on?
Can I write this? 1Is it going to blow up tomorrow? And we
always very carefully weasel it around and say: No, it is
not likely to.
But he is the guy that signs the policy, but he

always has a memo from the engineering side that told him it
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was okay.

But we divide our loss studies in this high-risk,
high-severity, low-frequency situation, into sort of three
levels. We have what is called a probable loss. This is the
case where, back to Snyder's law, where it says ignition
sources are free. We ;ssume some accident occurs. But then
we assume a reasonably adequa‘e performance by the plant
personnel, by designed-in, built-in safety features and so
forth. These are your normal, nonconsequential industrial
accidents: a gas pipe fitting, a furmace breaks, the low .
pressure sensor senses this and the valve goes shut. That is
an accident. Everything works like it should. And away we go. |

We basically don't insure these. These are handled

by policy deductibles. We sort of consider them just normal !
occurrences.

The second level we look at we call a maximum
probable loss, which goes &« .ttle further and assumes some
adverse performance, either in the case of the operators or
on installed safety equipment or other such things. The
Brown's Ferry fire and the TMI incident we put in this category!

of maximum probable loss.

And since we are in high limit, infrequent but
high severity incidents, we have a third category which we
call maximum catastrophic loss, which anticipates a serious

failure of equipment and adverse performance of personnel.
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And we also anticipate that the loss will progress beyond
those areas where you would normally expect it to bound itself
by some passive means.

To get these concepts across, we usually use the
example of a turbine. In the first case, that is a probable
loss, we would assume that the turbine froze a blade, and this
is held within the casing. The vibration sensors which they
have sense the imbalance and the machine is safely shut down.
As I said, we have deductibles and exclusions for that type
thing. It is a normal operating occurrence. There is no
problem and no insurance collection by the client.

At the second level -- in fact, we actually study
things like this to get estimates of the dollars involved.--
we would make the assumption that this blade or several blades
actually penetrate the casing, do it in the worst possible
area, sever a lube oil line, and a fire starts. But to fit
in this category, we would then assume that the operators
took the correct actions to begin bringing the turbine down
to standstill, lubrication was maintained, and the fire
protection systems did activate and control the fire. These
are the type things that start getting headlines to be
written up in the paper. If it is a nuclear plant, it will
make national news,

The third case, though, we also look at -- and

very few people se'm to go that far -- as we assume, without
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attaching any probabilities yet, that everything that we have
talked about before happens. The blade goes up. It ruptures
the o0il line and the fire .starts But in this case the fire,
we would say, might progress sucl as it burns out the wiring
which powers the lubrication oil pump for the turbine.

We heard about the propane tank breaking the water
main. We could make some assumption that the fire protection
system was impaired for one reason or another. The turbine
is sitting there burning, attempting to coast down without
lubrication. We seize a shaft, break the unit in two or
three pieces. The missiles progress out in sort of predictable
paths, hit a transformer in the switchyard, and that causes
an electrical failure here, there, and yonder.

And these chings do happen, fortunately not very
frequently, and we do look at them. And a fair amount of our
engineering work is in trying to prevent this, such as reloca-
tion of equipment, redundant lubrication systems, protective
control wiring, this type of thing.

We use, as I previously mentioned, a large staff --
"we" means the industry -- a well-trained and experienced
inspectors and engineers, and we inspect. And we consider
there's a big difference between inspect and audit. We
inspect all of the facilities which we insure on a rather
detailed basis.

In just the mechanical equipment area, our inspectors
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will average about 45 days per year per unit in a nuclear

2‘ power plant. In doing this, he is physically checking motors,
‘ 3{ valves, piping, hangers, you name it, for their degree, how

- well are they maintained. He spends very little time,

sl relatively speaking, reviewing compliance with maintenance

6§ criteria. Instead, he goes down and loocks at the pump, or

7% he looks a*t the motor.

Bi And it is surprising how many times we will get a

|

9% report in that the motor is fine, the pump is fine, but it's

" got no lubrication oil in it. And when we check, we find

! that the documentation is sufficient to show that this is
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properly maintained, but the end result doesn't agree with
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We use these engineers, and we use them
sub jectively and objectively. The subjective area is, in my
opinion, th2 most important, and this is their personal
spinion of the plant management, and these come from various
diffarent types of inspectors.

N2 have inspectors that are experienced in the
fire Protection areas. One of the first things we ask of
these inspectors is, what is your opinion of the managemant?
Are they cooperative, and on and on and on? We send in
mecnanical 2quipment inspectors. Ae ask them the same
questiont Ahat is your opinion of the management? Is it
good?

We will send in nuclear specialists, and this is
whers we, of course, get into most of the auditing
procedures. But still one of the first questions we ask
them ist Wnat is your, Mr. Inspector, your personal opinion
of management? And this subjective opinion, we fe2l, is the
most important item in assessing the risk at a particular
facility. And although it may be axtremely difficult ana
impossible to quantify, it is our feeling that if you have
poor management, you have a definite increase in risk.

