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Foreword

The increasing use of radioactive materials and the increasing public concern about possible
accidents involving these materials has led to greater emphasis on preparing for such emergencies.
The ANS Topical Meeting on Radiological Accidents—Perspectives and Emergency Planning gave
us an opportunity to review our experience with radiological accidents to determine what informa-
tion from this experience could be applied to improve our preparedness for future accidents.

The meeting covered some of the most important aspects of radiological accidents. We started
by inviting several speakers to present papers dealing with radiological accident experience and then
solicited other papers on related areas.

Technical response to accidents is of primary interest to many in the nuclear community; most
of the papers submitted fell into this area. So many of these papers dealt with the use of computers
in response that a session on that topic was arranged.

A very significant impact of most radiological accidents is the cost, especially the cost of
cleanup. There were papers on what is known about costs and associated current topics, such as
modification and extension of the Price-Anderson Act.

At least as important as the technical response to accidents is how society attempts to deal
with them. A session on institutional issues was included to discuss how governments and other
organizations respond to and deal with accidents.

Medical effects of accidents are of great concern to the public. Invited papers to review the
effects of high doses of radiation as well as very low doses were included in that session.

Although the nuclear industry has an excellent safety record, this fact often does not agree
with the public perception of the industry. The final session explored the public response to and per-
ception of radiological emergencies and accidents. This subject will ultimately determine the future
use of radioactive materials in this country.

I think you will find that this volume contains an interesting set of papers. The Technical Pro-
gram Committee did an excellent job of reviewing and selecting the contributions that appear here.
Although the Chernobyl accident occurred long after the planning for this meeting was under way,
a few papers on Chernobyl were added and many of the other authors managed to incorporate this
recent experience. If nothing else, this accident confirmed the timeliness and appropriateness of our
topic.

I hope that this review will help us improve our emergency planning, so that we will be even
better prepared to deal with any future accidents.

L. Joe Deal

General Chairman
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Introductory Remarks

Joseph Hendrie

It is a pleasure to welcome you to the ANS Topical Meeting on Radiological
Accidents—Perspectives and Emergency Planning. It is an auspicious time for such a meeting.
Much credit is due to the sponsors and the participating organizations. The sponsors are the
Environmental Sciences Division and the Washington Section of the American Nuclear Society, the
U.S. Department of Energy, and the U.S. Nuclear Regulatory Commission. The participating
organizations are the Federal Emergency Management Agency, the U.S. Environmental Protection
Agency, the Health Physics Society, the Conference of Radiation Control Program Directors, the
National Emergency Management Association, and the U.S. Department of Transportation. I will
speak for all of them in welcoming you here.

When they began the planning for this meeting, the sponsors could hardly have anticipated the
greatly increased interest in emergency planning that grew out of the Chernobyl accident. We are
very fortunate that the timing was such that we can hear at this meeting the early results from the
Vienna meeting at which the Soviets explained Chernobyl. In administering organizations, you get
blamed for a lot of things for which you are not responsible, but which happened at a time when
you were in charge. That suggests that you ought to get credit for events which occur during your
administration for which you had no responsibility at all; therefore, the sponsors of this meeting
ought to take full credit for the timing.

Our purpose here is to review what we have learned from past accidents that involve nuclear
materials and facilities and to use this knowledge to foster more effective emergency planning for
the future. We are going to have sessions on past accidents, medical and health consequences of
accidents, lessons learned in the past, current thoughts on radiation dose response, and mtdical
emergency preparedness. Economic considerations in nuclear accidents will be discussed in one ses-
sion, and we will have sessions on technical problems in emergency planning, institutional problems
in emergency planning and emergency response, and, finally, the role of the public in nuclear acci-
dent emergency planning and the importance of public perceptions.

Nuclear technology is one of the few technologies in which an appreciation of the possible
hazards was present at the beginning and became a serious and ongoing part of the planning and
development work. In most technologies, accidents begin happening after the equipment and process
have been invented, developed, and placed into service; over time a set of mitigation measures and
response measures evolves and becomes embedded in society's practice. In nuclear technology, we
started out with an early appreciation of the hazards.

As time went on during the development of nuclear technology, there were criticality accidents,
ovcrcxposurcs, and the like. The consequences of these were largely limited to on-site and local



areas. Windscalc, in the 1950s, was probably the first significant accident that had off-site conse-
quences and affected the public. Other accidents followed; again, the consequences were mostly lim-
ited to on-site effects.

The seminal event in this country for reactor accidents and the response to them was, of
course, Three Mile Island. My own experience at Three Mile Island strongly emphasizes the impor-
tance of emergency planning, especially the importance of aspects of emergency planning that previ-
ously had not been given a great deal of attention. The most notable of these aspects was the unex-
pectedly massive public and media response to the accident, which created a tidal wave of interest
and concern that washed across all of us who were trying to understand and deal with the accident,
making all of our work much more difficult. Here in this country we have now a very good
appreciation of those effects. The emergency planning which has been done since Three Mile Island
has, in my view, been an enormous step forward in preparing us should something like that ever
happen again and has included measures to deal with that great public-interest and concern.

In the aftermath of the Chernobyl accident, there is now more than ever a great interest and
concern about radiological accidents and about what should be done in the event of another such
accident. I am sure that this meeting will provide us with a chance to examine the past accident
record, including the recent events, to find where there might be weak points in our emergency
planning structure and to look for places where measures now in use could be improved, made more
effective, or made more efficient.
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ANS Topical Meeting on Radiological Accidentf—
Perspectives and Emergency Planning

The Federal Perspective
Samuel W. Speck0

I appreciate the opportunity to speak on the
nuclear power option in the post-Chernobyl era.
I speak as one who until about one week ago had
responsibility for commercial nuclear power plant
offsite emergency planning at the Federal
Emergency Management Agency (FEMA) for some three
years. I also speak as a member of the delega-
tion that went to Vienna to meet with the
Russians and the other delegations from around
the world to discuss what happened at Chernobyl.

Major disasters, whether they be Chernobyl,
Bhopal, or the Mexico City earthquake, have a way
of significantly impacting the emergency planning
that comes after them. When we look back on the
Chernobyl incident, I suspect we are going to
find it responsible for a number of impacts on
the peaceful uses of nuclear energy.

First, the Chernobyl accident made it clear
that we will potentially be affected by the use
of nuclear power elsewhere in the world, whether
or not we continue to make use of the nuclear
option in the United States. Russia made it very
clear at th» Chernobyl conference that she is
putting her energy eggs in a nuclear basket. Any
increase in electric generating capacity in the
Soviet Union during the rest of this century will
come from nuclear generating facilities, at least
on the European side of the Urals, not from
fossil fuel facilities or hydroelectric facili-
ties. There are several reasons for this. One
reason is that Russia wants to export her oil and
gas to her Eastern European allies and also to
Western Europe in exchange for hard currency.
So, nuclear power is part of the plan for the
overall economic development of the Soviet Union.
Elsewhere, by the end of this century, France
intends to obtain approximately 75% of her power
from the nuclear option, and Japan is moving down
the same road.

Another thing that is going to come out of
Chernobyl is the internationalization of the
management of nuclear power, not the control, but
certainly the cooperative internationalization of
the management. We plan to participate in a
convention on the obligations of all nations for
notifying each other when there is a nuclear
incident which could have transboundary impacts,
I suspect that in the future there will be

aFormerly Associate Director for State and Local
Programs, Federal Emergency Management Agency,
Washington, D.C., 20472.

pressure to develop international referent levels
for taking various actions. Given the kind of
openness that we saw on many scientific issues at
the conference, I anticipate continued progress
in the internationalization of the professional
nuclear energy community.

The Chernobyl incident caused Russia to open
up to some degree. We have not seen that kind of
openness in the past, and it is not clear that it
is going to continue. Russia may remain closed
in many areas, but once there is openness in one
particular area, it is much more difficult (and
it looks suspicious) to keep other areas closed.
I think we saw a little of this when the Russian
cruise ship sank recently; Russia was much more,
open than she had previously been in similar >
events.

There are a number of other issues raised by
the Chernobyl incident. One that is certainly
going to have an impact here is the issue of the
complexity, the difficulty, and the cost of
response and recovery in these incidents. For
example, by meteorological manipulation, the
Soviets were able to keep rain away from the
Chernobyl plant for about one month after the
incident. That action protected the surrounding
area from the kind of run-off that it might have
had otherwise. On the other hand, the lack of
rain created more dust problems. Because of the
movement of the dust particles in the air when
areas were decontaminated, there was a tendency
for recontamination. Something that lessened the
contamination in one way exacerbated the contami-
nation problem in another. In forests, it takes
three to four years for all the radioactive
particles to settle to the ground, and thus there
are acute problems from fires in such areas.
Here the Russians decided that perhaps the best
response would be to increase their forest-fire
fighting potential. Otherwise, a significant
forest fire might well produce a new mini-
Chernobyl.

There is a great d.eal that we found out, but
also an enormous amounpthat we did not find out,
in regard to the health impacts of the Chernobyl
accident. Milt Levinson relevantly noted that
because of the enormous follow-up the Russians
are doing with the people who had significant
radiation exposure, the health impacts may not be
as great as expected. Left unchecked, there
might be a modest increase in the rate of deaths
from cancer in this population. If you have



sufficient follow-up, you might ultimately find
little or no increase or even a decrease in the
overall cancer deaths. The predictions :.hat we
have been seeing have focused on the increase in
the number of deaths, not the increase in the
number of cancers. If these people are checked
on an annual basis and cancers from all causes,
not just radiation-related cancers, are detected
soon enough, then overall cancer-related deaths
may turn out to be lower than projected because
of this unique medical intervention.

Nevertheless, this event and the offsite
elements of it mean that, even if nuclear power
is going to be with us globally, its future is
perhaps less certain in the United States. Polls
taken fairly soon after the accident indicated
that more than three out of four Ame'icans
opposed building additional nuclear power plants,
and more than half favored phasing down or
closing those plants that are already in opera-
tion.

In this kind of environment, the United
States, perhaps more than any other country, is
subject to what I would call a "hostage problem."
Various elements in our society are able to keep
a plant from opening or to close a plant that is
open by withholding the requisite support for the
opening or for the continued operation of the
plant.

Nuclear power was in trouble in the United
States long before Chernobyl. It was in trouble,
in part, because we developed our nuclear power
capability very rapidly. In the process, we did
not use the care in some areas in building the
plants as well as they should have been built or
in managing them as well as they should have been
managed. I emphasize in some areas.

Although the release at Three Mile Island
has been estimated to be about one-millionth of
the release at Chernobyl, the Three Mile Island
accident, nevertheless, had a very significant
impact in terms of increased fears, in terms of
increased costs due to the substantial retrofit-
ting that had to be done, and in terms of the new
offsite planning requirements which were mandate?
by Congress.

Those changes led to delays. Those delays
led to increased costs. As people began to loo!;
at those increased costs, they began to see that,
if you had economic concerns about the cost of
nuclear power, it was probably easier to use the
safety regulatory process to stop it than it was
to use the economic regulatory process. In
recent years, we've seen many instances, at the
state and local level, of people turning to the
safety regulatory structures to try and stop
nuclear power for what are essentially economic
reasons and, in the process, perverting the
safety regulatory process that has been developed
in the United States.

This development was possible partly because
it came at an unusual time. There had been an
oil crisis and threats'of severe oil shortages.
We miscalculated. We did not appreciate the
effect the crisis would have on the traditional
linkage between the growth in the gross national
product and the growth in use of electrical
energy. We did not anticipate the impact of the
recession that ensued, and we began to conserve
electrical energy in ways we had not conserved in

the past. Then we had the decline in oil prices,
a glut in oil, and a period in which we had a
very modest excess capacity. Thus, the pressure
was off. You could play with nuclear power. You
could slow down nuclear power without people
being worried about brownouts.

In this context, then, I would like to focus
on the future of nuclear power from a political
perspective, from the perspective of the hostage
threat to nuclear power in the United States. I
would argue that in the United States we have
what is particularly, if not peculiarly, an
American problem. After Three Mile Island,
Congress and the administration developed a
system for requiring offsite planning as a
condition of licensing a nuclear power plant.
FEMA, just being established at that time, was
given the responsibility of advising the Nuclear
Regulatory Commission (NRC) by making findings of
reasonable assurance that the public health and
safety could be protected in the event of an
accident. This was to be done Dy providing
guidance, evaluating plans, doing limited
training, and evaluating exercises, and then
providing findings of reasonable assurance, or
the lack thereof, to the NRC. In 1982 another
aspect was added. The NRC might also, in the
absence of state and local plans, look at utility
plans. What it might do with those utility plans
is not quite so clear.

When I refer to the hostage problem, I refer
particularly to the possibility of a state or a
local government refusing to participate in the
offsite planning requisite for licensing and,
thereby, keeping the plant from operating or
closing an operating plant, hence holding a plant
hostage. We sae a number of hostage problems,
and they vary considerably in their nature.
There are not too many plants that have not
experienced a little of this, when local govern-
ments, more than state governments, delay their
required participation to see what they can get
to enhance their overall emergency management
capability. Sometimes their demands include
bridges, new fire trucks, and all sorts of
things. It is perhaps a little bit of a shake-
down, but in most cases it is not carried too
far. Then there are situations where the process
is simply being slowed until after the next
election, because of concern for what the voters
might say or how an opponent might use the state
or local government's participation in offsite
planning. Finally, there is the kind of situa-
tion that we have had at Shoreham, and that we
may have in Massachusetts in respect to Seabrook.
where a government entity wants to stop the plant
from ever opening for economic, safety, or
political reasons, or a combination of these.

It is easy to overemphasize this problem.
We have been incredibly successful, given the
tremendous dispersion of power in this country,
in bringing some 66 plants and a considerably
larger number of units online. We have had
successful exercises at least twice at all the
operating commercial reactors, and we nave
completed the CFR 350 requirement for some two-
thirds of the plants. We have developed and
exercised a Federal Radiological Emergency
Response Plan in the last couple of years, a plan
that we did not really have until 1984. So we



have had considerable success. I think it is
easy to overemphasize the problems, the Shorehams
of this world, in that context.

What I have defined as a hostage problem up
to this point is essentially the refusal of state
and local governments to participate in the
offsite planning process and thereby to stop a
plant from coming online or to cause it to be
closed down. The other possibility is one that
we have not seen, that the state and local
government will simply do a lousy job of offsite
planning and exercising in a deliberate effort to
show how bad they are, so that FEMA and the NRC
cannot make a finding of reasonable assurance
under the conditions of such total ineptitude by
the state and local governments. When they
discover that this approach would probably be a
much cheaper way of stopping nuclear power plants
than the eight million dollars in legal fees one
rounty has apparently paid, I suspect that we
will probably see some try this method. Indeed,
some have already indicated to me that they are
looking in that direction.

The hostage problem is a particularly, if
not peculiarly, American problem for several
reasons. In Europe you avoid this problem
because the national governments do one of two
things. They either mandate that the subnational
units (whatever they happen to be) participate in
emergency planning, or they simply tell them they
are going to assume that the subunit is going to
do emergency planning and let it go at that. We,
in contrast, require state and local governments
to participate tf the NRC is gqing to be able to
license, but .there is no way that we can mandate
that they participate. f

There are some other things that make the
situation in Europe easier. Europe has far fewer
local government units, and their emergency
planning zones are usually considerably smaller.
Even if there were the same number of local
governmentrunits, fewer of them would be included
in the emergency planning zone.

For all these reasons, the situation is
rather different in Europe than in the United
States, but things are not all rosy there either.
You may have a change in the national government
and get an anti-nuclear; government, such as the
British Labor Party and1 the German Social
Democratic Partly, wliich both have indicated they
very well might be.

In the 'United States, we chose to deal with
the problem of regulating the nuclear power
industry by an enormous dispersion of power. We
disperse power by requiring state and local
governments to participate if plants are to be
licensed and are to continue to operate. We
further disperse power by requiring that every
two years a plant must go through what amounts to
a relicensing process, because it must exercise
its plans and prove that they are still effec-
tive. We disperse power at the administrative
level. We disperse power within the NRC; I am
not going into that except to say that it has
made for a somewhat complex, sometimes difficult
to understand, and not always terribly well-
coordinated process. And, of course, there are
nine other agencies involved in emergency
planning through the Radiological Assistance
Committee process.

Then there is a dispersion of power within
Congress. That has created a particularly
difficult situation because, in the last couple
of years, it has been almost impossible to know
where Congress stands or whether the United
States even has a nuclear energy policy. FEMA
found itself, on one hand, with a joint statement
from our appropriations subcommittees in the
House and Senate, telling the agency what it
expected.

"In particular, the Committee is
concerned about situations where State
and local government arbitrarily
refused to develop radiological
emergency preparedness plans or to
participate in the exercise or imple-
mentation of such plans. The Committee
does not believe that State and local
government entities should be permitted
to veto the operation of commercial
nuclear facilities simply by refusing
to participate in the preparation,
exercise, and implementation of such
plans. In that regard it is the
Committee's intention, in its review of
such plans, FEMA should presume that
Federal, State and local governments
will abide by their legal duties to
protect public health and safety in an
actual emergency. However, whera State
and local participation in the exercise
or implementation of offsite plans is
inadequate, the Committee intends for
FEMA as a last resort to coordinate the
supplemental assistance to Federal
agencies that are expected to provide
requisite resources within their
authorities."