The next areas we look at, of course, get into the
objective area whers you can define and quantify such as we
look at specific plant protaction. Does it mean the

appropriate ouilding codes? Does it comply with the
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appropriate ASME codes? How many fire protection systems

are there? Of what quality are they? Are they build in
accordance with the applicable cod2s? #hat are your actual
demonstrated results of maintenance procedures? nNhat type
of protection do you have against flood, tornado,
earthquake, lightning, and so forth? These, we look at and

can verify and do use in actually developing insurance rates

and so fortn.

A third gross overall area that w2 look at is in
that area of specific hazards, such as rad waste handling
systems. You’ve got liquid, solid, gaseous, and so forth.
There are all sorts of ways to compress, compact,
concantrate, transport — you name it. WAe insure the
results of this, either if the equipment breaks or the
resultant contamination, so we have specialists who look at
thes2 specific hazards.

For instance, if you are concentrating waste and
using a medium that has known hazards of combustibility, we
look at how is this comoustible medium nandled? Is it
safely storad? Are the purchass orders written in such a
mannar that if you think your order of methyl-ethyl ketone,
you don’t g2t methyl—-ethyl ketone peroxide. That’s not too
likely to happen anywhere, out it is just an example.

For instance, we ask, because of the known hazards

of nlastics, that you use certain grades of plasticz film for
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your covering protector and so forth. At this point, we
nhava a specialist wno’s checking to see that thesy are, in
fact, ordering and are, in fact receiving the appropriatz
material.

In this area, we issus bulletins. You will
find =— [ tnink we copy the NRC as well, but we havs
oulletins ranging from everything from how we want your
cooling towars constructed to proper design for off-3as
systams at 3WRs. And we ar2 most of the time proud of the
fact that we don’t have to follow these rather slow federal
regul atory processes and can do things in a hurry.

Of course, doing them that way, we’re not always
right, but at least we do something. As a for instance ==
and we can go back to Brown’s Ferry again — at th2 time of
the drown’s rerry fire, the nuclear insurance industry had
identified that penetration seals, those caoles through far
areas, were a proolem and that the combustinility of caoles
was a problam area.

We had started testing in several areas before th2
firs. In fact, our first cable fire tests were run several
months before Brown’s Ferry. And after the fire, we wer2
abla to get an area of penetration seals, a full-blown
approval and testing program underway, and by fall —=- that
is petween the fire being in March and either late September

or aarly October — was the first full-scale industry test,
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N2 had our program down, uJocumented the approval
procedures on the way, and industry testing underway. E}
continued tasting cables, and we issued our own guidelines
for cable construction, cable installation, cable
separation, even though we had a lot of argument with tas
IEEE and a faw other organizations. And we did that, had
our own guidelines out by early 19/6 in a final form, and
unless I have missed something drastic, the federal
govarnment still does not have definitive regulations in
this area. They are still in draft. There are still
hearings going on. And there are only beginning to be
national concensus standards coming out in this area.

So we are proud of the fact that we can identify
areas of hazard and areas of risk, and at l2ast for our
purposes of protecting our dollars, move promptly to do
something aoout it.

Now, the purpose of this Subcommittee, as I
undarstand it — and [ may be wronj == is to review the NRC
program on Juantitative risk criteria ana to possibly se:2 if
there are methods, et cetera, that could be used to reduce
the risk to the public. And I say, fine. If we are looking
at a broad population, a statistical probability of
earthquake, that’s the only way you can do it —— take a
large population. You know where the faults ar2. You make

assumptions, and so forth.
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But we are dealing with your licensing. Ae ar2
insuring spa2cific nuclear power plants. We gon’t write an
insurance policy on a nuclear power genarating industry of
the United 3tates and have this big, broad, wonderful
average to work with. We write specific facilities, ana the
NRC licenses specific facilities, and it doesn’t do us or
you too much good to know tnat some event has an entire
popul ation probability of occurring only once every 10,000
years because no on2 stops to addr2ss tn2 fact that that is
fine, but does it happen to oe once in ten years at this
particular location, and once in & million at all the rest?

Tnat’s what we have to deal with in the insurance
industry — is which one is the one that’s going to get us,
not what is the industry-wide average. It is sort of a lase
of figures don’t lie, but liars fijure.

If I can offer a suggestion — and [ doubt very
seriously if it can be implamented under the regulator
systams -- out that suggestion is that to reduce individual
risks which will have the n2t result of reducing ovarall
risks, you concentrate on the management of the facilitizs.

And the example I will give of that is th2 Dupont
Corporation. They have, or they are well recognized at
least in my business of being Mr. Safety = they don’t bliow
up plants. They don’t burn them down. They don’t in jur:

employees — anything like the rest of American industry.
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[heir personnel safety, fir2 and explosion safety,
transgortation safety records are so good that they honestly
cannot afford to purchase insurance because the incCreaseaq
cost to the corporation would just oe prohibitive, D2cCause
no insurancs company could afford to write those gr2at of
values, 2ven knowing the low risk, for a premium that
anywhere approaches their in-house cost for maintaining and
operating a safety program.

And the key to the Dupont progjram and quite a faw
othar chemizal people in the chemical industry is management
responsipbility from the Chairman of the Board to ths
President of the company to the individual plant manager.
There is a real, deep belief and dedication to doing it
safzaly.

When a Dupont plant puts up a sien that Says,
"Safety first", they really mean it. They don’t do it
because the National Safety Council sent them a box of them.
In fact, they take it so seriously that a Dupont plant
manager who has too many accidents at his plant is in
jeopardy of losing his Job, even if he happens to be setting
a productivity recerd for the whole corporation. They will
not tolerat2 managers who don’t run a safe plant.

And by having this personal responsibility,
knowing it is my joo, we get something done. They believe

in it. The foreman on the line who is supervising the
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people, he <nows that he will get fired when the plant
manager jets fired. So he is interested in veing safe.

I think one of th2 best sxamples of that in tnh2
federal field and something that thes Commission should
definitely look at is the outstanding lack of succsss of th2
()SHA progran. This was forcad onto American industry as the

great, wondarful thing that will make the workplace safa for

the worker, and if you look at th- statistics, ther2 has
been no improvement in accigents whatsosver.

Tne plants that were safe operations Dbefore OSHA
are still safe operations. The plants that weren’t safe
operations oefore OSHA still aren’t safe operations. And
there again is that managemant commi tment.

(OSHA requires compliance with regulations, and
ther2 are two ways to comply with regulations. You can 3o
out and do only what you absolutely have to as a minimum to
meet the letter of the regulations and the auditor checks
you o ff, or you can r=2ally want a safe operation — find out
what the regulation means, where it came from, and 3o out
and do it on purpose, make it better in some cases.

In our own ar=za, you can see this when we
interview and discuss operators. You have operators in
thes2 plants. He’s got a license. He’s a licensed
operators he’s been through the training program. And thersz

is one guy =—- he wanted to be a plant operator. That was
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one >f his 0ig goals. H2 wants to oe a good one. He
studies extra times he goes further than he has toi he
learns what makes a plant tick. He spends time talking to
other peopl2 in other departments == what are you doing ==
and he’s a uarned good operator, and yet he may have had the
sam2 score nan the examination as th2 guy who only did what
he absolutely had to.

And I think from your own 2xperience, you will
«know that taat second guy is a much poorar operator than the
first one I discussed.

And with that, I will answer any guestions that I
can.

DR. LAVE: You made this interesting statement to
oegin with that there were small evantualities that wound up
cesting mon2y. Is that only becausz of experience to date,
or do you expect that that will be true in the future? If
sO0, why do we need PEice-Anderson?

Mi. SNYDERt Well, I hearac a similar guestion
earlier today. nNe need Price—Anderson because the insurance
industry does not have sufficient assets to provide all the
coverage necessary to the public.

DR. LAVEs Come on, now. What kind of accident
are you talking aoout?

MR. SNYDERt Well, what was tne release at Thrae

Mile Island? [ mean, offsite it is a minor accident, yet
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looc at it from the insurance company’s stanapoint. For the
next 20 years, you’re going to be battling lawsuits ==
Dossibly if the court climate is such, paying exorbitant
claims. Thare is no limit to wnat the courts may allow in a
very minor accidant.

S5 we think = and we may be wrong, but the
Congress somewherz made the decision that we do need nuclear
powar. Someone made the decision tnat the available privata
insurance wasn’t enough to give the public 3 good f22ling,
so they addad some on top.

DR. LAVEs Without getting to that, could [ get
back to the first part of my quéestion? [ understood you to
say, it is the little things that have Cost you mon2y so
far. And let me just ask again, do you expect that will
continue to oe true in the future, aosent some really
colossal occurrence?

MR. SNYDER: Okay. You may have misunderstood
that. You’re rignt. Let’s take a nypothetical plant of any
typ2 that is worth $100 million, anc we write an insurance
policy for $100 million. The probaoility of paying that
$100 million is Jjust vanishingly remote. What we pay ar:
the $10,0000% $30,000% $50,000 every month, two months,
thres months, type losses. And these add up over the entire
history of an insurance organization to be a much greater

sum than the individual, infrequent, what we call
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Di. LAVE: Would that also be true, for exampls,
for supertankers carrying oil?

Mi. SNYDERs [ don’t know. I’m not in the marine
insurance ousiness. But cepending uoon now the policies
were written, which might cover contamination to cargo, late
delivery, tnis type thing, it vary possibly could. If there
was only a catastrophe policy writtan tnat we’re only going
to pay you when the thing finally sinks, then, no, that
woulan’t be true.

DR. LAVE:s That must be just a lovely kind of a
cas2 for an insurance company, if your claims are rz2latively
small, much less than the face value of the policy — lots
of little tiny claims instead of a couple of really Dig
ones.