Of course if you go to court as many times as
FEMA has and other agencies have, it is in part
because there is some question of exactly what
your authorities are.

On the other hand, there is the Authoriza-
tion Committee, chaired by another member of the
House from the same party as the one who co-
signed the statement I just read to you, indeed
from the same state. This chairman has used the
hearing process and other means (which I think
any person who can tie his shoes and wave "bye-
bye" would assume were meant to intimidate) to
try to prevent the policy proposed by the
Appropriations Committee from being carried out.
The Congress simply cannot get its act together
because power is so dispersed, not between the
chambers, not even between the parties, but
within the parties, often between members from
the same state.

What are our options, within this context?
We can follow the option of compensatory actions,
using the state to take compensatory action for
locals that will not participate. That is what
the State of New York did for Rockland County at
Indian Point. That is what New Hampshire has
been doing for some of the communities in respect
to Seabrook, and that continues to be a viable
option. There is some indication that we are
seeing locals compensate for state inaction in



some other places, perhaps to some degree in Ohio
and on some occasions in California.

Now we are getting utility plans. These
were first suggested by the House in an 1982-83
NRC authorization bill as something that the NRC
might look at, but there is great conflict in
Congress over just what this means. Until
recently the issue has been hung up on "reason-
able assurance," whether FEMA or the NRC could
find a reasonable assurance that public health
and safety would be protected by the use of the
utility plan when the state and locals say they
will not participate. There are the problems of
whether the utility can carry out its plan if it
does not have police powers and whether state and
local governments, even if they do participate,
can be said to give reasonable assurance if they
have not exercised and have not demonstrated any
familiarity with the plan.

Recently, the NRC instructed the Atomic
Safety and Licensing Board (ASLB) to review the
utility plan associated with Long Island Lighting
Company and Suffolk County. The legality of this
plan is being challenged in the courts. It gave
the ASLB two assumptions to follow. One was that
the state and local governments would respond in
the event of an incident to protect their people,
and the second was that they would use the
utility plan as the best plan available to them
at that time for that response. What will result
from that review remains to be seen, but it
involves a considerable leap of faith and may
take us a considerable leap further in dealing
with the hostage problem. It certainly takes us
closer to the European approach, but the outcome
is unclear. How it would work if state and local
governments just decide to uo a poor job, instead
of completely refraining from participating in
emergency planning, is aiso unclear.

In conclusion, then what are our options?
One, I suppose, is to continue to muddle along,
satisfied by the fact that most plants have been
brought into service and have continued to be in
service. A second approach is much greater
federal involvement. We have seen a number of
options proposed here ranging from the develop-
ment of some kind of federal brigade or SWAT team
which would be ready to go in and provide
direction and control, using state and local
resources, or perhaps going beyond that and using
civil defense authorities. For example, several
congressman have suggested developing a federal
team that would go in, perhaps in conjunction
with nationalization of the national guard, and
literally take over. All of these things have a
time factor. We know that under the Federal
Radiological Emergency Response Plan, valuable as
it is, it takes six to eight hours before you can
get enough people there to be of much support to
state and local governments. So one of the
problems with this approach is achieving a timely
response with people who really understand the
problem and can marshal the local resources.

The third option is to give the state and
local governments greater responsibility for
emergency preparedness, along the lines of what
is done in Europe. Offsite planning could be
taken out of the critical path for licensing so
that state and local governments could not stop a
nuclear power plant from starting or continuing

to run by refusing to participate. The political
pressure would then no longer be on them to stop
the plant, but instead, political pressure would
be on them to do as good a job as possible of
making certain they were prepared in the event of
an incident at that plant. Part of this scheme
would include making a determination at the time
that the construction permit is issued that an
offsite emergency plan for that area is feasible.

Finally, if you simply take the state and
locals out of the critical path and say it is up
to them to protect their people, what are the
federal government's obligations in that regard?
It seems to me there are a number. First of all,
it would be appropriate to look to the industry
for the funding of the federal, the state, and
local roles in terms of emergency planning. That
is not regarded in all circles as a terribly good
idea, but I think much of the industry would be
supportive of that if it were done in the
appropriate way. Second, continue to improve the
guidance that we are giving state and local
governments. Frankly, FEMA has had so many
responsibilities for trying to put out fires
arising from hostage problems during the last
couple of years, that the agency has not been
able to devote resources to improving the
planning guidance or developing the guidance that
good offsite emergency planning demands where
guidance is not available. The third obligation
is training. While we provide limited training
at the federal level, this is a place where we
could be of increasing assistance to state and
local governments and make them feel more secure
about meeting their obligations. One thing that
we do not do now is provide very much technical
assistance in the development of plans and the
exercising of those plans. We send the state and
locals off on their own and the utility off on
its own, and after they come in with their best
effort, then we critique it. It would make a lot
mope sense to be providing more technical
assistance in the development of the plan and the
exercise process. And finally, in this scenario,
we would expect the federal government to
continue to evaluate the plans, evaluate the
exercises, and publish the results of those
evaluations for the public.

It seems to me that the current ad hoc
system is not working as well as it should.
Congress is placing unreasonable and conflicting
burdens on administrative agencies that are
simply impossible to reconcile. FEMA's resources
have been reduced and diverted to crisis case
management at the cost of systems development.
The threat of the hostage situation is inevitably
going to create an environment where, if any more
nuclear power plants are developed, they will
probably be sited adjacent to existing plants.
This may be done even if these sites are not
particularly good places for additional power
plants, simply because there would not be the
problem of going through a whole new offsite
planning process as would be necessary for a new
location.

After serving as Associate Director of FEMA
with responsibility for offsite emergency
planning for three years and since I have been
out of that position for a week, I am free to
give you an jnvarnished version of the situation.



These are some of the thoughts I have as to where
we are, how we got here, and where we should be
going, in order to preserve the nuclear option.
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My objective is to share some perceptions
about major accident planning and response from
the chemical industry perspective. Let's begin
with a quick test. I would like everyone in che
audience to participate. Last summer, I gave
this same test to over 2000 chemical plant
managers and their assistants. We were able to
tell a few things about them, and I was wondering
whether people in the nuclear business are similar
or different. Let's see whether we can predict
something about yea.

Write down the very first thing that pops
into your mind. I don't want you to think about
thefie answers. (1) Name a color. (2) Name a
flower. (3) Name a piece of furniture. (4)
Name an animal in a zoo. Now indicate, by a show
of hands, how many answered question No. 1 with
"red." About 85 or 90%. How many answered
question No. 2 with "rose"? Again 85 or 90%.
How many answered question No. 3 with "chair"?
About 85%. How many answered question No. 4
with "lion" or "tiger"? The majority.

Most of you, 85 or 90%, answered as I
predicted. You are utterly predictable as a
group, just as were the chemical plant managers
I mentioned. They answered in about the same
proportions with the same answers.

How many of you answered all four as I
predicted? Only a few. How many answered none
as I predicted? Again, maybe a half-dozen. With
85-90% answering as I predicted, only a very few
answered all or none of the questions as expected.
You are still very much individuals! We have to
keep that in mind. As a group, people are
predictable when it comes to emergency response
and planning, yet we are very much individuals in
our lives and in our response to this whole issue.

I want to give you another quick test. Fold
your hands for me and see which thumb is on top.
There is no incorrect answer. Move your hands
apart and quickly bring them back together
with the other thumb on top. Hard to do, isn't
It doesn't feel right. Fold your arms. See
which arm is on top, then move them apart and try
to fold them the other way. It's the same
phenomenon.

We are very much creatures of habit in
everything we do. I would venture to say that
your routine in the morning for the first few

minutes after getting out of bed is a matter of
habit. When you get up, you do the same things
every morning in the same sequence, such as
brushing your teeth, putting on your pants, or
taking a shower. We are creatures of habit, and
we have to take that fact into consideration as
we go forward in emergency response planning.

For the third little test, 1 would like to
ask you to think back for just a moment to your
first formal education, whether it was kinder-
garten or first grade. Can you tell me your
teacher's name? Most of you answered that you
can do that. How long has it been since you
thought of that person? We have tremendous gray
matter potential. In fact, safety programs in
both of our industries are very much oriented to
imparting information into that gray matter for
recall when the time is right. When that time is
right, there may be a signal, some sort of
stimulus, that tells sc.:ieone to put on gloves or
to look r"t for a particular hazard or to be sure
to wear breathing apparatus in that situation.
We want that information recalled at the appro-
priate time. We should never underestimate the
gray matter potential in people. We should
continue to work with all people in an attempt to
maximize the use of their talents and skills and
the potential that has been given to all of us.

I. COMPARING OUR INDUSTRIES WITH PUBLIC
PERCEPTIONS

There are many similarities between you in
the nuclear industry and us in the chemical
industry. Since the accident in Bhopal, we have
had to learn a lot. You have blazed a trail, and
we thank you for that. Our businesses are indeed
alike in that we have the potential to do great
harm if we mismanage them. We are also alike in
our dedication to managing our technology safely,
and since the tragedy in Bhopal, we are also
under the tremendous public and governmental
scrutiny that has developed due to a lack of
confidence and trust in us. This fear of the
unknown is commonly called "chemophobia" in the
petrochemical industry.

The nuclear industry suffers from some of
that same kind of fear. For example, here is a
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recent UPI clip from my hometown newspaper. Let
me read it to you. The date line is Seabrook,
New Hampshire.

"More than a dozen frightened and some
'hysterical' residents reminiscent of
the 1938 broadcast classic 'War of the
Worlds' called the police during a
simulated news broadcast of a meltdown
at the Seabrook Power Plant, police
said Monday. Seabrook Police Chief,
Paul Cronan, said the Sunday night
radio broadcast, a political advertise-
ment for an anti-Seabrook Massachusetts
Democrat, was irresponsible. The
SeabrooK police station received 15-20
calls from Massachusetts and New
Hampshire residents who heard the 8:30
p.m. broadcast and believed a real
nuclear disaster had occurred."

None of us like to see those kinds of reactions.

II. RESPONDING WITH CAER (COMMUNITY AWARENESS
AND EMERGENCY RESPONSE)

We are faced with an international issue of
trust trat can only be solved at the local level.
We have: taken this lesson to heart in our
industry and embarked on raijor industry-wide
initiatives at the local level. These proactive,
positive initiatives are targeted to meet real
community needs in information and in emergency
response and to build public trust through
improved relationships and cooperation. We work
very closely with and through our trade associa-
tion, the Chemical Manufacturers Association, and
allied trade groups. We have been at it for
about a year with renewed vigor, and the prelimi-
nary results look positive.

Our industry has discovered several of your
'esources to help us along the way. We have used
consulting firms who have cut their teeth in the
nuclear industry on emergency response issues,
and they have been able to u«lp us. They
understand the differences between our indus-
tries, and they have helped us develop guidelines
and materials for our local initiatives.

The cornerstone of this effort is our CAER
initiative, Community Awareness and Emergency
Response. This initiative is a ten-step process
of how to go about organizing and implementing a
better community emergency response plan at the
local level. It doesn't say what the end product
should be; it only describes the process. It is
liberally based on FEMA-10, the Federal Emergency
Management Agency's contingency planning and
guidelines document, which is presently being
revised. CAER is focusing on improving local
emergency response in areas where we have
facilities, not just for chemical emergencies,
but for the whole family of emergencies, whether
they be natural, technological, or nuclear. In
fact, we have been successful in piggy-backing on
a few of the nuclear emergency response prepared-
ness systems that already exist.

We have 1500 chemical plants today that are
active in programs of the CAER type. In my
company alone there are 100 U.S. sites, of which
97 are very active in these kinds of programs.

About 35 have conducted community-wide, multi-
disciplinary, multisgency drills within the last
year.

Another major initiative has been the
National Chemical Referral and Information Center
(KCRIC), an enhancement of CHEMTREC. CHEMTREC
has a toll-free number for chemical transporta-
tion emergencies and provides information and a
link to the shipper and/or the manufacturer. The
second activity of NCRIC is the Chemical Referral
Center, which has a toll-free telephone number
for non-emergency information that anyone can use.
The third NCRIC activity is CHEMNET, an indus-
trial mutual-aid pact that dispatches the nearest
qualified hazardous materials response team to
incidents occurring anywhere in the United
States. Where we didn't have facilities and
teams, we have been able to hire contractors to
cover tho.se localities. The last NCRIC activity
is improved first-responder training materials.

Many people in my industry have only
recently become aware of the tremendous resources
of agencies like the Federal Emergency Management
Agency, which has a lot of talented people that
we have been able to use to help us develop
guidelines and procedures and new materials for
our plant managers. For example, they have a
week-long course on how to conduct a community -
wide drill. That course was too long for most of
our plant managers to attend. So, using the
course as a base, a contractor from the nuclear
industry, and people from the chemical industry,
we developed a 24-page guide. We intentionally
made ic short, so a manager could read it in 30
minutes and get an overview of how to organize
and conduct a drill in his community.

III. CITIZEN EXPECTATIONS

One of the things that we are learning is
what citizens expect of local government. In
major emergencies, the area outside the fence is
the responsibility of the local government. If
we are to make improvements there, we have to
make improvements in cooperation with the local
government. Before we can do that, we have to
understand what demands are being placed on the
local government. We concluded that there are
about seven things that citizens expect from
their local government officials.

1. They must provide advance information,
such as alerting signals, response capabilities,
and evacuation plans. You have larger emergency
planning zones to deal with than we have. We
usually think in terms of a mile or less. But,
in alerting the community, you are way ahead of
us. You have learned some lessons the hard way,
and we are learning from you.

One of the things that I tell our plant
managers is that if they get involved in a
community system of alerting that involves
sirens, there are two things to remember: (I) put
in a Cadillac, not a cheap siren system;
and (2) make sure that the button that activates
it is in the hands of the local officials. If
you need better communication with them, put in a
hotl ine to the local officials.

Here is a letter to the editor that appeared
in my local newspaper which demonstrates the
first point well.
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"On August 22 at 11:15 p.m., my family
and I were wakened by several long,
loud blasts, which eventually became a
continuous scream, from the nuclear
warning siren at the Townsend Fire
Company. Since the siren is one of the
systems designed to warn residents
within a 10-mile radius of the Salem/
Hope Creek power facility of malfunc-
tions at the plant, we were thoroughly
and justifiably frightened. After
turning on the radio and getting no
information, we made several phone
calls, all of which reassured us that
the problem was in the warning system
and not the plant."

He goes on to indicate that the siren continued
to blow for about two hours, and he lost a
night's sleep. That is not an unusual occurence
with siren systems around nuclear power-gener-
ating facilities, according to the news clips
that I read. In fact, they had some problems at
the Limerick Station, and a fellow wrote to the
local newspaper in West Chester, Pennsylvania.
He said, "Look, if these guys can't get this
siren system straightened out, what makes them
think we have confidence that they can run a
reactor."

False alarms produced by warning system
malfunctions are a major reason that I have told
our plant managers, "If you are putting in a
siren system, put in a Cadillac. Don't tell me
it can't be done!" There are 25,000 fire
departments in the United States, and 24,000 of
them are volunteer departments that are alerted
through tone-activated siren systems. There are
about 1 million volunteer firefighters; if they
get v.p in the middle of the night through
inadvertent activation of their siren, they do
not tolerate that very long before they make
corrections to the system. There are thousands
of remotely operated sirens that do not trigger
inadvertently very often.

The whole psychology of alerting people and
getting them to react in a positive, planned
fashion can be a problem. In our business, one
of the recommended protective actions may be to
stay indoors, shut the windows, and turn off the
fans--that is your safe haven. The chemical
cloud will pass, the fumes will dissipate, and
the area will be safe. These actions are a safer
alternative to evacuating, getting in the car,
and getting to the intersection at the sams time
as everyone else. As you well know, that can be
a real problem.

Behavioral scientists tell us that people
have a natural reaction to fight or flee when
subjected to danger such as from a clovJ of.
fumes. They can't fight it so their reat.: ion is
to flee. The scientists suggested that if we
devote the same amount of energy and effort to
training people to evacuate more effectively and
efficiently rather than training them to stay
indoors, we might have a safer situation. We had
never thought about that. We are learning, and
we are trying to learn more each day about those
kinds of difficult questions that we face at a
local level.

2. The second thing that citizens expect
local government to do is to assess the magnitude
of the emergency quickly and accurately. If you
have bad information, you will have two or three
unwanted results. For example, let me tell you a
story that I heard at Johns Hopkins. They had
dispatched a team to Bangladesh after a tsunami
went through there several years ago; about
247,000 people were estimated to have been killed
in the Delta area of Bangladesh. However, as the
early word of the tremendous tragedy spread, the
Japanese decided they would respond, and they
sent a complete field hospital with doctors,
nurses, and staff to Bangladesh. The Germans
thought that was a good idea, so they also
dispatched one, and the Americans, not to be
outdone, sent two. So now Bangladesh had four
totally equipped field hospitals. But only the
fittest had survived the tsunami. The very
young, the very old, the very weak, and females
were killed in large numbers. The survivors
tended to be physically fit males who had clung
to a tree or something for 12 to 14 hours. Their
injuries were really abrasions on the inside of
the forearms and on the chest. They needed only
a little iodine. Bangladesh did not need field
hospitals; they were sent due to poor initial
assessment.

On that same emergency, incidentally, out of
one of the relief planes came a container like
the back of a tractor-trailer rig, and In the
container was a whole load of teddy bears from a
toy manufacturer. Teddy bears are not recognized
as a toy in Banjladesh, and the children would
not use them. So then they had to divert
resources from the emergency to repackaging that
tractor-trailer load of teddy bears and shipping
them back out of the country.

Quick and accurate assessment of the
magnitude of the emergency is critical. Getting
the resources that you need and getting them in
place fast is what we arc talking about. That
means having knowledgeable people, good informa-
tion systems, and good communication systems.

3. The third major expectation of citizens
is that we provide emergency mitigation services.
These services include fire, police, emergency
medical, and shelter.

4. The public expects to be kept informed.
We have an important role to play in our indus-
tries . Too often the spokesman during an
emergency is a university, a health department,
or a government official, who may or may not know
a thing about your operation. This is the
"expert" who is quoted on IV. They are great at
speculating in response to questions like "How
bad could it be?" Therefore, our industries have
a role in providing spokespeople who are knowl-
edgeable, truthful, and accurate, to help keep
the public and government officials informed.

5. People expect the local government to
rapidly restore services and utilities, even when
those services are not their direct responsibil-
ity, for example, electrical service.

6. Citizens also expect the local govern-
ment to provide access to recovery services such
as family unification, counseling, insurance
claim preparation, and relief assistance.



14

7. Last, people expect local government Co
provide Information on preventing similar major
impacts in the future.

We have a role to play. If we know what is
expected of local government, we can identify our
vole and begin to interact in a positive fashion.

IV. DRILLS

The best way to test where we are and where
we ought to go is to conduct drills. You in the
nuclear industry are certainly not strangers to
multiagency drills. Nuclear power plant drills
are conducted to demonstrate performance; the
drill must demonstrate performance to get the
checks in the blocks in order to continue the
license. That is a different kind of drill from
the one we want to conduct. We have different
objectives for our drill. Ours asks a different
question, which is "How can we improve the
system?" We are trying to have it achieve those
things that the Federal Emergency Management
Agency has said that drills ought to do. We've
tried to keep our drill scenarios and drill
implementation positive and voluntary. The
people become stakeholders in building a better
system and are better equipped mentally, as well
as physically, to deal with future emergencies.
We build on what already exists, and we make it
work for all types of major emergencies, natural
as well as technological.

V. COMMUNICATING RISK

We've also had to learn a lot about communi-
cation. Perhaps this is the time for another
kind of test. Write a definition of "how fast
is fast?" Difficult question, isn't it? We have
another version of that question in regard to
dumps and environmental concerns. How clean is
elf an when you clean up a dump vsite? How safe is
safe around your facility?

The nuclear industry is in the lead when it
comes to process hazards analysis. In fact, you
are very good at sophisticated techniques such as
fault tree anaylsis. That is great. We learn
from that, but how do you communicate the results
from a fault tree analysis to the general public?
That has been difficult for us, and I presume it
has been difficult for you as well, because you
have had a difficult time convincing people thi.
you are the safe industry that you are.

So we need to work on better ways to
communicate. We need to learn some of the
techniques of the public relations profession.
For example, a sign says "Discount for Cash."
Isn't that a neat concept? But what would happen
if they put up a big sign that said, "Surcharge
for Credit"? That's the same thing as a discount
for cash, isn't it? But the public relations
experts would never put up a sign that said
"Surcharge for Credit." We have to learn to
communicate in positive ways, rather than
negative ways, so we can help our community
become more informed and make better decisions.

VI. OUTREACH AND CRISIS COMMUNICATION "MUSTS"

I would like to share with you ten things,
which I call common outreach and crisis communi-
cation "musts," things that you must do in your
community.

1. Plan. Plan for those events and plan
again. It is a process, not a product. If you
develop a plan, put it in a 3-ring notebook, and
call that the end of the process, you are in
trouble. The plan has to be a living, working
tool. Once I borrowed the emergency response
plans for a nuclear powex* generating station, and
I had to use a suitcase to carry them back to Du
Pont because there were five three-ring volumes,
plus a couple of smaller books. I defy you to go
through those volumes at 3:00 a.m. to determine
what the appropriate procedures are. The local
fire company took those iive volumes and ex-
tracted about 30 pages that were meaningful to
them. Then they had a good working document and
a tool they could use. The planning process
includes how you communicate with others before
and at the time of emergency.

2. Accept Responsibility. Accept the
responsibility for a role in crisis communication
and crisis management. For instance, one of the
things we try very hard to Jo is to get cur plant
manager to talk to the loc^l officials. The plant
manager is the most credible representative of Du
Pont in any community where we have a facility--
not a public relations official from Wilmington,
not a safety official from Wilmington (the
location of our corporate headquarters), not a
technical engineer, and not a consultant. The
plant manager and his staff are the chief liaison
to the community. They have to accept their
responsibility for crisis communication and
management.

3. Take Charge. Take charge of your
facility and establish a communications and
command center. If you allow someone else to do
this and you allow others to take these responsi-
bilities, you lose control of the situation and
you lose your opportunity for input.

4. Never Underestimate the Media. The
media are there and they believe strongly, "There
is a story here and we're going to get it." You
are in the driver's secit; you can provide that
story. You need to learn how to provide it in a
positive, proactive fashion. When I have gone to
accidents, I have helped provide the story, even
when we were not the lead agency or the lead
company involved. We can help. We can do this
in very positive ways that come across well.

For example, holding an onscene press
conference is awful. In most media markets, you
are going to have at least three TV stations,
several newspapers, and a couple of radio
stations represented. And then there is you, if
you are the spokesman. You go out and give them
some details, and suddenly there are 97 million
questions being thrown at you. The press
conference almost degenerates into a riot. One
reason for this, if you think about it and watch
your local news, is that Channel 10 will stick
their microphone right into your face (don't
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forget the camera is over their shoulder) and ask
you a question. Channel 6 is also taping that
answer, but they don't like to show Channel 10's
microphone. The next thing you know Channel 6
is doing the same thing, maybe even asking the
same question. This goes on and on, and it
becomes very difficult to manage.

I can think as fast as any single reporter,
but there are five or eight of them out there,
and I have trouble keeping up. They can get me
in a trap in a hurry. So one of the things we
do,once we've given them all the straight facts
in press conference fashion, is give them
exclusive interviews, one on one. It takes about
the same amount of time to give exclusive
interviews, and it is a lot more civil. That
night, when the clip comes on the 10:00 o'clock
news, it shows as an "exclusive" with the Du Pont
official. They love the word "exclusive."
Incidentally, the first three questions, maybe
even the first four or five questions, from every
reporter are roughly the same, so you answer the
same question over and over again. However, it
looks a lot better that night. It looks like
you're more in control.

Those are the kinds of lessons that we need
to learn in order to communicate with the media.
If we communicate effectively with the media,
then we communicate effectively with the public.
Also, we can't forget our employees. We have an
obligation to communicate with them as well.
Although we may use a different mechanism, we
must communicate with them.

5. Anticipate the Questions and Concerns.
What is really on the minds of the people? What
are they worried about? Are they fearful for
their child's safety or well-being? Are they
worried that the industry will fold up and leave
town? Those are things of the kind that you can
understand only from knowing the community.

6. Grasp the "Real" Iss.ue. You have to
grasp what is really bothering the people. For
example, you have a man living near a site with
groundwater contamination problems. Is he really
worried about the groundwater being contaminated?
No, he's worried about his daughter who has been
drinking that water. So, if you want to move
that person from a highly energetic negative
position to a negative but low-energy position,
perhaps the things to do are (1) provide him with
bottled water until the scientists can get In
there and examine his well and do all the things
that good scientific people do and (2) pay for
some medical screening at the nearby hospital for
his daughter. It would not cost much, and
suddenly the very vocal neighbor is not so vocal,
because his real concerns have been dealt with.
There is still the concern about groundwater
contamination, but now we have more time, and
reason and logic can prevail.

7. Be Accurate and Honest. If you try to
pull the wool over people's eyes, they will catch
you, and your credibility will be lost.

8. Never Speculate, nor Place Blame. Never
speculate nor place blame during a crisis
communication situation. Speculation Is always
bad business. Let's talk instead about what is
happening and be realistic and honest.

9. Be Able to Articulate Your Positions and
Policies Clearly and Simply. You must certainly
explain your position clearly and simply as you
deal with local officials. You might have the
best statement of corporate or departmental
policy dealing with this kind of situation, but
my guess is that it runs about four lines long in
a paragraph that covers the first half of the
first page of the manual. That material is
pretty difficult to get on the evening news or to
communicate effectively to local officials.
Communicate in straightforward layman's terms.

10. Practice. In crisis communication and
community outreach, you must practice. You must
practice to be more proactive.

VII. BENEFITS

But why bother doing this at all? Because
we can all benefit.

Our companies will benefit from proactive,
positive community relations. We will have more
freedom to operate. We won't have as many
legislative and regulatory initiatives as we
would have otherwise. Our employees will be
proud of our companies, our agencies, or our
departments as we do the right thing for our
community. And certainly, customers will prefer
to do business with us because we are reputable,
we have integrity, and we are interested in doing
the right things.

The community will benefit. If you were
introducing risk into the community and the
community had no say, then there would probably
be some perception of inequitable distribution
of that risk; such a perception often results in
tremendous backlash and negative reaction
to your initiative. When you begin to work'.in
the field of emergency response, planning, and
preparedness, the community now has a'say in its
idestiny. The community will alsp benefit,when
they receive good information and develop'a stake
in the venture. Not only do your'employees have
a stake in what you are trying to accomplish, but
community regulators and elected officials will
also have a stake in making it work. It becomes
a win-win situation. Certainly, the community
will win when the tax base has been expanded
because the community is recognized as a good
place to do business.

And certainly, individuals can benefit;
individuals such as you and me. We will grow in
our knowledge of other people and in the knowl-
edge of our government, in the elected environ-
ment, as well as the regulatory environment. We
in the emergency response field have an oppor-
tunity to apply our skills to solving the
technological problems that are facing our
society. Certainly, emergency planning improves
our stake in the community in which we live.
After all, we live, work, play, and raise our
families in these same communities. You bet we
care. In fact, today we cannot afford not to be
involved. We must be proactive and leaders in
the local decision-making process.
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ABSTRACT Within a nuclear facility, an emer-
gency can range from a situation that only in-
volves the employees of that facility to a
series of events that have both onsite and
offsite consequences. Analyses of nuclear and
non-nuclear emergencies can provide valuable
information on the causes of, as well the
problems encountered during emergencies. Re-
ports on facility emergencies indicate that up
to 90% involve human error. Such events occur
more frequently during the night shifts or on
weekends. These occurrences may result from
the absence of experienced personnel as well
as the reduced alertness of onsite personnel.
Therefore, this paper emphasizes the human
element in a review of accidents that have
occurred at nuclear facilities including Wind-
scale, SL-1, the Recuplex criticality, the
Wood River Junction criticality, the Browns
Ferry fire, Three Mile Island, and Chernobyl.
These accidents are described, and their con-
sequences are evaluated. The information ob-
tained from these evaluations may be useful
for in- elusion in nuclear plant operating and
testing procedures.

INTRODUCTION
An emergency can be defined as a serious

situation that develops suddenly and unexpect-
edly and demands immediate attention. Within
a nuclear facility, an emergency can range
from a situation involving only facility em-
ployees to an event having both onsite and
offsite consequences.

The analysis of nuclear emergencies can
provide valuable insights on a generic basis,
into the causes of such events. In some in-
stances, nuclear emergencies can be initiated
through failures of equipment. However, data
show that human error is a major source of
many industrial accidents, and yet human re-
sponse after such accidents can also play a
major role in bringing accident situations
under control.

In the chemical industry, data show that up
to 90% of all accidents are induced or further
complicated by human error (Joksimovich 1986).
In the airline industry, up, to 80% of all
crashes are thought to involve erroneous human
interaction (Lewis 1985a). Similarly, human
error appears to have played a major role in
essentially all nuclear accidents.

Human error is not confined to the Western
nuclear industry; this fact was demonstrated
by the recent Chernobyl accident in the Soviet
Union. While the exact cause of the accident
has not been reliably reported, a number of
Soviet plant officials were reportedly removed
from their jobs for responding to the accident
improperly.

In the preparation of this paper, the
authors have examined a range of nuclear acci-
dents from the 1950s to the present that were
reported in the literature, and have identi-
fied a number of contributing factors which
affected human judgment during these events.
One common thread found in a large number of
accidents is the time of occurrence. The data
show that such events, whether severe acci-
dents or operational incidents, appear to
occur more frequently during off normal hours
(the graveyard shift, weekends, or holidays).
Accidents seldom occur during the day shift
when the full management team and senior oper-
ations personnel are present. Because acci-
dents seldom occur during the day shift, those
facility employees most expert in coping with
the situation may not be available, and the
normal chain of command may be disrupted. At
several nuclear power plants, it was also
observed that new or less experienced tech-
nicians are assigned to the back or graveyard
shifts. The lack of experienced human re-
sources and the pressure of an accident situ-
ation can be enormous on those individuals who
are faced with making important decisions.

An in-depth review of the literature con-
ducted for the U.S. Nuclear Regulatory Commis-
sion (NRC) by staff members at the Pacific
Northwest Laboratory (Lewis 1985b) determined
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that human errors generally increase at night
and the chance for error is significantly
greater if the worker has already been working
four or more hours before midnight. The high-
est error rates were reported to occur between
3 and 6 a.m. The most efficient work is typi-
cally performed during the day. When a person
is required to work at night and sleep during
the day, both work performance and sleep were
found to be degraded.

Researchers at Harvard University (Squires
1986) have reported that 30 percent of the
operators of heavy equipment fall asleep while
driving on the night shift. During a recent
annual meeting of the Academy of Behavioral
Medicine Research, members of the Harvard
Medical School research staff observed that
three of the recent major disasters — Three
Mile Island, Bhopal, and Chernobyl -- all hap-
pened at night. The concern expressed by be-
havioral scientists was not only that lowered
alertness might cause accidents at nuclear
facilities during off-hours, but that the con-
current human ability to detect and correct
the problem in a timely manner might also be
reduced (Squires 1986). Dr. C. A. Czeisler of
the Harvard Medical School, Department of
Medicine, has conducted extensive and indepth
studies of the effects of rotating shift work
schedules (Hearings 1983). Dr. Czeisler ob-
served that workers on night or rotating
shifts experience adverse consequences because
their circadian rhythm, the physiological func-
tions such as body temperature, hormone secre-
tions, cell division, antibody formation,
etc., varies over a 25-hour period.

These physiological functions are regulated
by the body's internal clock as well as by in-
dicators from the environment, such as light
and temperature. According to Dr. Czeisler,
whenever a worker's normal wake/ sleep sched-
ule is interrupted, there is a mismatch bet-
ween the body's ability and the demands
placed upon it in the work place. Stress,
gastrointestinal disorders, low morale, high
rates of accidents and illness, as well as low
productivity, result from this mismatch.
Sleep-deprived shift workers often experience
involuntary lapses of wakefulness: while they
appear to be awake, they may actually be
drifting in and out of sleep. Because of
these lapses they may be impaired in their
ability to respond to warnina signals or
lights (Czeisler 1980; Rafferty 1983).

Researchers in Sweden (Hearings 1983) have
reported that train crewmen fall asleep one
out of every six hours during night runs.
While asleep, the drivers maintain full pres-
sure on the accelerator, and were found to be
unresponsive to warning lights. Czeisler re-
ported in field studies of 1500 workers at a
number of industrial facilities, that over 55%
of the workers admitted to "nodding off," or
falling asleep on the job during any given
week. Czeisler1s efforts have since focused

on identifying effective counter-measures that
would mitigate the effects of the interrup-
tions in normal sleep patterns experienced by
workers during off-normal hours.

Another common thread to most accidents is
that, no matter how well emergency scenarios
are developed and emergency planning exercises
are conducted, no scenario that fits an emer-
gency situation exists (Vallario and Selby
1981). During an emergency situation, there
is little time to extensively consult the
emergency operating plan to decide what to do;
the major response will have to be based on
the quality of the training imparted to emer-
gency response personnel from plan and pro-
cedure implementation, as well as tnorougSi
periodic drills and exercises.

How an individual will respond to an actual
emergency situation is another uncertainty.
In Japan, analysis of safety evaluations per-
formed at commercial installations revealed
that an appropriate response of operators to
an accident could not be expected for at least
10 minutes after they became aware of the emer-
gency situation (Katsuda, Suehiro and Taniguchi
1984). Part of this delay is due to the time
required to effectively analyze the situation.
Another portion of the delay is likely to re-
sult from the reluctance of the operators to
acknowledge that they have an emergency. Irre-
spective of the number of emergency drills and
exercises conducted, the real situation may re-
veal flaws in the emergency plan and in the
tempered response. Therefore, everything that
even borders on an emergency at a facility
should be treated as an emergency.

A REVIEW OF SELECTED NUCLEAR ACCIDENTS
A review of a few of the more f ami liar

nuclear incidents is included to illustrate
the sequence of events, the consequences, and
the lessons learned. All these accidents be-
gan during night shifts, on weekends, or holi-
days, which suggests that possibly fatigue
and/or the absence of more experienced per-
sonnel could have been among the causes of
these
incidents.