MR. SNYDER: Well, no, it is not, because they
won’t buy the insurance if our premiums are esxorbitant, so
we nave to sort of palance in there, if we are writing a
$100 million facility, they aren’t going to pay $50 million
a year for insurance.

DR. WILSONs But [ don’t understand that one,
because the premiums that a utility company pays now are
such a small fraction of what the charges appear on my
electricity bill, I mean that it’s after all == the reason

they buy insurance is because they nave to. If you multiply
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it oy ten, it still won’t be on my 2lectricity oill.

MR. SNYDERt That’s true.

OR. AILSONs So that answer, [ think, is just
wrong. It just can’t be right.

MR. SNYDERt: Let’s back up a little. He are in
the free market situation that, with the exception of what
is required by Price-Anderson, the utilities can elect to
ouy or not to buy our insurance for damage to their
proparty.

Now because Price~Andarson is mandated by law, and
we are a monopoly, wa feel somewhat oound to Kkeep the rates
as low as possible. In fact, if you look at the structure
after ten years, we return all unexpended premiums to th=2
policyholder. So what the utility paid in ten years ago,
which wasn’t used to pay for losses that resulted from
operation during that year, is returned to anim this year.

DR. OKRENT: Can you say whether you have
differentials in rates for insuring different nuclear power
plant properties pecause of the managemant?

MR. SNYDER: No, not for management.

DR. OKRENT: So all of the managemer.s have turned
out to be the same in your eyes from a dollar protection
point of viaw?

MR. SNYDER: FrFrom a legal rating point of view, Dy

being able to look at lots of things, if we have a plant

1573 1Z0
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that we do feel the managemant is 2xtremely poor, we can

find enough other things to complain about which are the
result of tnat poor management to actually g2t an increase
in rate. But it is not and cannot legally be the cause of
our Judgment of their management capabilitiss. It has to De
oasad on physically verificaple,
you=guys=don/t=-maintain-this-and-it-doesn’t-work tyge
situations.

So it is the same result.

DR. OKRENT: Dr. Castanpergy?

DR. CASTENBERGs Etarly in your talk in regard to
fires, you used the phrases "The risk was too jreat, and
therefore we went and looked for some guidelines." When you
used the phrase "the risk was too great", was that a
qualitative judgment or a quantitative judgment mada — that
the risk was too g3reat? How did you arrive at that phrase,
or how did you arrive at the decision that the risk was too
great?

M. SNYDERt It is almost like a multiplex. W2
talked apbout rating. Obviously, if we could charge the full
Valu2 of the plant, we wouldn’t care what the risk was
because we could never pay out mors than that for the rates
that we have to charge, and I“m talking general industry
now. They pay maybe an average of six cents per year per

hundred dollars of value of insurance, which is generally
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about one tanth of the average homsowner’s insurance. So
when we look at a facility and then we find historically
nere and ther2 something new is cropoing up like
concantratea caple fires, w2 transpose that t{o whatever
we’ra working with, and we say, worldwide we have
axperienced a certain number of fires of values, dollar
values at a certain level, can we afford at our present
ratas to aczept that risk of occurrence in our plants?

And when we find that we can’t, because we ar2 in
compatition with other organizations who aren’t going to
raiss their rates because we do, we have to improve ihe
protaction and the design.

DR. CASTENBERG: 30 you have some threshhold limit
in dollars paid out which is a criterion?

MR. SNYDER: Yes, out it is not fixed.

DR. CASTENBERG: [ se=.

MR. SNYDERs It floats.

Di. OKRENTt Dr. dilson?

DR. WILSONs The thing I’m not clear on, in some
othar industries, caertainly in for example gasoline tank
trucks and things of that sort, th2 insurance industry seots
standards. What is it? The Fire Protection Agency in
Boston actually does it, and in fact they have got other
standards for some of the industry sven peyond that, and

premiums for insurance are judged by th2 use of those
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standards.

So in a certain sense, the insurance industry did
a fair anount of the regulation of the industry through this
oractice. dJow I don’t know of any example in the nuclear
industry. [s there any, for example, example where you
woula set higher premiums for Thres Mile Island=2 than Taree
Mils Islard=1 or anything whatsoever in the nuclear industry
wher2 you ware setting a criteria and force it on the
industry by adjustment of the premiums? Or is there any
contamplated?

MR. SNYDERt Yes. We do that for each individual
.acility. [ am not an expert in tha rating of the public
liaoility insurance portion, but I know they have a
published schedule that is public knowleage that they us2 to
assass plants which cover such things as surrounding
population density. And all of thes2 factors go in, and
different plants nave different rates.

On the property side, the diract physical Jdamage
to the utility company proparty that I work with, w2 hav2 a
Rating Bureau which is an independent organization, Nuclzar
Insurance Rating Bureau, that sits, I guess, quarterly in
New York City. We have to report to tham a certain list of
facts about the individual plants. What is the siz2? dhat
is the value? What type of plant is it? Who built it?