Windscale Works of British Kuclear fuels Acci-
dent - 7:25 p.m., Monday, October 7, 1957

Th"e Windscale Works Ts located on" the
northwest coast of England. The accident at
this facility occurred during a routine main-
tenance operation in the Head End Treatment
Plant. Two air-cooled graphite-moderated
uranium reactors were being operated at the
site to produce plutonium. At that time, it
was known that graphite will store energy as
the result of neutron bombardment (the so-
called Wigner energy) and that the controlled
release of such energy could be used for an-
nealing the graphite structure. Experience
showed that achieving a release of all the
stored energy in a single step was difficult.
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Therefore, a second heating was usually ap-
plied.

Unfortunately, at Windscale the second
heating was initiated prematurely by the oper-
ator because thermocouples used for indicating
temperature in the graphite structure showed
decreases in graphite temperatures when in
fact, the temperature in the graphite struc-
ture was rising. This temperature rise was
not detected by the operator because of insuf-
ficient core instrumentation. The premature
second heating caused a uranium fuel cartridge
to fail. The fuel cartridge and graphite re-
acted with air and initiated a fire.

The first indication of the accident was
provided by an air sampler located 1/2 mile
from the plant. The instrument indicated an
increase in beta activity. When the workers
suspected a failed fuel cartridge, a remote
scanning device was used to locate the cart-
ridge. The scanning device jammed, and the
workers donned protective clothes, peered
through a plug at the face of the reactor, and
found the fuel was red hot. This discovery
was the first indication that there was a fire.
By that time, the fire had been underway for
two days. The intense heat distorted the fuel
cartridges and they could not be discharged.
However, the cartridges in adjacent channels
were successfully removed. By October 10, the
spreading fire involved approximately 150 chan-
nels in a rectangular cross section.

Although several schemes were attempted,
efforts failed to extinguish the fire. Among
these efforts was an attempt to cool the
graphite by increasing the air flow; this sim-
ply caused the fire to burn better. A heat
sink was needed to extinguish the fire. Thus,
on the fifth day the reactor was flooded with
water and the fire was extinguished.

The reactor was extensively damaged. All
35 personnel in the building at the time of
the accident inhaled quantities of radioactive
materials and were contaminated externally.
The release of radioactive materials, prim-
arily iodine and noble gases, into the atmos-
phere was widespread. Approximately 20,000 Ci
of iodine-131 were released through a 405-ft
stack. Exposure rates in the surrounding area
measured up to 4 mR/h. Radioactive gases such
as iodine-131, were transported directly to
animal feed and resulted in the contamination
of milk. The use of milk was banned within a
30-mile radius of the plant, covering a total
area of about 200 square miles. The mill, con-
sumption in that area was banned for 25 days;
in some of the more heavily contaminated
areas, milk consumption was banned for as many
as 44 days (Eisenbud 1973; Atomic Energy
Office 1957).

Lessons learned from the Windscale accident
include:
• A major nuclear accident can have worldwide

consequences, both in terms of the airborne
releases and in the public impact.

• There was insufficient temperature-indicat-
ing instrumentation, which led the opera-
tors into making the decision to initiate a
second Wigner release, thus initiating the
accident.

• The surveillance instrumentation used prov-
ed inadequate and failed when an attempt
was made to locate and survey the potential
damage.

• No written or sufficiently detailed in-
structions, such as a Pile Operating Man-
ual with special sections on Wigner re-
lease, were available.

• An adequate heat sink is required to ex-
tinguish a fire.

• The apparent makeshift emergency planning
in England was not adequate to handle
this emergency situation.

• The countermeasures and public health
actions that had been developed for such an
emergency were insufficient.

SL-1 U.S. Army factor Accident - 9:01 p.m.,
Monday, January 3, 1961

Th"e Stationary Low Power Reactor (SL-1)
accident at the National Reactor Testing
Station in Idaho resulted in the first U.S.
fatalities from such an event. The SL-: was
an U.S. Army research facility that was con-
structed as a direct cycle, boiling water
reactor with a thermal capacity of 3 MW and an
electrical output of 0.8 MW.

The reactor had been used to provide
military personnel with operating and mainte-
nance experience, to obtain performance charac-
teristics and fuel bum-up data, and to test
components for future improved reactors. The
intent was to develop small reactors like the
SL-1 for use at Army installations in remote
areas such as the Antarctic.

Two weeks before the accident, the reactor
had been shut down after being operational for
more than two years. Prior to shutdown, the
control rods in the reactor core ware sticking
with increasing frequency. The impedance was
thought to be cause by the bowing of boron
strips attached to the fuel elements or an
accumulation of dirt or corrosion.

On the day of the accident, personnel were
inserting cobalt flux measuring wires into the
coolant channels between the plates of the
fuel assemblies. This task required the
removal of some of the control rod drive
assemblies and control rods.

The nuclear excursion occurred when 3
military personnel on the night shift attempt-
ed to remove the control rods to prepare for
the reactor start up. The excursion exten-
sively damaged the reactor core, did minor
damage to the reactor building, and fatally
injured the 3 people. Since none of the
military personnel involved in the accident
survived, and because of the rather high expo-
sure rates in the reactor building (approxi-
mately 1000 R/h), it was some time before the
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actual cause of the accident was established.
In May 1961, a board of investigation

concluded that the withdrawal of the central
control rod resulted in the excursion. Al-
though the building was not designed for tight
containment, it was effective in reducing the
spread of gaseous fission products to offsite
locations. An exposure rate of approximately
50 mR/h was observed about 3/4 mile from the
facility (Eisenbud 1973; Vallario and Selby
1981; Cottrell 1962).

The lessons learned from SI-1 accident
include:

• The design, in which the withdrawal of a
single control rod could cause the reactor
to go critical, should be avoided in the
future.

• Repeated malfunctioning of control systems
should result in remedial actions. The
decision to continue operation of the
reactor was made at too low a decision
level and without review by qualified
supervisory personnel.

• Potential accidents need to be anticipated
through safety studies and analyses on a
continuing formal basis. Source terms
should be estimated for a range of acci-
dents to permit the development of plans
for realistic emergency preparedness.

• Specialized remote equipment and techniques
could be used to determine the condition of
the reactor after the accident. This
demonstrated the need for the development
of a robot that is capable of operating
without deteriorating or failing in a rela-
tively high radiation field.

• A remotely operated retrieval system for
the nuclear accident dosimeters would be
beneficial.

• Shielded medical facilities are required
for adequately protecting the medical staff
who may be called upon to treat a contami-
nated accident victim.

• Emergency preparedness instrumentation that
is able to assess the high radiation fields
which may be present during an accident
needs to be developed. The studies
performed after the accident indicated that
that exposure rates in excess of 1000 R/h
could be traversed safely by humans in
lifesaving situations.

•. Survey instruments must also be designed to
operate in a wide range of environments. At
the time of the accident the outside
temperature was -20"^.

• Contamination control needed to be improved

to avoid the spread of radioactive
particles. Some of these particles were
carried from the plant area on the tires of
motor vehicles.

Recuplex Nuclear Criticality - 10:59 a.m.,
"STturcfay, April 7, 1962
"This was the first accidental nuclear ex-

cursion that occurred at any of the production
facilities at Hanford. The accident began
during a cleanup operation at the plutonium
waste recovery facility, known as Recuplex. A
concentrated plutonium solution was accident-
ally pumped from a sump, where it was in thin
slab geometry and therefore subcritical, into
a 45-liter tank, where it became critical. 17

The initial pulse consisted of some 10
fissions, with repeated pulses following for
20 minutes. The excursion exposed three per-
sonnel in the facility to gamma and neutron
radiation doses of 110, 43, and 19 rem, res-
pectively.

The Recuplex incident is mentioned because
it occurred only a few months after the SL-1
accident. The SL-1 accident had revealed the
importance of retrieving the data from the
accident dosimeters in order to estimate the
dose received by the exposed workers. In the
case of the Recuplex event, a trained senior
staff member at the facility performed such
retrieval. Without consultation or direction,
he ran into the building, following the ini-
tial pulse, to retrieve the dosimeter. In so
doing, he just barely missed a i%»cond much
larger pulse consisting of some 10 fissions.
Exposure at this level would have been fatal.
In this case, a senior staff member who was
highly trained in routine and emergency situ-
ations did not react properly in an actual
emergency. (Vallario and Selby 1981; Zanger
1962; Callihan 1963.)

The lessons learned from the Recuplex acci-
dent include:

• Predicting the reactions of personnel, even
seasoned "veterans," in an accident
situation is difficult if not impossible.
If tests could be developed to ascertain
such behavior in advance, they would be
very useful.

• Robot equipment can be very useful, both in
gathering information about an accident and
in conducting remedial actions. This
lesson was later dramatically confirmed in
the longer-range recovery actions at Three
Island, Unit 2.

Wood River Junction Criticality - 6:00 p.m.,
Friday, July 24, 196"4~

This cnticality accident occurred in a
fuel recovery plant of United Nuclear Oper-
ations in Wood River Junction, Rhode Island.
It was the sixth such event to occur in the
U.S.
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The accident was initiated when a tech-
nician erroneously poured 11 liters of concen-
trated uranyl nitrate into a tank that con-
tained 4! liters of 0.54 M sodium carbonate.
Five persons were in the facility at the time
of the excursion. The technician saw the typ-
ical light blue flash and was knocked to the
floor. Although dazed, he ran out of the
building to an emergency shack some 500 feet
away. He was taken to the Rhode Island hos-
pital, and died 47 hours later. Analyses of
hair and blood samples, taken from the tech-
nician's body, indicated that he received more
than 14,000 rad to the head and 46,000 rad to
the pelvic area of his body.

Two supervisory personnel, who arrived on
the scene after the first excursion were ex-
posed during a second, lesser excursion that
was initiated when they shut down the power to
the stirrer that was used to mix the solution.
They received approximately 50 rad of gamma
radiation and 5 rad of neutron radiation.
This portion of the event was similar to the
Recuplex incident at Hanford (Auxier 1965).

The lessons learned from the Wood River
Junction accident include:

• Better administrative control of fissile
materials was needed. Procedural methods
and controls had not been updated at the
time of the accident.

• Better identification of fissile materials
was essential.

• Better training of plant personnel in
normal operating procedures was essential.
A review by the investigating committee
indicated the need for complete written
procedures. Except for the plant super-
intendent and two supervisors, the staff at
the facility was not experienced in the
kind of operations they performed.

Browns Ferry Nuclear Power Plant Fire - 12:20-
p.m, Saturday, March 22, 1$75"

Although this accident did not involve the
release of any radioactive materials, the
national media described it as a "disaster and
near disaster." The accident was initiated by
a team, consisting of an electrician and an
engineering aide, who were checking for leaks
in the cable spreading room. The team was re-
sponsible for locating and plugging holes in
the polyurethane sealant surrounding the cab-
les within wall openings. A candle with an
open flame was used to indicate the presence
of drafts; the candle ignited the polyure-
thane.

Unfortunately, the fire ignited in an
inaccessible location. Fifteen minutes after
the fire began, the alarm sounded. The alarm
warned people that the C02 CARDOX fire extin-
guishing equipment would be operated. How-
ever, because the draft was so strong, this

equipment was not effective.
Ultimately, as in the Windscale accident, a

heat sink was required to extinguish the fire..
Personnel of the Athens Fire Department
recommended the use of water to provide the
heat sink and extinguish the fire. The plant
personnel were concerned, however, that using
water would result in shorted electrical cir-
cuits, a concern also expressed by the Tennes-
see Valley Authority Public Safety Officer.
Not until 6:00 a.m. on March 23, J975 did the
plant superintendent finally agree to use
water. The fire was extinguished about
45 minutes later (Scott 1983; Moeller 1979).

The lessons learned from the Browns Ferry
incident include:

• Personnel involved in the work of leak-
testing, sealing and inspection need to be
trained in fire control and proper fire
reporting procedures. They also need to
have detailed written, approved procedures
for work activities and fire control-

• Fire fighting equipment needs to be fully
operational at all times. A metal plate
installed for the safety of the personnel
prevented the activation of the (XL CARDOX
system.

• Fire control practices at nuclear facili-
ties at the time emphasized the precaution
of not using water on electrical fires.
One of the reasons for this emphasis was
that the possibility of shorted electrical
circuits that could have been instrumental
in the loss of safety controls.

• As noted in the Windscale accident, an
intense fire requires a heat sink. When
the hee* sink was provided by the appli-
cation of water at Browns Ferry, the fire
was quickly extinguished.

• Redundant control systems must be suffi-
ciently independent so that they do not
interfere with each other during a fire.
Control cables, for example, had been run
in close proximity in metal conduits. The
metal conduits did not provide the intended
protection; when the fire melted the
insulation of the wires, feedback through
indicator lights made safety equipment
unavailable.

• Emergency responses needed to be coor-
dinated. The plant superintendent spent
too much time in communications with the
Central Emergency Center and did not direct
the efforts of the plant's emergency
response team and the fire fighting teams.

Three Mile Island Unit 2 Nuclear Power Station
Accident - Wednesday, 4:00 a.m., March 28, 1979

Ro other accident until tTTe Chernobvl
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event, has had such a profound impact on the
public, the nuclear industry, and the regula-
tory agencies. The accident involved Three
Mile Island (TMI) Unit ?., a 906-MW pressurized
water reactor, located 9 miles from Harrisburg,
Pennsylvania, a city of 70,000.

At the time of tne accident, Unit 2 was
operating near full capacity. Unit 1 had been
shut down for refueling. A condensate pump in
the turbine building stopped, which also caused
other pumps in the system downstream to shut
down. As a result, the reactor scrammed auto-
matically. In accordance with the system's
design, emergency feedwater pumps came into
operation. However, during an earlier mainte-
nance procedure several valves had been mis-
takenly left closed, blocking the flow of
water. Without this water, the heat and pres-
sure in the primary system began to rise and
the power-operated relief valve on top of the
pressurizer opened and became stuck. Water
poured through the open valve and the pressure
fell. After the pressure was reduced, the re-
lief valve was designed to close and restore
the integrity of the primary system. In the
control room, the relief valve indicator
showed it to be closed, when it actually re-
mained open and continued to release water
from the primary system. The relief valve re-
mained open 2 1/2 hours; during that time the
operators maintained the water in the pres-
surizer at the normal level, assuming that
this was indicative of an acceptable water
volume in the primary system. Actually, more
coolant was being lost than was being replaced
and a small loss-of-coolant accident was under-
way. Ultimately, water surrounding the core
boiled and the top of the reactor core was un-
covered. This event resulted in serious
damage to the fuel and the associated releases
of radioactive fission products to the primary
coolant, to the containment, and to the envi-
ronment.

In the next 11 hours, the operational staff
made several attempts to reduce pressure in
the primary system. Fifteen hours after
the accident began, forced circulation through
the core had been established and a relatively
stable plant condition was obtained.

Three hours after the accident began,
radiation levels in the reactor containment
building and the auxiliary building led to the
declaration of a site emergency. During the
initial phases of the accident, the contain-
ment building became contaminated with radio-
active water, which was pumped over to the
auxiliary building. Abnormal releases were
made to the environment through the ventil-
ation system of the auxiliary building.

Dose rates inside the Unit 2 containment
ranged up to thousands of rem/h; a measurement
of 70 mrem/h was reported at the north gate of
the plant. However, dose rates at most ground-
level stations around the plant site following
the accident were only 1 to 3 mrem/h (Bertini

1980; Okrent and Moeller 1981; NP.C 1979).
No injuries were reported. The reactor

core was heavily damaged, resulting in exten-
sive cleanup operations.

At least 14 committees reviewed the acci-
dent and an ad hoc committee concluded that
the offsite collective dose represented min-
imal risk of additional health effects to the
offsite population. The President's Commis-
sion pointed to the root problem as being
"people-oriented," rather than related to de-
ficiencies in plant design or equipment. The
weaknesses identified were not only the short-
comings of individual human beings, but also
problems of organizational structure and com-
munications among key individuals and groups.
The Commission also found a preoccupation with
regulations themselves, rather than with the
safety the regulations were supposed to pro-
mote. The Commission especially noted the
focus on "worst case" accidents to the neglect
of less consequential but more probable scen-
arios (Bertini 1980).

The lessons learned from the TMI accident
encompass a wide spectrum of concerns (NRC
1979). The lessons include:

• Training of THI personnel was deficient and
did not prepare the staff to deal with
emergency situations. Improved plant
personnel training was needed on a periodic
basis.

• The TMI control room lacked the application
of good ergonomic design. Control rooms
should be designed with optimum
consideration for human factors.

• There was a need for rigorous emergency
preparedness exercises on a periodic basis.
After TMI, the NRC required that licensees
submit detailed emergency plans and asso-
ciated implementating procedures, including
state and local governmental emergency
plans for review and approval. The NRC
then determines whether the emergency pre-
paredness capability provided reasonable
assurance that the plant personnel could
respond promptly and adequately to an emer-
gency and provide measures to protect
workers and the public.

• While actual radioactive releases to the
environment were negligible, the mental
stress to the population may have been the
major impact during the TMI accident. The
siting of future nuclear power plants at
more remote sites would be required.