Ahere is it? What kind of public fire department do they
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navs nearby, and on and on and on? Many regorts. And they
astaolish, oased on a lot of things including general
oupblished insurancs rates for specific nazaras, and they
com2 out with a rate. And that is what is charged to the

plant.
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DR. WILSONs The second part of the question, is
there any feecback, and if [ take the Pilgrim plant neear
Boston, which happens to be a local one, it is a little
closer to Boston than, for example, Maine Yankee up in the
corner of Maine, and might, by your population density,
therefore satisfy some different criteria. Is there any
known case in a siting decision to a utility company, say,
do they bill Pilgrim=2 or do they bill Maine Yankee 2?2 Is
there a choice of these things influencing what the industry
actually does?

MR. SNYDERs There should be, but the only time
[“ve ever seen this effect occur is when we negotiated with
the utility and said, what you propose is just not
insurable. There will be no insurance available, period.
Then the listen. Otherwise, as you previously mentioned,
the cost of insurance is such a small part that it is
generally ignored.

DR. OKRENTs Thank you, Mr. Snyder. This was an
interesting talk. [ appreciate your coming here., I
understand that Mr. Ellett and Mr. Richardson are here now.
So we can revert back to the planned timing, albeit a little
delayed. Let me asks would {t intolerably inconvenience
Dr. Page, for example, if he is 40 minutes behind where he

is currently scheduled? Because we have slipped, is that

tolerable?
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DR. PAGE: That is okay.

DR. OKRENT: Then I would propose that we hear
from either or both Mssrs. Ellett and Richardson from the
Environmental Protection Agency.

MR. ELLETTs My understanding, you’re going to
have other people from the EPA this afternoon == [ think you
will see similarities and differences between how each of
these offices factor risk analysis into their
decision-making process.

The Office of Radiation Programs uses a variety of
considerations in setting radiation protection standards and
guides. Risk is, of course, only one factor in the
decision-making process leading to regulation. I believe
you have copies of our policy statement of March 1975. It
has been published in the Federal Register and several other
places.

[ would like to call your attention to the last
paragraph in that statement, where it says the linear
hypothesis by itself precludes the development of acceptable
levels of risk based solely on health considerations.
Therefore, in establishing radiation protection positions,
the agency will weigh not only the health impact but also
social, economic and other considerations associated with
the activities addressed.

As is also stated in this policy statement, the
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Office of Radiation Programs believes it has an obligation
to make available to the public numericel estimates of the
risks to human health from radioactive contaminants. The
agency recognizes that these estimates are not precise and
that they are truly estimates and not predictions of
environmental impacts.

While such estimates are an important component of
the standard-setting process, they are not a substitute for
the current federal radiation protection guides, and [ would
like to recall the first federal Radiation Protection
Council publication, where injunctions are given that any
radiation exposure must be both useful and necessary in the
first place, before there is any consideration of whether an
allowable risk is all right, an exposure must have an
expected benefit compared to the health risk imposea, and
finally, that all exposures be as low as practicable.

Moreover, to quote the Federal Radiation Council
directly, they say there can be no single permissible or
acceptable level of exposure without regard to the reason
for permitting the exposure. [ think our office has backed
away from the idea that there is some kind of magic number
applicable to all situations involving radiation exposure.
And | believe this is reflected in the standards we’ve set,

The Office of Radiation Programs has authored

several radiation protection standards and guides. None of
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these have identical risk estimates, although in some cases
the estimated risks are not too different.

However, the basis for selecting the limits varied
quite strongly from one case to another. Now, one reason
for this is the legislative mandate for various types of
environmental regulations differ greatly depending upon what
is said in the enabling legislation. For example, the Safe
Drinking Water Act of 1974 specifies that the national
interim drinking water regulation shall protect health to
the extent feasible using technology and techniques that are
generally available, taking cost into consideration.

In contrast, under the Atomic Energy Act, the
administrator has the authority to establish such standards
as he may deem necessary or desirable to protect health or
minimize danger to life or property. There is no reference
to cost.

I would like to outline how the agencies establish
radiation standards under each of these differing
authorities. First, I would like to talk about the Safe
Drinking Water Act. Proposing limits for radioactive
contaminants of drinking water, the agency was faced with
two quite different situations. Man-made radioact.vity
usually enters the environment from controllable sources

already subject to a high degree of governmental

regulation. On the other hand, radiocactivity is ubiquitous

15735
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in ground water throughout the United States. Selecting the
limits for man-made radioactivity correspond to a four
milligram per year dose with an estimated risk of .4 to two
deaths per year for each million persons exposed. That is,
of course, exposed at that maximum limit, and we would
expect most pecple not to be at the maximum limic.