Chernobyl Nuclear Reactor Accident
1:23 a.m., Saturday, April 26, 1986

The Chernobyl accident was first noted by a
sudden increase in the power of one of four
reactors located at the site. While under-
going shutdown, a large emission of steam re-
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acted with the overheated fuel to form the hy-
drogen that exploded.

When the accident occurred, the reactor wns
operating at 755 power. The explosion exten-
sively damaged the reactor building; portions
of the building collapsed. The reactor was
damaged and substantial radioactive releases
resulted. Three days later, however, person-
nel circling the facility in a truck and fly-
ing overhead ir a helicopter noted that ap-
proximately one fourth of the exposed graphite
continued to burn.

Based on initial information, temperatures
exceeding 9000r'F and relatively dry weather
were thought to be responsible for transport-
ing the radioactive plume high into the atmos-
phere and then across the Soviet Union to
northeast Europe. Lawrence Livenr.ort National
Laboratory scientists sucoested, however, that
50K of the radioactive material was released
in the hydrogen and steam explosion and the
other 50^ was dispersed during the graphite-
fire (Rippcn, Blake and Payne 1986).

It was reported that the area around
Chernobyl did not immediately receive a high
exposure to radiation, probably because of the
high plume rise. Soviet eiii&rgency plans re-
quire evacuation if anticipated doses approach
25 Rem. Evacuation was initiated 36 hours
after the accident. It is not known whether
the evacuation was delayed because of rela-
tively low radiation levels or for other reas-
ons. It was reported, however, that specta-
tors from the town of Pripyat watched the fire
from the plant perimeter on the day of the
accident. Although dose rates reported by
Soviet sources were relatively low (15 mrem/hr
at the zone during the first day of the acci-
dent and 0.15 mrem/hr at the zone perimeter),
actual rates are not available at this time.
Levels observed in Finland, Sweden and the
Federal Republic of Germany were 2-40 times
that of normal background radiation, mostly
due to deposition on the ground. Wide dif-
ferences in radiation levels in some of the
areas appeared to be the result of rainfall.
(Wilson 198%f).

It is st'ill too early to list all the les-
sons that were learned from the Chernobyl
accident, but some of them are suggested here
on the basis of a report by Or. Richard Wilson,
Mallinckrodt Professor of Physics of Harvard
University.

• The Chernobyl accident underscores the im-
portance of reactor operator training,

• Emergency planning and the appropriate use
of staff during emergencies is essential.
Also emergency plan?, should focus less on
how to evacuate, and more on whether and
when to evacuate the affected population.

• International cooperation is essential; a

rr.ore prompt release of data by the Soviets
would have been helpful.

• Governments should be care-fiil not to
overreact in response to an accident that
impacto the international community. Dur-
ing the Chernobyl accident the met.erological
and radiation protection services of various
countries responded promptly and correctly.
However, politicians appeared to ignore
their council and kept a ban en food and
water in areas were it was not needed.

SUMMARY
B~ review of nuclear facility accidents

since the 1950s revealed that human error was
found to contribute to a iripjority of the inci-
dents. The review also indicated that the
accidents were caused or complicated by per-
sonnel working during off-normal hours.

Contributing factors to the earlier inci-
dents were perhaps deficiencies in the design
of facilities or equipment involving this new
technology. Later accidents, however, in-
volved facilities and equipment that had be-
come "safer," as a result of the many redun-
dancies built into the operating systems to
safeguard the facility and human health. The
more recent accidents appear to be the result
of errors on the part of humans trying to
respond to unusual events involving this in-
creasingly complex technology. Compounding
this problem was the fact that many of these
accidents may have occurred when the most
qualified and best trained personnel were not
on duty. In addition, decreased alertness of
key personnel during off-normal working hours
may have contributed to these events.

Several of the following lesspns, learned
from these accidents, are being or have been
implemented to some degree:

• Nuclear accidents can have worldwide impact
on the public, governmental agencies, and
the nuclear industry.

• Rotation of operating personnel to work
during off-normal hours requires careful
planning, taking into consideration the
natural body rhythm to maximize perfor-
mance.

• The response of an individual to an emer-
gency cannot always be predicted. Also,
operating personnel require some time to
respond to an emergency. Ultimately, the
major response will be based on the quelity
of the training imparted to emergency
response personnel.

• Emergency preparedness instrumentation
capable of assessing the high radiation
fields that may be present is required.
This equipment must be operable in a wide
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range of environments.

• Remotely operated retrieval and surveil-
lance equipment during emergencies is es-
sential. Control rooms should be designed
with optimum consideration for human fac-
tors.

• Potential accidents need to be anticipated
through safety studies and on continuing
formal analysis.

• Regularly scheduled, rigorous emergency
preparedness exercises are needed. These
exercises must include objective, post-
exercise critiques and a willingness on the
part of facility management to correct any
deficiencies identified.

• Improved plant personnel emergency response
training is needed on a periodic basis.

• Emergency responses require well-directed
coordination.

• Rigid administrative control of fissile
materials is essential.

• Siting of nuclear facilities should be con-
sidered with respect to population density.
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Perspectives and Emergency Planniag

A Chronology of the Chernobyl-4 Accident
G. Donald McPherson

Abstract - This paper presents a chronological
description of the events leading to the
April 7.5, 1987, accident at the Chernobyl Unit U
reactor at Pripyat in the Soviet Union.

I. INTRODUCTION

On August 25-29, 1986, the Union of Soviet
Socialist Republics (USSR) presented their report
on the April 25, 1986, accident at the Chernobyl
Unit 4 reactor to International Atomic Energy
Agency Experts' Meeting. The accident chronology
included in this paper is based upon information
included in the working document of the USSR
State Committee on the Utilization of Atomic
Energy, which was provided at that meeting, as
well as additional information supplied orally by
the Soviets at that meeting.

II. REACTOR DESCRIPTION

The Chernobyl reactors are boiling-water-
cooled, graphite-moderated, pressure-tube
reactors (RBM) 14 m diameter by 9 m high of 1000
MWe capacity. The core is a stack of graphite
blocks penetrated by 1680 vertical cooling
channels which also contain the fuel bundles.
The cooling channels are connected as two
separate loops, each one with its own steam
separator, four circulating pumps and two
feedwater pumps. The latter return water from
the condenser to the steam separator. The
equipment for each loop is located on one side of
the core and is connected to channels only on
that side of the core. The pipes leaving the top
of the core reactor carry the steam-water mixture
to the steam separators. From there the steam
goes to the turbines. After passing through a
condenser, the steam condensate is returned to
the separators. This water is injected in almost
jet-pump fashion into a downcomer leading to the
circulating pumps, which return the coolant to
the reactor.

The only union in the double circuit is that
steam from the steam separators on the right side
and the left side may be directed to either or
both turbines. Thus, one side could feed one
turbine, and the other side, the other turbine;
or the steam could be mixed to feed both. That
is what was being done before the accident.

III. BACKGROUND

The reactor had been running at full power.
Personnel at Chernobyl Unit U were preparing to
shut the reactor down for scheduled maintenance.
During the course of the shut-down, the operators
planned to perform a test of the capability to
use the rotating kinetic energy of the turbo-
generator to supply power during the shut-down
process.

At the beginning of the test, the reactor
power was planned to be 700-1000 MWth (21-33Z of
full power). Turbogenerator No. 8 was connected
to four of the main cooling pumps and two
feedwater pumps. The power demand of these pumps
would be equivalent to that of the emergency core
coolant system. The other four cooling pumps,
other two feedwater pumps, and, of course, the
other power demands of the reactor building would
be carried by the electrical grid. During the
test, the operators planned to close the stop
valve on the one operating turbine (No. 8) and
determine how long the generator could carry the
load; i.e., how long it could power the four
cooling pumps and two feedwater pumps. At the
end of the test, the reactor power would be
unchanged. Both turbines on Unit A would be
stopped, and the grid would be supplying the
power to the remaining four cooling pumps and two
feedwater pumps, in addition to any other power
demands.

Following an earlier test of the same type,
the generator exciter block had been modified in
an attempt to increase the time during which the
run-out power would be available to the emergency
equipment. This would allow additional time for
the onsite diesel generators to start supplying
power to the critical components.

The test was designed by an electrical
engineer who was unfamiliar with the operating
characteristics of the RBMK reactor. In
particular, the test designer was unaware of the
positive void reactivity coefficient of the
reactor and its increasingly unstable character-
istics at lower power. Although the test was to
be conducted at 22-31% power (the Soviets state
that the exact value was unimportant), the test
designer believed that a lower value would be
acceptable.

Permission had been requested to conduct the
test, but, the Soviets stated that "the plant
management did not get around to approving it."
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The test occurred on the Saturday before May
Day. It was very early in the morning. If the
test could not be done while the reactor was
being shutdown for this maintenance period, it
would be another year before it could be at-
tempted. Given the situation, the operating
staff was psychologically unprepared and in-
attentive to the emergency condition that was
arising.

The sequence of events that led to the
disaster is detailed in Table I.

IV. AFTER THE ACCIDENT

After early May the situation at the reactor
had largely stabilized. The short-lived fission
products had decayed, and the radiation exposure
rate in the reactor compartments was in the
"single R/h" range. Temperatures in the reactor
cavity were stable, and in some cases, dropping
by 0.5 °C/day. Ninety-six per cent of the
reactor fuel remained in the reactor shaft and
adjacent compartments. Any radioactivity still
escaping from the reactor was due to wind
entrainment of aerosols and did not exceed dozens
of Ci/day.

The other three reactor units were contami-
nated during the accident due to radioactivity
being transported through the ventilation system.
Sections of the turbine room had high radiation
levels since they were contaminated through the
destroyed roof of the third block. After
decontamination, dose rates in the compartments
of Units 1-3 were 2-10 mR/day.

During the accident, large amounts of radio-
active material, including graphite and fuel,
were discharged over the plant grounds and
reactor buildings. Contamination of the ground
was not uniform. Several methods of controlling
the contamination were used. Polymerizing agents
were applied to soil and buildings to reduce air
entrainment of particles. As much as 10 cm of
soil was removed in some areas. Concrete slabs
or mounds of clean soil were placed over the
contaminated ground in places. After these
measures the total gamma background in the area
of the first unit was reduced to 20-30 mR/h.
This radiation exposure rate was due principally
to releases from Unit 4.

The Soviet long-range plans for mothballing
Unit 4 include the following:

o Building protective walls outside along the
perimeter,

o Erecting concrete and metal dividers between
the turbine rooms for Unit 3 and those for
Unit 4,

o Constructing a protective cover over the
turbine room,

o Sealing off "other" compartments as needed, and
o Providing for ventilation of the damaged unit.
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Table I. Chronology of the accident

Date Time Power Event Comment/Motivation

April 25 0100

1305

1400

3200 Mwth

1600 Mwth

1600 Mwth

2310

0028

April 26 0100

1600 Mwth
50% Power

Variable

200 Mwth
variable

Begin power descent to 700-1000 Hwth as required for test.
This power level was apparently chosen by test designer;
Soviets have stated that the test could have been run at
zero power (i.e., immediately following a scram).

Turbogenerator #7 disconnected. Power for auxiliaries (4
main cooling pumps, 2 electrical feedwater pumps, etc.)
was transferred to busbars of turbogenerator #8 (TG #8).
Later disengaged scram on 2 turbogenerator trips.

Emergency core cooling system (ECCS) disconnected as
required by test procedure. This was a violation of
regulations.

Continued power reduction was delayed for 9 h on orders of
the power grid dispatcher to meet demand. This allowed a
large xenon buildup.

Power reduction resumed.

Switch off local automatic control as permitted at lower
power operation; because bulk power set point was preset
to a low power level, the reactor power was driven down to
below 30 Mwth.

Power stabilized at this level. Attempt to increase power
to the desired 700-1000 Mwth level was difficult (never
accomplished) due to the low amount of operating
reactivity margin (ORM.) (Operating reactivity margin is
a calculated reactivity margin based on power and control
rod distribution and positions, given in terms of number
of control rods, where 30 is the minimum allowable. In
certain situations this may be lowered to an absolute
minimum of 15.)

As part of test objective, needed
equipment was to be powered from
offsite, and TG #8 output was required
for test.

ECCS was disconnected so that the test
could still be rerun.

Sharp power reduction results in xenon
buildup requiring removal of control
rods to maintain criticality.

Xenon poisoning builds up greater than
that anticipated for test; as a result,
ORM was 6-8 rods, substantially below
15-30 rods required.



Table I. (cont'd)

Date Time Power Event Comment/Moti vati on

0103-
0107

200 Mwth
variable

Before
0119:00

0119:10

200 Mwth
variable

200 Mwth
variable

0119:30 200 Mwth

0119:40

At 0103, one additional main cooling pump was placed into
service and at 0107 the second main cooling pump was
placed into service. This resulted in a total of 8 pumps
as the test program directed. The total flow increased to
57,000 nr/h, above that allowed in the operating
regulations. Low power to flow ratio possibly reduced
core void to 10% or less. (The Soviets are concerned
these pumps may have been operating close to point of
cavitation). This resulted in a decrease in steam
pressure and water level in steam separators.

In order to keep low steam pressure and low water level
from causing reactor shutdown, the operators blocked the
emergency protection signals related to these parameters.

Operator began manual replenishment of water to steam
separator.

The AR (automatic power regulating) rods moved upward to
compensate for reduction in power. Some manual rods
removed entirely to allow insertion of AR rods.

The feedwater flow to the steam separator had increased by
a factor of 3 over the balanced flow for this power level.
As this colder water reached the reactor core, there was a
sharp drop in the steam fraction of the coolant, and a
corresponding power decrease.The feedwater flows into the
steam separator at the nozzles of the downcomers leading
to the primary coolant pumps. Hence, the core inlet flow
temperature responds rapidly to any change in feedwater
flow.

Based on the planned test power level,
(700-1000), Mwth, 4 main cooling pumps
were required to continue operation.
Soviets stated that this mode of
operation - low core void, very low
ORM, slow power measurement response
and pumps near cavitation - is very
unstable.

By blocking these protection signals,
operator is able to proceed towards
test.

Apparently anxious to establish this
water level well within the normal
range, operator sharply increased the
feedwater flow above its nominal value.

The Soviet report implies that this
maneuver is probably not permitted.



Table I. (cont'd)

Date Time Power Event Comment/Motivation

0119:58

0121:50 200 Mwth
variable

0122:10

0122:30 200 Mwth
variable

0122:45

0123:04 200 Mwth

Turbine bypass valve (steam dump) closed.

Feedwater flow raised to 4 times the balanced flow for
this power level.

Operator reduced feedwater flow rate sharply to a level of
about two-thirds of balanced flow.

Outlet steam quality increases,
begin inserting.

Therefore automatic rods

A printout of the actual core flux monitor outputs and the
position of all the regulating rods was obtained at this
time ("Skala" system). Operator noted that ORM was about
6-8 rods, far below the value where immediate reactor
shutdown is required. Nonetheless, no action taken. The
flux was "practically arched" in the radial direction and
double peaked axially with the higher peak in the top
section of the core.

Feedwater flow stops decreasing at a value 2/3 of balanced
flow. Increase in steam quality stops because of pressure
increase and feedwater flow stabilization.

To begin the test the TG #8 turbine stop-valve was closed
and the turbogenerator bypass valve remained closed. The
signal for reactor shutdown on closure of both turbo-
generator steam valves had been disengaged. This was in
violation of the test program and normal operating
procedures.

This was done to raise the steam
pressure which was too low. However it
continued to drop slowly until the
start of the accident (0123:40).

This caused increase in inlet
temperature and compounded the events
one minute later.

Due to approximately 20 sec transient
time from steam down to core inlet.

At this highly unusual power shape, the
error in estimating the control rod
worths was extremely large, hence the
error in estimating the ORM was also
large.

By avoiding reactor shutdown, it would
be possible to repeat the test using
reactor generated steam. Soviets state
that this is the most infelicitous
(awkward) moment for this test to be
run.



Table I. (cont'd)

Date Time Power. Event Comment/Moti vati on

Flow rate began to fall as the 4 main cooling pumps
powered by TG #8 began to run down. Steam pressures also
began to increase due to removal of TG steam load and the
reduction (by operator action) of the feedwater rate about
1 minute before. These, factors combined to increase the
coolant void fraction (positive reactivity insertion) and
consequently the power.

0123:10 Power increase causes pressure increase which causes void
collapse. This feeds back to decrease power and automatic
rods rise.

0123:21 As four pumps coast down, the flow drops, void and power
increase. To compensate, automatic power regulating rods
begin to lower.

0123:31 Reactivity and power increase further because of pump
coast down.

0123:40 320 Mwth Unit shift foreman gave order to press emergency scram
increasing button.

Due to the reactor conditions at the
time of the test, the void fraciton is
believed to have increased many times
more sharply than it would have at
normal power. This sharp increase in
void fraction rsults in a sharp
increase in reactivity.

Soviets stated: "When they were still
alive, the operators gave three
nations for pressing the AZ5 scram
button:
1. the power was increasing
2. the test was proceeding well (and

therefore a repeat would be
unnecessary)

3. the automatic control rods were
moving."



Table I. (cont'd)

Date Time Power Event Comment/Moti vati on

0123:43 Soviet The "runaway period came to be much less than 20 seconds."
calc. [There are indications that period was 1 second.]a Over
indicates power and short-period alarms come on. The positive void
power at coefficient prompted "deterioration of t) • situation."
3800 Mwth Only the Doppier effect partially comr . =d for the void
and rising reactivity increase.