This limit was not selected on the basis of a de
minimus risk, but rather, to quote the Federal Register
notice on these regulations, it was chosen on the basis of
current levels of radioactivity in community water systems
and to avoid undesirable future contamination of public
water supplies. The limit for radium was set a at a
concentration corresponding to an intake of 10 picacuries
per day. Estimated risk at this level of radioactivity is
.7 to three deaths per year for each million persons
exposed.

Seleétion of this limit was based on the cost of
obtaining lower concentrations and agency’s uncertainty on
the number of community water systems that would be
impacted. It was not selected on the basis that this was an
acceptable or de minimus risk.

Indeed, the risk of the drinkingc water maximum
contaminant limits are probably higher than allowed for any
other drinking water contaminants.

Turning to the uranium fuel cycle standard, which
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was established under the Atomic Energy Act, a somewhat
different approach was used. The agency examined the cost
of risk prevention for different parts of the uranium fuel
cycle and strove for some comparability in terms of cost per
cancer death averted.

Mr. Richardson was very instrumental in develc2ing
the uranium fuel cycle standard and will talk a little bit
more about the agetail of how we developed our uranium fuel
cycle limits,

MR. RICHARDSONt I would like to apologize for not
having any prepared statement for you. The rationale that
was used for the uranium fuel cycle standards =-- [ think
it’s well known to mcst of the people here, and it is
documented to the extent that we were able to write it down
in the environmental impact statement that went along with
that standard when it was promulgated a couple of years
ago. And | am sure there are copies of that available.
We’re about out, so I didn’t bring 20 for everybody.

As Dr. Ellett pointed out, the standards for the
uranium fuel cycle had a heavy base in cost as well as risk,
because we are permitted to do that by the Atomic Energy
Act, which doesn’t really place any restrictions on the
methodology that you use for setting standards.

We looked at, [ think for the first time, the

question of long-term risks to large numbers of people
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spread over large distances.

That is to say we calculated the collective dose
commitments to the world’s population in the case of
isotopes like crypton, and those standards reflect the risks
associated with those assessments as well as the risk
associated with doses to people close to facilities. And
that is probably the most significant difference between
previous standaras and those standards for the uranium fuel
cycle.

The question of deciding at what point you had
spent enough money to avoid risks was a central issue in the
standards, and it wasn’t handled very cleanly because you
can’t handle that kind of question very cleanly. What we
dia was rank all of the major control methods by cost and by
the amecunt of risk that was avoided through their use. A
cost effectiveness ranking =—— and we found that it was
convenient to divide all of those options, €3ach of which had
its own dose level attached to it, into three broad
categories.

Quite arbitrarily, those that fell above a half
million dollars or so per life of lethal cancer, those
that fell less than $100,000 for each of those types of
events, and then of cocurse, @ third class, which were those
that fell in between. That ranking implies an evaluation of

life that falls somewhere between $100,000 and a half
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million dollars or so.

We purposely left it very vague. When we looked
at the options that were available to us for setting
standards based on that kind of a ranking, we discovered
that there were very, very few levels of control that fell
in the third or middle category and it became rather easy to
say, Yes, you should do all those things that cost more than
half a million dollars per life == or you shouldn’t do those
things, excuse me =— and that you obviocusly should do those
things that were down $100,000 or less, because those value
judgments were, it appeared to us, generally acceptable
areas where there wasn’t much dispute about whether you
should spend money at those levels.

There are always people who say you should spend
infinite amounts of money, but they weren’t very reliable.
And there were very few people who said you shouldn’t spend
money when the cost of life is less than $100,000. We
published our proposals and if you read them carefully
enough =-- we didn’t make it terribly explicit, but if you
read it carefully, it is all in here. And out of the very
many comments that we received, not a single person, not one
person questioned this implied judgment that life — the

cutoff between when you should spend money to save lives and
when you shouldn’t -- fell somewhere between $100,000 and

half a million dollars.
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DR. WILSONs Do you have that case where it is
published?

MR. RICHARUSONS Yes, it’s here. All of the
comments are in Volume 2, and the discussion of the cost
considerations is in Chapters 4 and 5 of Volume I.

Well, that gave us some confidence that we were on
the right track, and we went ahead and [ think that is
really all that [ have to say about the question of criteria

for establishing standaras.

We used a number which was directly related to
health effects, not to man rems or some other surrogate. We
used a range of values rather than a single number, and
nobody ob jected. [ guess we are both open for questions.

DR. OKRENT: [ will try one. Let me invent a
hypothetizal situation that, from the fuel cycle
examination, you found the same kind of dispersion among
fixes == in other words, that there wers some cases where it
cost $100,000 or less to defer premature death, or it was
over half a million dollars, but you estimated that the risk
to the individual that resulted when you used the cost of
life way of deciding what to implement -- where that risk
was |10 to the minus three per year to the individual, what
would you have done?

Would you have said it’s okay, what we need to do

is meet this value of life criterion? If that wasn’t okay,
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if it wasn’t == would 10 to the minus four have been okay,
would 10 to the minus five?

MR. ELLETTs It hapoened in the uranium fuel cycle
standara, but this is a hypothetical question.