Soviets have stated that void
reactivity coefficient 2.0 x 10"*/%
steam volume at normal operating
conditions was 50% higher at test
conditions, but implied it was even
higher at this time.

0123:44

0123:44
(appr.)

[First power surge terminated by Doppier effect and rod
insertion. Water flow continued to decrease (due to run-
down of 4 main cooling pumps) and the power continued to
increase.]

Operator heard banginy noises and saw rods were stopping
before they reached bottom and released servo mechanism to
allow rods to fall into core.

The first power surge may have
distorted the core such that the
control rods coulo not be bottomed.
The banging noises may have been
initial ruptures of pressure tubes.

0123:45

0123:46

This likely led to fuel fragmentation causing large steam
spike which reversed flow to close main reactor Dump check
valves. Resulting void produces neutron pulse, and second
power surge.

Steam drum pressure exceeds "accident level" and pressure
relief valves open. [Pressure rise rate calculated by
Soviets was 8-10 atm/sec].

aItems resulting from Soviet mathematical model or that cannot be clearly attributed to measured values are enclosed in square parentheses.



Table I. (cont'd)

Date Time Power Event Comment/Motivation

0123:47 Large increase in coolant flow [as channels rupture due to
pressure spike].

0123:48

0124
(appr.)

0154

0334

0354

0500

["Thermal explosion" (steam release) blows top off reactor
and destroys reactor hall building].

Two explosions - hot fragments and sparks emitted from top
of reactor building. Hot fragments caused about 30 fires
on roofs, etc. [Mixture of gases containing hydrogen and
carbon monoxide capable of thermal explosion if mixed with
oxygen, were created in core region].

Thirty fires started in three primary fire sites: (1)
turbine room above TG #7; (2) reactor room; and (3)
partially destroyed compartments adjacent to reactor room.

Fire fighting units from Pripyat and Chernobyl arrive.
Focused on fighting fire in turbine room to prevent spread
to Unit 3. Hand extinguishers and "stationary fire
cranes" were used to fight fires in the compartments.

Most of fires on turbine room roof were out.

Fires on reactor building roof were out.

All fires out. Shutdown of Unit 3.

If initial ruptures occurred as above,
this flow increase could be consistent
with the upper biological shield being
lifted by the pent-up steam in the
reactor cylinder and the resultant
severing of all pressure tubes and
control rod channels.

[Observation from outside reactor
buiding. From this point on, there is
no more information from the control
room].



Table I. (cont'd)

Date Time Power Event Comment/Motivation

April 27 0113 Shutdown units 1 and 2.

Immediately after the accident, an attempt was made to
reduce the temperature in the reactor cavity and prevent
combustion of the graphite using emergency and auxiliary
feedwater pumps. This was unsuccessful. Decision was
made to fill the reactor cavity with heat discharging and
filtering materials.

April 28- Dropped 5000 tons of boron compounds, dolomite, sand,
May 2 clay, and lead onto damaged reactor. Discharge of

radioactivity dropped to several hundred curies/hr.

Problem of reducing fuel heatup was solved by pumping
nitrogen into space under reactor. Temperatures rose,
stopped, and began to drop. As insurance against
"extremely improbable" failure of the lower tier of
structures, construction of an artificial "heat discharge
horizon" was established under the core. Completed by end
of June.
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Uranium Yellow Cake Accident—Wichita, Kansas
Harold R. Borchert

ABSTRACT-A tractor and semi trailer containing
Uranium Yellow Cake, had overturned on 1-235,
Wichita, Kansas on Thursday, March 22, 1979.
The truck driver and passenger were transport-
ed) with unknown injuries, to the hospital by
ambulance. The shipment consisted of 54 drums
of Uranium Ore Concentrate Powder. Half of the
drums were damaged or had their lids off.
Since it was raining at the time of the
accident, plastic was used to cover the barrels
and spilled material in an attempt to contain
the yellow cake. A bulldozer was used to
construct a series of dams in the median and the
ditch to contain the run-off water from the
contaminated area. Adverse and diverse weather
conditions hampered the clean up operations over
the next several days. The contaminated water
and soil were shipped back to the mine for
reintroductioti into the milling process. The
equipment was decontaminated prior to being
released from the site. The clean up personnel
wore protective clothing and respiratory protec-
tion equipment, if necessary. All individuals
were surveyed and decontaminated prior to
exiting the area.

The Kansas Highway Patrol was notified at
8:51 a.m. on Thursday, March 22, 1979 that a
semi tractor and trailer had overturned on
1-235 at the North Meridian overpass Wichita,
Kansas. A Sedgwick County Fire Department
Engine along with a Wichita-Sedgwick County
ambulance were dispatched to the scene at 8:58
a.m. Upor. arrival at the scene, the responders
observed that the vehicle had radioactive
placards affixed which indicated that radio-
active materials constituted the shipment.

*At the time of the accident the author
was a Health Physicist and Chief of the
Materials Licensing and Control Section, Bureau
of Radiation Control, Division of Environment,
Kansas Department of Health and Environment,
Topeka, Kansas 66620.

Further investigation of the shipment indicated
that the cargo consisted of numerous barrels.
Upon reviewing the markings on the barrels the
responders concluded that the cargo was uranium.
The Radiation Specialist, Kansas Department of
Health and Environment Wichita Office was
notified of the accident at about 9:00 a.m.
He telephoned the State Office in Topeka, Kansas
at 9:05 a.m. relaying the accident information
available to him and then proceeded to the
accident site.

The Sedgwick County Assistant Fire Chief,
upon learning that the cargo was uranium, re-
quested that the Hazardous Material Response
team be notified and activated. The Sedgwick
County Civil Preparedness Office was notified
at 9:10 a.m. The coordinator and assistant
coordinator arrived at the scene about
9(20 a.m. They found that the top of the
overturned semi trailer had been ripped open and
a number of barrels were scattered about the
site. The vehicle which was traveling west and
south on 1-235 had the right wheels leave the
pavement about 213 meters (m) (700 feet) from
the site and became mired in the soft unfin-
ished shoulder. The driver had attempted to
bring the vehicle back onto the pavement and
under control when it overturned about 30.5 m
(100 feet) east of the overpass. The overturned
semi tractor and trailer was blocking the west
bound lanes of 1-235 including the median and
outer . shoulder. The contents consisting of 2.1
X 10 m (55 gal) drums was spilled during
the mishap towards the west and since the
overturned vehicle blocked the area, traffic
could not proceed past the accident site. This
prevented the spread of the material away from
the accident scene.

The Civil Preparedness Radiological Officer
arrived about 9:25 a.m. and began performing
surveys of the area using a Civil Defense
CDV-700 GM survey meter. According to the
Radiological Officer's survey, the radiaftion
levelSWere found to be about 215 X 10~ Cfound to be about 2.15 X 10 C
kg s (3 milliroentgens per hour) (mr/hr) in
theqimmediate area of the spill and about 2.15 X
10 C kg s (30 mr/hr) close to the
material itself. A Kansas Highway Patrolman
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also attempted to obtain radiation readings in
the area but was unsuccessful. No other
radiation levels were obtained in the area and
the previous readings could not be confirmed
because it had started raining.

The truck driver and passenger, with
unknown and undetermined injuries, were trans-
ported by ambulance to the hospital. Assistance
was requested from the McConnell Air Force Base
Disaster Preparedness Office and they sent an
officer with survey equipment to the hospital to
perform contamination surveys. The truck
driver, passenger, ambulance personnel and
ambulance were found to be free from contamina-
tion. The truck driver and passenger were
treated for their respective injuries. The
passenger did not exhibit any signs of injury
and was held over night for observation and then
released. The truck driver had a couple of
cracked ribs and minor cuts and a few bruises.
He was hospitalized for about three days and
then released.

The Sedgwlck County Fire Department and
the Hazardous Materials Response Team estab-
lished a control line about 30.5 m (100 feet)
from the site. The traffic was able to be
detoured around the site on the eastbound lanes
of 1-235. Since it was raining the decision was
made to cover the material with plastic to
lessen the possible dispersal from the site.

The shipping documents were recovered from
the cab of the semi tractor and it was found
that the contents were indeed radioactive
material and listed as Radionuclide U-238
Uranium Ore Concentrate Powder 3,700 mega
Bequerels (MBq) (0.10 curies) per drum. The
shipment contained 54 drums 19,859 kilograms
(kg) (43,782 pounds) gross weight of which the
net contents were 18,595 kg (40,996 pounds).
The Uranium "Yellow Cake" was being transported
by Salt Creek Freightways, Casper, Wyoming from
Petrotomics Company, Shirley Basin, Wyoming to
the Kerr-McGee Nuclear Corporation, Sequoyah
Refining Facility, Gore, Oklahoma for further
processing.

The Sedgwick County Civil Preparedness
Communications Director notified all three
companies about the accident. He also contacted
Chem-Trec, the national agency that provides
information about hazardous materials.
Chen-Tree confirmed that the material was not
dangerous to persons in the area. The communi-
cations personnel notified the Kansas Division
of Emergency Preparedness, the Kansas Adjutant
General's Office and the Kansas Department of
Health and Environment (KDHE) about the
accident.

The KDHE, Bureau of Radiation Control
(BRC) Radiation Protection Specialist from the
Wichita Office arrived about 9:30 a.m. and
assessed the area. He was appointed site
commander by the Civil Preparedness Agency
jecause KDHE would ultimately be in charge of
the accident area for clean up purposes. The
decision was made to cover the area with more
plastic because it was raining. Since the
accident occurred in a construction area (bridge
and highway), a workman from the nearby
construction crew was requested to use his

bulldozer to construct several bar dikes or
dams in the median and ditch to contain the
material and water run-off from the contaminated
area. More plastic was brought to the scene to
cover as much material as possible to lessen the
run-off or dispersal from the scene.

There was considerable discussion between
the Radiation Protection Specialist at the site
and KDHE Topeka Office to fully r^sess the
situation. The rain continued, the dikes and
dams had been constructed and the material
was covered with plastic, therefore it was
recommended that the area be kept secured and
static until a Health Physicist from KDHE Topeka
Office arrived at the site. The author was
directed to proceed to the site, take over
command and supervise the activities necessary
to clean up the site.

Arriving In the early afternoon the
accident scene was assessed and surveys were
conducted. The radiation levels . found were
less than 1.43 X 10 C kg s (2 mr/hr)
around the area. Because of the low radiation
level from Uranium Yellow Cake, the radiation
exposure to personnel did not need to be
considered or limited. Since Uranium Yellow
Cake is more hazardous chemically than
radiologlcally, dealing with the accident was
made easier. The initial assessment of the
accident site indicated that of the 54 drums
total, 28 drums were undamaged. The remaining
26 drums were damaged to some extent. There
were 13 of these drums with their lids off and
about 907 kg (2000 pounds) of Uranium Yellow
Cake spilled in the trailer, ditch and on the
highway. Representatives from the carrier,
shipper, a consulting firm specializing in
radioactive splllf, the insurance carrier and a
hazardous materials company arrived over the
next several hours. After several discussions
and more surveys, a plan of action was formu-
lated to obtain a barrel loader to pick up the
drums, load them on another trailer and ship
them to Gore, Oklahoma. Control lines were
established around the site to prevent the
further spread of contamination and limit the
access of personnel to the site. Security lines
were established about 30.5 m (100 feet) from
the control lines. This was done to provide an
additional buffer area and was very valuable In
limiting personnel access. Discussions were
held concerning procedures to be followed and it
was decided that there needed to be some
flexibility in establishing these as changes
would be necessary.

The clean up started with a new semi
tractor and trailer being brought to the site
and parked outside of the control line. The
trailer was lined inside with plastic and the
undamaged drums were picked up, inspected and
loaded. The remaining damaged drums were also
picked up, wrapped in plastic and loaded on the
trailer.

Two wreckers were brought to the site to
upright the semi tractor and trailer. During
the time that the wreckers were positioning
themselves and attaching cables to the semi
tractor and trailer, there was a wind shift
from a north-easterly direction to a west
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northwesterly direction. This placed the
command center and support vehicles downwind
of the site. Operations were halted while the
command center and support vehicles were moved
from the east side of the accident site to the
west side placing them upwind from the site.
The traffic detoured over the eastbound lanes of
1-235, around the site, was stopped for a period
of 10 minutes while the semi tractor and trailer
were uprighted. There was a cloud of yellow
cake dust raised that traveled in a
south-easterly direction over the east bound
lanes of the highway and the area where the
command center and support vehicles had been
previously located. This cloud dissipated very
quickly and no measurable evidence of contami-
nation was found in the area traversed by the
cloud. The east bound lanes of 1-235 were
reopened and traffic was allowed to proceed
around the site.

The clean up progressed rather slowly for
the next several days as the crew attempted to
recover and pickup as much of the spilled
material as possible. This material was placed
into barrels for transport back to the
Petrotomics Company Mine, Shirley Basin, Wyoming
for reprocessing. There were a number of
problems associated with the clean up, most
of which were beyond anyone's control. The
weather was most uncooperative as we experienced
snow, drizzle, sleet, rain, strong- winds and
cold temperatures for several days. During
breaks in the weather, surveys were conducted of
the area and contaminated areas were outlined
with red flags. The surveys were conducted
utilizing modified Civil Defense Geiger Mueller
(GM) survey instruments. The modification
consisted of replacing the side window GM tube
with a thin end window GM tube, thus increasing
the instruments' sensitivity. Soil and water
samples were collected around the perimeter of
the marked contaminated area. These samples
were sent to the KDHE laboratory for analysis
for confirmation of the contaminated area.

Part of the crew, after briefing, started
to decontaminate the semi tractor and trailer.
The tractor was relatively easy to decontaminate
by washing with water. The contaminated water
was diverted from the roadway to a diked area in
the median. This was done for the ease of
removal of the water. The trailer, however,
proved to be a much more formidable task in that
material had become lodged between the flooring
and wooden sides. Several attempts were made to
decontaminate the trailer by sweeping, vacuuming
and washing without success. The decision was
made to remove the interior sections of the
trailer, decontaminate them to the extent
possible and wrap them in plastic prior to
shipment back to Wyoming.

Very tight security was maintained during
the esitire operation with the insurance company
contracting for a private security force.
Those individuals necessary for the clean up
operations were allowed and authorized ir. the
area. The personnel working in the area where
dust or airborne particles posed a problem were
required to wear respirators and protective
clothing.

When the weather broke, a very thorough and
careful survey was conducted of the area to
identify and outline the area of contamination.
Red flags were used to thoroughly mark and
outline the area. Several soil and water
samples were collected and analyzed for uranium
concentration. Upon receipt of the data, the
magnitude of the contamination was more clear
and was rather extensive. There were several
discussions held over the next few hours in
order to outline the direction of the operation.
It was determined that it would be necessary to
pick up and dispose of a large volume of soil
and water. The clean up crew decided that large
holding tanks were needed for the water, pumps
and tankers would also be needed to pick up and
transport the contaminated water. The contami-
nated soil would need to be moved and handled
with a bulldozer, road grader and backhoe. The
water could be hauled in transport tankers for
disposal and the soil would need to be packaged
in drums prior to its transport for disposal.
The water and soil would be transported back to
the Petrotomics Company mine for reprocessing.
The water was pumped from the diked areas by
means of a slurry pump into a .transport truck.
This fruck load of about 3.79 m (1,000 gal) was
then transferred Into the large holding tank.
This process continued until all of the water
had been picked up from the diked.areas. Large
transport tankers, about 15.14 m (4,000 gal)
each were used to haul the contaminated water
back to Wyoming.

The bulldozer was used to push the contam-
inated soil from the ditches and median Into
several piles for ease of removal. The contam-
inated soil was picked up by hand in areas of
the ditch and median that were too wet for the
use of a bulldozer. Soae of the crew put on
rubber boots and walked out on boards, placed
over the extremely soft: areas and with shovels
removed the contaminated soil. The shoulders of
the ditch and median were bladed several times
with a grader to remove the contaminated soil.
Each pass with the grader removed about 2-3 cm
(1-1.5 in) and this continued until there was no
evidence of contamination remaining. In some
areas along the shoulder, it was necessary to
remove 15-20 cm (6-8 in) of the soil in order to
get all the contaminated soil.

The contractor, for this construction
area, designed a "nuclear grade barrel filler"
from a cement bucket for use in filling the 2.1
X 10 a (55 gal) drums with the contaminated
soil. The contractor had four tubular legs
welded to the cement bucket so that each drum
could be positioned under it for filling. The
backhoe was used to pick up the contaminated
soil from the ditch and median dumping it into
the cement bucket for loading into the drums.
The drums were filled one at a time by this
method. They were then wheeled by a hand truck
to an area where they were surveyed and decon-
taminated if necessary. As the drums were
identified as clean they were moved to a clean
area ready for loading. The drums were loaded
two at a time, by means of a barrel loader,
onto a semi tractor and trailer rig for
transport back to Wyoning. An individual load



42

consisted of about 70 drums each of which
weighed 272 kg ,(600 lbs) and contained about
0.085 mJ (1/3 yd ) of dirt.