MR. RICHARLUSON® It happens all the time. And I
left out an important part of the discussion of those
standards. You have to have two things to worry about when
you establish standards, at least two things to protect
people, and one of them is what is tne collective impact and
what is the maximum individual impact. And they are quite
different and independent things.

There you are faced with -- well, it is another
kind of a degree of arbitrariness. The range of evaluation
for human life is certainly arbitrary, but you can go to
society and say, Well, is it acceptable, what you’ve done?
[ guess the same thing is true of individual risk. In the
case of the uranium fuel cycle, it was a fairly arbitrary
decision.

We had situations at milling operations where some
of the individual risks were fairly high, but the cost
effectiveness of eliminating them did not fall in the range

[ just discussed. The situation for iodine emissions at

reactors sometimes falls into the same category. And there,
we got quite arbitrary. We looked at the level of risk that

had been attained in the industry in most of the components
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of the fuel cycle and we looked at the levels of risk that
were attainable using cost effective methcds, and they all
fell at levels of dose which were below 25 millirems, and so
we arbitrarily said, Well, for the sake of egquity we will
impose this kind of a limit.

Quite frankly, back in those days when we aid
this, we aid not look to see what the lifetime risk was to
an individual explicitly. It turns out now to be fairly
high compared to some other levels of acceptability used in
the agency for other standard-setting activities. 25
millirems per year is == [’ve forgotten the number =— it’s
on the order of 10 to the minus three or four per lifetime
o!f doses, certainly worse than 10 to the minus five or six,
which is what the agency strives for.

And we have tc depend upon arguments that say,
Well, that 25 millirems is really not the limit at which
reactors and other facilities operate. It is the standard
under which the regulations for ALARA sit == as the
framework in average exposures, for even common exposures to
individuals are generally even much smaller than that.

I think if we were setting the standard today we
would not be able to set a standard that was expected to be
approached of ten at that type of level. But to answer your
question, how do you arrive at the acceptability of a number

10 to the minus four or five, six or seven, I have no
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wisdom,

MR. LAVE®t You made a statement that the agency
strives for 10 to the minus five or 10 to the minus six per
lifetime. Would you clarify that?

MR. RICHARLSONs Yes, the agency has recently
published the cancer policy proposal.

DR. OKRENTs [f I take that 10 to the minus five
or 10 to the minus six per year in drinking water, for
example, is that for everything in the drinking water, or is
it for each item?

MR. ELLETTs Actually, it would be separate for
man-made radioactivity and radium. That was just for
administrative simplicity, we felt that anybody who was
heavily impacted with man-made, for obvious reasons, surface
water, so they would be subject to radium and vice versa,

It isn’t for each isotopes it is for all isotopes, sum.

DR. OKRENTs I thought that there was a goal that
the agency had which was being applied more broadly than for
radioactivity.

MR. ELLETTs That goal was articulated much later
than the drinking water regulations. The drinking water
regulation was the first regulation for radioactivity. All
other maximum contaminant levels for drinking water were set
on the basis of threshold that was obviously inapplicable to

radioactivity. I think at the time they were established,
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the agency considered the risk limits rather hignh for

radiocactivity, but given the amount of radium contamination
and fallout contamination. there wasn’t much that anybody
could co about it,

DR. OKRENTs No, but | am just trying to
understand the answer to the question raised by Dr. Lave,
which I thought said that there was a goal by EPA recently
announced, that the lifetime risks from something =— [ want
to finc out what the "something" is, should be. I don”’t
know what you said. 10 to the minus five or 10 to the minus
six.

MR, ELLETTs [ think the EPA speakers that will
come after me will be better qualified to speak on that than
myself. [ can only tell you what we have done in the Office
of Radia;ion Programs.

The standards that | discuss with you were set
before that policy was ever articulated by the agency. It
doesn’t become a retroactive truth.

DR. OKRENT: Somebody among the EPA speakers will
be able to define the policy, and to what it applies? Is
Ur. rage saying yes?

DR. PAGEs Dr. Anderson is here, toc.

DR. ANDERSONt: What was the question?

MR. ELLETTs 1[I think it is a safe assumption.
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DR. OKRENTs Okay, I gather that it will
automatically evolve.

DR. ELLETTs We will be here for further
discussion,

DR. OKRENTs Are there other questions now for
Drs. Ellett or Richardson?

(No response.)

DR. OKRENT: Thank you. [ gquess it will be useful
to hear the succeeding speakers. [ gather that Dr. Anderson
is here, and she is also with the Environmental Protection
Agency, and if [ recall correctly, very interested in
various aspects of toxic substances and so forth.

DR. ANDERSONs Are you ready for me?

DR. OKRENTs Yes, please.

(Pause,)

DR. ANDERSONs [ apologize for walking in just at
the last minute, so [ don’t know what [“ve missed. But I
looked at the part outlined on the program for me and I
represent the part of the PA that works in carcinogen risk
assessment. And recently, we are enlarging the office to
include the possibility of doing in informal ways risk
assessments for other health effects.