Upon picking up and removing the contami-
nated soil and water, the final soil samples of
the area indicated a residual concentration of
1.11 mBq-5.18 nBq/gm (0.3-1.4 pCi/g). This
compared very favorably to the 2.5 mBq/g (0.67
pCi/g) average for naturally occurring uranium
238 found in the soil in the surrounding area.

The soil and water were all shipped to the
mine in Wyoming for reprocessing and recovery
of the Uranium Yellow Cake. This was done
because they were considered a resource since
the concentration of uranium in the water ranged
from 592 Bq/in (16 pCi/1) to a high of 2.8 M
Bq/m (75,853 pCi/1) and in the soil it ranged
up to 20.5 k Bq/m (555 pCi/1).

Decontamination of the heavy equipment
namely the backhoe, bulldozer and road grader
was formidable in that several successive
scrubbings and washings were necessary over
several days in order to accomplish the task.
The most arduous, however, was decontamination
of the str.-1 bridge girders that were on the
shoulder of the highway. Yellow cake powder
had been spilled on these, since they were very
close to the overturned vehicle. The girders
were picked up individually, surveyed, decon-
taminated and then placed on plastic in a clean
area. They were also covered with plastic to
prevent any possibility of recontamination. The
decontamination process was very slow and
covered several days before all the equipment
was cleaned. Only the road surface remained
which was almost as difficult to decontaminate
as the girders. Numerous scrubbings and
washings were done on the road with very little
success. Detergents, liquid soap dilute
hydrochloric acid and various other solvents
were tried, but were not effective. Finally a
hydrolazer (hig:< pressure spray) system was
utilized and the decontamination of the road
surface was accomplished. All of the equipment
was decontaminated to the limits of : a) 5000
disintegrations per minute (D/M)/100 cm fixed
alpha, b) a maximum of 15,000 D/M/100 cm fixed
alpha and c) 1,000 D/M/100 cm removable alpha
prior to being released from the site.

Air sampling was conducted during the
operation and no significant air concentrations
were observed. The filter cartridges from the
face respirators were analyzed of the workers
performing decontamination techniques and the
concentrations ranged from 2.3 Bq
(61.6 pCi)/filter to 5.3 Bq (141.8 pCi)/filter.
Urinalysis bioassay was done on 29 individuals
associated directly with the clean up opera-
tions. The maximum bioassay result was 31 Hg
Uranium (U)/liter. This level is less than 24Z
of the recommended action level of 130
ugU/liter for a single uptake on a biweekly
sampling program. The personnel dosimetry of
those individuals utilizing such did not record
any significant exposures above that of back-
ground. There were about 24 water samples and
65 soil samples collected and analyzed over the
course of the clean up.

In summary, the clean up decontamination

operations covered a period of 12 days under
some adverse weather conditions. Both the
driver and passenger completely recovered from
their respective -injuries. There were about
700-2.1 X 10 ni (55 gal) drums of soil and
seven tanker trucks of 106.12 m (28,000 gal) of
water were removed from the site. Several
attempts were necessary prior to the successful
decontamination of some of the heavy equipment,
girders and road surface. The cooperation of
all the parties during the entire operation was
very good.

The area was decontaminated to the level
established by the state. The entire site was
officially released from state control at
6:40 p.m., April 2, 1979. The State Highway
Department reopened the highway to traffic the
next morning.
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Aerial Survey Efforts in the Search for Radon-Contaminated Houses
in the Reading Prong Area Near Boyertown, Pennsylvania

Raymond A. Hoover and Dennis E. Mateik

ABSTRACT At the request of the Common-
wealth of Pennsylvania, the Department of
Energy requested EG&G Energy Measurements
to fly an aerial radiological survey over
a portion of the Reading Prong near
Boyertown, Pennsylvania. The survey goal
was to help locate regions where buildings
contained elevated levels of radon gas. A
250 km2 area was surveyed. A number of
sices were located. These sites
correlated fairly well with known geologic
faults in the area.

In December of 1984, the home of
Stanley Watras in Boyertown, Pennsylvania,
was found to contain excessive amounts of
radon gas. The Commonwealth of Pennsyl-
vania's Department of Environmental
Resources (DER) requested assistance from
the U.S. Department of Energy (DOE) In
locating regions with high probability of
containing houses with excessive amounts
of radon.

In order to respond to emergencies of
this nature, the DOE maintains a Remote
Sensing Laboratory (RSL) In Las Vegas,
Nevada, and an extension facility in
Washington, D.C. The RSL is operated for
the DOE by EG&G Energy Measurements, Inc.
(EG&G/EM), a contractor of the DOE. One
of the aajor functions of the RSL is to
manage an aerial surveillance program
called the Aerial Measuring Systems (AMS)
(Jobst, 1979). Since its inception in
1956, the AMS has continued a nationwide
effort to document baseline radiological
conditions surrounding nuclear facilities
of interest. These facilities Include
nuclear power plants, nuclear materials
processing plants, and research
laboratories employing nuclear materials.
At the request of federal or state
agencies, and by direction of the DOE, the
AMS is deployed for various aerial survey
operations. In response to the
Commonwealth of Pennsylvania's request,
AMS was deployed to conduct an aerial
survey of a portion of the Reading Prong

near Boyertown, Pennsylvania. The EG&G
survey team was tasked with determining
which areas in the survey area were most
likely to contain houses with excessive
amounts of radon, and reporting this
information to the local DER officials as
rapidly as possible.

II. RADON

Radon is an odorless, colorless,
radioactive gas which is produced by the
radioactive decay of radium. Radium is
part of both the uranium and thorium decay
chains, two widely distributed, naturally
occurring, radioactive materials. Radon
decays by emitting an alpha particle.
Long term exposure to elevated concentra-
tions of radon is considered to be a
health hazard.

The movement of radon gas from its
point of formation in a soil or rock into
a building is controlled by many factors.
Chief among these are the ability of the
radon atom to escape from the interior of
the mineral grain of the soil or rock
where it was formed, its diffusion and
transport through permiable rock and soil
(Tanner, 1964) and its ability to
penetrate the walls and basement of a
building (Fleischer and Turner, 1984).
The buildup of radon in a building is
further controlled by its ability to
diffuse out of the house. Since radon is
transported slowly through soils,
radon-222 (Rn-222, half-life of 3.8 days)
is the isotope which is mostly found in
buildings. The other two naturally
occurring radon isotopes (Rn-219 and -220)
have half-lives which are too short to
permit either isotope to accumulate in
sufficient amounts to cause any concern.

III. SURVEY SITE DESCRIPTION

I n i t i a l l y , i t was decided that an
area of approximately 9 square kilometers
(km2) (4 square miles) would be surveyed.
t h i s area was flown at an altitude of 30
meters (100 f t ) and at a line spacing of
45 meters (150 f t ) . This survev was
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roughly centered on the Stanley Watras
house in both the north-south and
east-west directions. At the conclusion
of this survey it was decided to increase
the size of the survey area to about 250
ko2 (100 square oiles). At the same time,
it was decided that a higher altitude and
a wider line spacing would not seriously
degrade the data quality and would also
shorten the survey tine. The new altitude
was 60 oeters (200 ft) with a line spacing
of 90 neters (300 ft). The new survey
area was to be roughly centered on the
Boyertown Reservoir and was to include all
of the townships of Earl and of
Colebrookdale, which Includes Boyertown.

The Reading Prong is a large geologic
formation composed mostly of roetamorphised
precambrian rocks, whose western edge
starts in the vicinity of Reading,
Pennsylvania, and stretches several
hundred kilometers in a Northeasterly
direction. Parts of the Reading Prong are
found in Pennsylvania, New Jersey, and New
York; Boyertown lies on a small lobe which
drops down from the naln axis of the
formation. In many places the Reading
Prong contains rock formations chat are
enriched in uranium and thorium.

IV. AERIAL MEASUREMENTS

Measurements of the total count rates
and the energy spectrum of gamma radiation
were made on each of the flight lines at
one second intervals. The gamma rays were
detected by eight thallium-activated
sodium iodide, Nal(Tl), scintillation
crystals mounted in external cargo pods on
a MesserBchmitt-Bolkow-Blohm (MBB) BO-105
helicopter. Each Nal(Tl) crystal was 40
cm x 10 cm x 10 cm In size. Helicopter
ground speed was about 36 meters per
second. Altitude was monitored by a radar
altimeter. (Jobst, 1979; Fritzsche, 1982)

Scintillation pulses from the eight
detectors were electronically sunned and
routed to the Radiation and Environmental
Data Acquisition and Recorder (REDAR)
syatea on board the aircraft.

The system's ability to detect an
isotope on the ground depends on several
factors. These include the system's
geometry and the source's strength and
distribution. System geometry includes
effects due to the detector efficiency,
collimation, and the movement of the
helicopter. These combine to Halt the
ability of the system to precisely locate
a point source. Source distribution will
affect the system sensitivity because the
spectra collected are averaged over the
detector's field of view.

The REDAR system is composed of
several microprocessor-based subsystems.
The control subsystem collected and
formatted gamma ray spectral data from the
detector system. It also collected
aircraft positional data and system live
time Information. Records containing four

one-second data polntB for these
parameters were stored on magnetic tape
every four seconds. The tape subsystem
consisted of a microprocessor and a dual
magnetic cartridge digital recorder.
Radiological data, along with selected
operational parameters, were presented in
real time on the CRT's of the on-board
display subsystem.

The helicopter position over the
survey site was determined by two systems:
an ultrahlgh frequency ranging system
(URS) and the radar altimeter. The URS
consisted of two remotely located
transponders and an on-board interrogator.
The on-board interrogator used the transit
time of the UHF pulses from the trans-
ponders to obtain the distance from the
aircraft to each remote unit. This
Information was then used to precisely
determine the helicopter's position in the
survey area. The radar altimeter measured
the aircraft altitude above ground level
in the same manner. Position and altitude
information were processed in real time by
the steering microprocessor. These data
provided steering indications to the pilot
for flying the predetermined flight lines
at the desired altitude. Positional data,
gamma ray spectral data, atmospheric
pressure, and temperature were all
recorded on magnetic tape.

The magnetic tapes with the recorded
data fro* the aerial radiological survey
were processed after each flight with the
Radiation and Environmental Data Analyzer
and Computer (REDAC) system. This
computerized data analysis system was
built Into an Airstream motor home which
was modified to carry the REDAC.

V. DATA ANALYSIS

Data from the helicopter flights were
analyzed while in the field and the
results were reported to members of the
Pennsylvania DER team who were conducting
the ground-based building measurements.

Data analysis for the Initial low
altitude survey was complicated by a
broken radar altimeter. A replacement
could not be obtained for several days.
Half of the low altitude survey was flown
without the radar altimeter. At that
altitude there are many visual references
for the pilot to key in on and, therefore,
It was felt that the pilot could maintain
the altitude with a fair degree of
accuracy. It was also important that the
aerial data be gotten to the DER personnel
as rapidly as possible. Another major
complicating factor during the survey was
the weather. During the course of the
survey, it snowed three tines and rained
heavily once.

The presence of varying amounts of
snow and rainwater on the ground makes
comparison of the data on a day to day
basis difficult. Normally, an exposure
rate contour map of an area would have
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been prepared. The exposure rate values
would have been derived from the gross
count rates due to te r res t r ia l gamma ray
emi t t e r s by summing the counts In each
channel of each spectrum between 0.040
and 3.0 MeV. These resu l t s would then
have been converted to exposure rates at
one meter above ground by application of a
predetermined conversion factor. The
presence of snov or rainwater on the
ground will change the spectral shape and
the count rates due to attenuation. It is
possible to correct for the presence of
the rainwater or snow (Fritzsche, 1982)
but making these corrections are time
consuming and were not done. Ins tead,
contours of standard deviations above the
background were plotted. For this purpose
an average count ra te and the standard
devia t ions of the count ra te for each
d a y ' s f l i gh t were found. These values
were then used to set the contour plot
levels. At the end of the survey mission,
the levels from each day's flights were
normalized to an arbitrary reference value
to give continuity to the contour l ines.

VI. RESULTS

Figure 1 shows the locations where
the count rates are at least two (2)
standard deviations above the background.
The dashed lines indicate the approximate
locations of known faults in the Reading
Prong (as obtained from Geologic Map of
the Precambrian Rocks and Hardyston
Formation of the Boyertown Quadrangle,
Berks County, Pennsylvania, Department of
Internal Affairs, Atlas 197).

Many of the high count regions can be
seen to correspond with the approximate
locations of the faults as indicated by
the geologic nap and with high elevations.
A number of high count regions do not seem
to correspond to any Indicated fault line.
This may be due to the presence of unknown
faults. The area of high counts which
contains the Stanley Watras House is among
these areas (Site 1 in Figure 1). A
number of houses in this area were found
to also contain elevated concentrations of
radon gas by the DER ground searchers.
The correlation of the high count regions
with elevation is probably due to uranium
bearing rocks being closer to the surface.
The areas of high counts in the far
western side of Figure 1 are located

outside of what is considered to be the
Reading Prong boundaries. Spectra of
those areas which do not correspond with
fault lines show only the presence of
members of the uranium and thorium decay
chains.

VII. SUMMARY

A portion of the Reading Prong was
surveyed by air in an effort to locate
areas which would have higher proba-
bilities of containing radon with
excessive radon levels. A number of these
areas were located. Most of these areas
corrolated with known faults in the
Reading Prong. The land around the
Stanley Watras house was identified as a
site of increased probability of contain-
ing excess radon levels. A number of
buildings in this area were subsequently
identified by the DER ground searchers for
further study. No information has been
released on the other areas identified as
being likely to contain houses having
elevated radon levels because of an
agreement not to divulge the information
which the Commonwealth of Pennsylvania
made with the owners of the buildings
which were inspected.

This work was performed by EG6G/EM
for the United States Department of
Energy, Office of Nuclear Safety, under
contract Number DE-AC08-83NV10282.
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Emergency Planners, Look Back at TMI-2
Robert L. Long

ABSTRACT. This paper looks back at
emergency preparedness and response lessons
learned while going through the TMI-2
Accident crisis. It is based on the
author's active role as a GPU response team
participant and on the results of a two-day
workshop conducted by GPU Nuclear to assess
the lessons learned, both from the accident
and the evolution of emergency preparedness
programs following the accident.
Generally, the focus is on areas not
covered in depth by various regulatory
requirements and guidelines.

Emergency preparedness at nuclear
power plants changed dramatically following
the TMI-2 Accident. NRC and FEMA
regulations and guidelines imposed
extensive new requirements. And it is
generally believed that, as an industry, we
are far better prepared to handle nuclear
power plant emergencies than was General
Public Utilities/Metropolitan Edison in the
Spring of 1979.

However at GPU Nuclear, the new GPU
company which now operates the TMI and
Oyster Creek Nuclear Generating Stations,
we believe that a periodic look back at the
events of the TMI-2 accident is an
effective reminder of the bases for all the
new emergency preparedness requirements.
We also find that some of the important
lessons we learned are not necessarily
captured in guidelines and regulations.

For example, radiological support
activities both on and off-site identified
the difficulties of developing and
maintaining high quality, retrievable
records. Particularly, during the first
several days of the accident, in-plant

radiological conditions were changing
dramatically. The survey records being
kept often failed to note the date and
time that measurements were made.
Sometimes the description of the location
was also too general to really allow
other individuals to determine the source
of the radiation hazard. Thus, we
continue to place strong emphasis in rad
tech training on the need to develop and
maintain clear and accurate records.

In fact, the subject of records of
all kinds was a major concern after the
accident as we tried to determine the
sequence of events. Thus, we emphasize
the need to keep accurate logs, telephone
conversation records, data sheets, check
lists, etc. such that events can be
recreated. Operators and technicians are
reminded of the importance of placing
accurate time narks on strip charts and
noting chart drive speeds. Periodically
we have an independent group develop the
sequence of events of an emergency
preparedness drill scenario using the
records kept by the drill participants.
This "records" scenario is then compared
with the detailed drill scenario data and
any problems are identified and
addressed.

During the first few days of the
TMI-2 accident several workers received
exposures in excess of 10CFR20 allowable
exposure limits. This has led to
extensive attention to and practice of
the post-accident radioactive liquid and
gaseous sampling techniques. Since noble
gas clouds are capable of giving dose
rates in excess of 100 rem/hr, and
primary water samples can also have very
high dose rates, it is also necessary to
have available teletectors and other high
range portable Instruments (up to 1000
rem/hr) to be able to properly perform
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radiation surveys under accident
conditions. Appropriately these activities
receive close attention from NRC inspectors
and Institute of Nuclear Power Operations
(IHPO) review teams.

During the THI-2 accident the ability
to handle the plant transient, which lasted
for a number of days, and respond to the
requirements for emergency plan
notifications and continuing demands for
updates on plant status and radiological
conditions placed unusual demands on the
plant staff. One senior manager told a
review committee that the plant staff had
practiced extensively on handling plant
transients at the simulator and on making
emergency plan notifications during
in-plant drills but they had never really
tried to do both at the same time. Thus,
our emergency preparedness drills at both
the simulator and the plant require the
staff to perform both functions and to
recognize and use the extensive support
capabilities now provided by the emergency
response teams.

As we have cone to understand the true
extent of the damage to the TMI-2 core, we
have emphasized the need for continuing
awareness and understanding by plant
operators, radiological control and other
technicians, and management to recognize
and accept the real possibility for a
core-damaging accident to occur. This
effort Is enhanced by the use of
symptoa-based emergency operating
procedures and simulator training which
focuses attention on maintaining core
cooling under a wide variety of transient
scenarios.