Can you hear me, or should I put this on?
DR. OKRENTs | guess that it is preferred if you

can.
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UR. ANDERSONS 1 notice specifically you said I

would discuss case nistories in the use of risk assessment
and risk criteria in this office which is being formed
around the carcinogen assessment group.

And | would make suggestions in appropriate goals and
risk criteria that might be used for nuclear power reactors.

The first order of business is something [ feel
comfortable with., The second order of business, I certainly
will have to leave to this committee and to the Nuclear
Regulatory Commission.

I think that some of our experiences might perhaps be
helpful in forming the basis for further thinking on your
part.

The risk assessment activities in EPA have largely been
involved with carcinogens and radiation, at least in formal
ways of doing risk assessment, and having formally laid out
risk assessment documents, become a part of the regulatory
process.

So it is this area that I will discuss and I hope as a
policy matter can provide some basis for your particular
problems.

In 1976, the EPA did announce a policy for assessing
risks associated with carcinogens and you can probably
recall that the EPA was the first agency to do this. There

are four major regulatory agencies involved in carcinogen
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regulation, including 0SHA, Consumer Products Safety
Commission, and the Food and Drug Administration.

But [ think it is important to put risk assessment in an
appropriate social context when we think about the use of
risk assessment because it is within this context that we
have found that risk assessment serves a particularly useful
purpose in some case and in other cases, has really been
able to provide very little for the regulatory
decision-maker.

So I would like to talk about three areas that have
certainly affected recent risk assessment within EPA. The
first is what [ call social policy, which clearly is laid
out by the Congress.

And I’m not going to get into details of regulatory
authorities, but only to suggest the differences in measure
where risk assessment may be plugged into regulating
carcinogens.

The second is the approach that EPA has taken in a
scientific way to lay out these risk assessments so that we
have some uniform procedure agency-wide for assessing risk
and presenting the information.

And finally, I’m going to give you on this overhead
pro jector some examples of cases where the agency has used
risk assessment as a part of the process and has actually

taken an action which has either reached the final stages of
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regulation or is formally proposed.

In this area of social policy, suppose Congress decides
right off the bat wnhat is going to be regulated, how it
shall te regulated, and who the regulator shall be?

Now there obviously are things that are not regulated, so
risk assessment in those areas becomes an academic exercise,
at least as far as regulators are concerned. Within the
establishment that | spoke of, the (ccupational Safety and
Heal th Administration has an act which requires that it
protect worker health to take feasibility into account.

So feasibility becomes the primary focal point for
setting worker standards.

In the Food and Drug Administration, the Delaney clause,
of course, is the clause that comes to mind. That is the
only clause in the Federal Government that is an absolute
ban clause. And clearly, the degree of risk assessment that
is appropriate here or useful here is very much less than a
risk benefit balancing situation, although there are other
provisions of the Food and Drug Act which certainly do use
risk benefit balancing approach such as in the drug
provisions.

Also, in food contamination risk assessment has begun *o
play a role because of the importance of setting tolerance
levels and looking at risks associated with inadvertent

contaminants.
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Within EPA, we have almost the full range of legal
requirements which permit us to use risk assessment in a
widely varying number of instances and in many different
ways.

And it also leads the scientist in the agency, and that
certainly involves my group, to do risk assessments in more
or less depth, depending upon what the practical framework
is.

So EPA has seven major regulatory authorities under which
we regulate carcinogens. And I’m using carcinogens, of
course, as example because this is the one area where the
agency has clearly stated a policy for using risk
assessments and {s doing risk assessments in a very
consistent fashion.

These seven areas are covered under the Clean Air Act,
the Water Act, the Drinking Water, Pesticides, Toxic
Substances, Solid Waste and Radiation.

And you’ve already heard about radiation, so [ don’t have
to talk about that. Nowhere in our provisions do we have an
absolute ban clause, but we do have a number of different
requirements in the FWPCA, or the Federal Water Pollution
Control Act.

We have provisions or sections of the Act which are
technology-based alone. Therefore, risk assessment can play

very little role in actually regulating under that provision
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where we have a provision which requires that national water
quality standards based on health alone, risk assessment is
almost the only compelling force in setting that standard.

And [71]l show you some examples of that.

Under the Clean Air Act, we do have a provision which
appears to be primarily health-based. So, again, risk
assessment becomes a very important tool.

And pesticides and toxic substances require overt risk
benefit balancing., And clearly, here is an opportunity for
the full use of whatever risk assessment can provide in a
risk bernafit balancing approach.

So EPA now has this broad social authority or legal
authority to regulate substances which are being sub jected
to risk assessment,

So the gquestion then is how are we conducting these risk
assessments so that we are able to present some coherent
picture to the people making decisions under these various
acts.,

EPA has adopted a process for doing this and insofar as
possible, the agency has decided that regulation will take
place in a two-step process to the exten<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>