As is true for many utilities, the
majority of company engineers and
technologists who provide technical support
for the plant, both normally and during an
emergency, are located some distance from
the plant sites, in our case In Parslppany,
N.J., 100 and 150 nilea from the Oyster
Creek and TMI sites respectively. During
the first few days following Initiation of
the TMI-2 accident, most of these support
personnel, plus many others froa outside
the company, moved to the plant site and
set up temporary working arrangements,
e.g., In "Trailer City." As discussed in a
previous paper (Long, e£ al_ 1981), "the
working conditions, poor living conditions,
the seriousness of the situation, the
pressure of the exaggerated public
perception of the problems, the evolving
organizational problems, separations froa
and the need to reassure families, and the
urgent nature of the work assigned all
combined to place the technical support
personnel under great stress." Thus, our
present emergency plan includes facilities

with dedicated communications links -
telephones, telecopiers, and computer
terminals tied Into the plant process
computers - which permit and facilitate
the accomplishment of the technical
support by the staff while allowing them
to remain in their home office and home
environment. Provisions are made for
24-hour shift coverage of the support
activities. Personnel have ready access
to all of the needed resources - drawings,
technical manuals and references, computer
terminals and software packages.

It is generally acknowledged that
communications with the news media and the
public was very confusing and ineffective
during the first several days of the TMI-2
accident. More recently the Chernobyl
accident, while much more complicated with
respect to accessibility by the press, had
numerous examples of misinformation,
exaggeration and overreactlon to both the
real and potential dangers from the
radioactive releases. A large full-time
communications staff is now engaged at
GPUN in developing, fostering, and
maintaining effective relationships with
news media personnel and the public.
After several years effort, we now have
agreement for media representatives froa
the utility, county, state, and NRC to
operate from a coiwon, dedicated media
center. This permits on-the-spot
coordination and verification of
information released to the media and the
public. We also have trained technical
spokesman assigned to the media center to
work with the communications personnel at
Interpreting and making understandable the
emergency event Information.

Another related activity has been
persuasion of the technical personnel,
particularly operations and radiation
controls, of the need to provide timely
and accurate information to the
communications staff In the aedla center.
This is a particular challenge when these
plant personnel are focusing essentially
all of their attention on identifying the
causes of the emergency and taking steps
to correct and mitigate any adverse
consequences. Clearly, both the TMI-2 and
Chernobyl accidents emphasize the
Importance of providing accurate
meaningful information to the media and
public while the event Is ongoing. This
need la emphasized and practiced in every
emergency drill conducted at TMI-1 and
Oyster Creek Nuclear Generating Stations.

As technical support personnel froa
the GPU companies, as well as companies
and government organizations froa all over
the United States, began to arrive at the
TMI-2 site in the first few days following
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Initiation of the accident, major demands
were placed on security and training
personnel to maintain appropriate controls
while enabling rapid access to the site for
these hundreds of additional personnel. It
is essential to have in-place (or readily
available) facilities to check-in
personnel, perform rapid security checks,
validate previous radiological worker
training, provide rapid site
familiarization training, and Issue
appropriate badges, key cards, and
dosimetry. The need for an ability to
mobilize outside resources was again
clearly demonstrated during the Chernobyl
accident.

In the summer of 1983, GPU Nuclear
conducted a two-day workshop to review and
identify the lessons to be learned from the
TMI-2 accident and the whole realm of
activities evolving In the aftermath of the
accident. The results of this workshop,
including 95 lessons learned statements and
associated questions to evaluate the
effectiveness of the responses to each
lesson learned statement were reported in
Long, 1985. One whole section of the
workshop was focused on emergency
preparedness. This section and the others
associated with operators, radiological
controls, maintenance and technical and
other support are periodically reviewed to
determine whether GPU Nuclear is
maintaining the required readiness to
respond to any emergency at our nuclear
generating stations.

A recent review of these GPUN lessons
learned indicates that many of them are
reemphasized by the Chernobyl accident
(DOE, 1986). While the Russian report 1B
very sketchy with regards to the extent of
emergency planning and effectiveness of
implementation of any plans, we need to
continue to seek information which will aid
us In being prepared to handle any
emergency which may occur at any nuclear
power plant. The viability of nuclear
power as a contributor to the world's
future energy needs depends on our ability
to look back at TMI-2, and now Chernobyl,
and learn our lessons well.
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Source Terms Derived from Analyses of
Hypothetical Accidents, 1950-1986

William R. Stratton

ABSTRACT - This paper reviews the history of
reactor accident source term assumptions. After
the Three Mile Island accident, a number of
theoretical and experimental studies re-examined
possible accident sequences and source terms.
Some of these results are summarized in this
paper.

Subsequent to the developments during World
War II, the Atomic. Energy Commission (AEC) was
required to site, construct, and operate new
production reactors. To obtain advice on how
best to solve the policy and technical problems
involved, a Reactor Safeguards Committee was
created. This committee issued a Summary Report,
WASH-3, (AEC, 1950) which advised the AEC on the
hazards involved and on siting policies.

The assumptions in WASH-3, relative to
escape of fission products (the source term),
were uncomplicated; they simply assumed that most
of the fission products become airborne sub-
sequent to an accident. This was stated in one
place "as practically the total fission product
content of the pile," or, in another section,
stated as, "assume that ...50% is present in the
radioactive cloud." These releases, then, along
with various atmospheric diffusion assumptions,
served to define hazards as a function of
distance from the reactor. Later publications
(e.g., Weil, 1955; Parker, 1955; McCullough,
1955) in the early 1950s made comparable as-
sumptions about the release of fission products.
In none of these analyses was the release
considered mechanistically, taking into account
the chemistry of fission products, reactor
design, confining buildings, etc.

In 1956, the AEC and the Joint Committee on
Atomic Energy recognized the inevitable large-
scale application of nuclear energy for the
production of electricity, and they undertook a
study to gain a more comprehensive understanding
of the potential public hazards of nuclear power
reactors. This study became The Theoretical
Possibilities and Consequences of Major Accidents
in Large Nuclear Power Plants, WASH-740, (AEC,
1957).

This study created what the Nuclear Regula-
tory Commission has described as hazard states
rather than severe accident analyses. Three
cases were considered, each arbitrary and with no
discussions of sequence of events, chemistry,
structural retention, etc. In Case A, the

containment is assumed to remain intact (and
tight), and hazard to the public derives only
from direct radiation from the building. In Case
B, the volatile fission products (noble gases,
halogens, and 17. of the strontium) are assumed to
be released from containment, but all others
remain within the protective shielding. Case C
is the most severe hazard state, and the release
of 50% of the core inventory is postulated.
These cases are summarized in Table I.

The Windscale reactor accident on October 9,
1957 (Morowitz, 1981; Clark, 1974; Stewart, 1958)
had a significant influence on later studies and
on the development of nuclear reactor regulations
by the AEC. This United Kingdom reactor was a
natural uranium metal, air-cooled, graphite-
moasrated, plutonium-production reactor. The
temperature of the graphite in this reactor was
sufficiently low that, as it absorbed neutron and
gamma-ray energy, it tended to grow in volume and
become distorted. This energy storage effect was
first identified by Dr. Eugene Wigner and, hence,
is sometimes called "Wigner energy" or "Wigner's
disease."

On October 7, 1957, procedures to release
the "Wigner energy" were started at Windscale,
but the annealing operation did not go smoothly,
as had been the case in the eight previous
attempts. For a complicated set of reasons, the
heating of the graphite was not controlled
adequately, and by October 9 (10:00 p.m.), one
graphite thermocouple indicated such a high
temperature that the pile physicist was required
to allow air flow through the core to cool the
graphite. The situation continued to deteriorate
until, on October 10, increasing amounts of
radioactivity were recorded in t>->. 400-ft stack,
and the fuel was presumed to be burning. When
the fire could not be controlled by injecting
carbon dioxide, it was finally quenched on
October 12 by flooding the reactor with water.

Because the fuel became very hot and the
accident extended over several days, the escape
of fission products was significant. The
assessment of the amount of radioactivity that
escaped to the environment is given in Table II,
along with the estimated inventory in the 150
channels in the core that became hot. These rtata
are taken from "Long-Range Travel of the Radio-
active Cloud from the Accident at Windscale",
(Stewart and Crooks, 1958).
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Table I. WASH-740 hazard statosa

Containment

Release

(Source

Tern)

Hazard

Case A

(Contained)

Tight

0.0

Radiation from

containment

Case B

(Volatile

Release)

Fai led

100% Xe,

Kr, I, Br;
1* Sr

Airborne

activity

Case r.

(Release of 50%

ot Inventory)

Failed

50% Fission

Product

Inventory

Airborne

activity

aAEC. (WS7).

Table II. Release during Uindscale accident'1

Isotope

8 5Kr

89Sr

9 0Sr

9 7Zr

106Ru

1 2 9 ^

132To

131,

131m
I

1 3 3Xe

" 7 C S

""ce

Inventory

(150 channels, Ci)

275,000

11,500

32,000

161,000

162,000

12,300

7.18,000

Release

(Ci)

1,600

80

2

l>60

80

684

12,000

20,000

1,754

333,600

600

80

Percent of
Inventory

0.03

0.02

0.2b

7.4

12.3

4.9

0.04

aStewart and Crooks (1958).

The amount of iodine that escaped from the
core was at least twice the listed value; between
20,000 and 30,000 Ci are mentioned as being
deposited on the filters. The amount of cesium
retained by the filter also was comparable to
that which escaped to the environment. The
estimates of this deposition were 800 to 1000 Ci.
Thus, between 11.3Z and 13£ must have escaped
from the core. The chemical form of this iodine
is not known, but most was either gaseous or
adsorbed on very small particles. This escape of
iodine can be explained if the hot, dry, oxi-
dizing environment is recognized.

In 1960, the Advisory Committee on Reactor
Safeguards and the AEC staff (ACRS, 1960; Beck,
1960), both commenting on procedures, assump-
tions, and rules being developed to license
nuclear reactors (and other facilities), used the
phrase, "source term," for the first time. The
definition given was "an arbitrary accident is

assumed to occur which results in the release of
fission products into the outermost buildings or
containment shell. About 1007. of the total
inventory of noble gases, 502 of the halogens,
and 1% of the non-volatile products are assumed
to be released (from the fuel). It is then
assumed that this mixture leaks out of the
outermost barrier at a rate defined by the
designed and confirmed leak rate." The recogni-
tion that iodine may be the most important
element against which to construct defenses is
clear.

These severe assumptions, modified only to
257. of the halogens, were incorporated into the
AEC document, TID-14844, Calculations of Distance
Factors for Power and Test Reactor Site
(DiNunno, 1962). In time, this document became
embedded in the federal regulations as a part of
the rules defining the criteria to which nuclear
reactors must be designed and constructed. The
success and high degree of acceptance of TID-
14844 has led to its use for the past 25 years
and its replication worldwide.

The Reactor Safety Study, WASH-1400, (Nf.C,
1975) was a major step forward in accident
evaluation. It clarified the meaning of risk and
made quantitative estimates of the probability
and consequences of each of the factors involved
in an accident. The study showed conclusively
that the public risk from even serious core-
damage accidents is small; comparisons were made
to other risks to which the public is exposed.
Even though rigorous analyses were involved,
where uncertainties existed, conservative
assumptions were made. Important among these
were the chemical forms of iodine and cesium.
Evidence (thermodynamic and experimental) existed
that the preferred chemical forms were cesium
iodide and cesium hydroxide, but this evidence
was not deemed sufficient to overcome the
accepted belief that iodine and cesium would
behave as gases or inert aerosols at high
temperatures. This neglect of the chemistry of
fission products, along with assumptions about
containment capability, led to high estimates of
the release of some fission products during
severe core-damage accidents. Accidents of
lesser severity (during which engineered safe-
guards survived and operated) led to much smaller
releases. Essentially all the risk is derived
from only the most severe core-damage accidents,
even though their probabilities were very small.
The full set of accidents was divided into nine
release categories for pressurized water reactors
(PWRs) and five release categories for boiling
water reactors (BWKs). These are summarized in
Table III.

The initial criticisms of WASH-1400 were in
the probability estimates for the several
accidents. More recently, the estimates of
release fractions for different accidents have
been very closely examined, and while, in
general, large reductions are found, the magni-
tude of the change is being debated.

The accident at Three Mile Island on March
28, 1979, was severe in terms of physical damage
to the reactor and trauma to the public, but the
release of fission products, except for noble
gases, was very small (Kemeny, 1979). The
accident was triggered at 4:00 a.m. by failure of
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Table III. WASH-l'tOO accident release categories3

Release Prob./ Fraction of Core Inventory Released to

Cat. Reactor- the Environment

Vr.

PWR1

PWR2

PWR3

PWR4

PWRS

WR6

PWR7

PHR8

PVR9

BWR1

BWR2

BWR3

miu

BWR5

"The
^The

9E-7h

8E-6

J.E-6

5E-7

7E-7

bZ-b

'.E-b

4E-5

UZ-k

l£-6

6E-6

2E-5

2E-6

1E-4

Xe-Kr

0 . 9

0 . 9

0 . 8

0 . 6

0 . 3

0.3

6E-3

2E-3

IE-6

1.0

1 .0

1 .0

O.b

5E-*

• I

0 .7

0.7

0.2

0.09

0.03

8E-*

ZE-5

1E-4

1E-7

O.U

0 . 9

0 . 1

8E-U

6E-11

Cs-Rb

O.U

0 . 7

0.2

0.0".

9E-3

8E-<«

1E-5

5E-4

6E-7

OA

O.b

0 . 1

SE-3

fcE-9

data are taken from NRC (197S)
common convention i s used, i . e

Te-Sb

0 . 4

0 . 3

0 . 3

0.03

5E-3

IE-3

2E-5

1E-6

1E-9

0 . /

0 . 3

0 . 3

t>t-l

8E-12

, App.
. , 3 X

Ba-Sr

0.05

0.06

0.02

5E-3

1E-3

9E-5

1E-6

1E-8

IE-11

0.05

U.I

0.01

6E-fc

8E-1U

V, p .

io-6 =

Ru

0.'.

0.02

0.03

:IE-3

6E-4

VE-5

1E-6

0

0

O.b

0.03

0.02

6E-1»

0

V-U.
• 3E-6.

La

3E-3

4E-3

3E-3

UY.-U

7E-i

IE--.

2E-?

0

0

5E-3

I.E-3

3E-3

1E-I.

0

the feedwater system which in turn caused the
turbine-generator to shut down, the PORV (relief
valve on the pressurizer) to open, and the
reactor to scram. The drop in system pressure
caused the high-pressure injection system to
start in 2 minutes, but the operators misinter-
preted the information available to them and
turned this system off at 4 minutes and 38
seconds. Some of the confusion was caused by
closed valves in the auxiliary feedwater system
(in violation of technical specifications).
These valves were opened at 8 minutes, thus
restoring a heat sink for the primary system, but
the emergency cooling was not restored to
operation for 3 hours and 20 minut.es. The main
coolant pumps were turned off at 1-1/4 and 1-3/4
hours.

By 6:00 a.m. fission products (probably Xe,
Kr) were detected in the containment building, at
6:54 a.m. in the auxiliary building, (causing a
station alarm), and by 7:24 a.m. they were
detected offsite (causing a general alarm to be
declared). Within the reactor vessel, the
situation worsened monotonically for about
3 hours (until 7:00 a.m.) when one main coolant
pump was activated briefly. Following this
injection of water, the condition of the core
again worsened steadily until 3 hours and
20 minutes into the accident (7:20 a.m.), when
the high-pressure injection system was restarted.
We now know that much of the core disintegrated
and some fuel melted or liquified a few minutes
before this time.

Fission products escaping from the hot fuel
into the water (or steam) in the core were
carried in the primary system flow. Some
remained, some were carried into auxiliary
building tanks by way of the let-down system, and
some escaped into containment by way of the PORV.
Between 2.5 X 106 and 13 X 106 Ci of xenon-133
(inventory 154 X 10°) were released from the
plant, but only about 15 Ci (inventory 64 X 10°)
of iodine were detected offsite. No metallic
fission products were found outside the contain-
ment and auxiliary building (Kemeny, 1979).

The fact thar a severe fuel-damage accident
occurred in a commercial nuclear power station,
the incredibly wide publicity given to the event,
and the surprisingly low release of iodine (and
no metals) relative to the noble gases, stimu-
lated the technical community to create a
research program of unprecedented magnitude. In
the United States, this program has been funded
by the Nuclear Regulatory Commission through the
national laboratories and their contractors,
through the Electric Power Research Institute
(EPRI), the Industry Degraded Core Rulemaking
Program (IDCOR), and through programs funded by
single utilities (New York Power Authority
(NYPA)/Risk Management Assoc.) and by architect
engineering firms [Stone and Webster Engineering
Gorp.(SWEC)]. Major safety-oriented experiments
have been completed at the Argonne, Sandia, and
Idaho National Laboratories, and theoretical
studies have been done by several organizations.

The theoretical studies have had the
objective of rcexanining the risk dominant
accident sequences found in WASH-1400 and
associated with PWR-1,2,3, and BWR-1,2,3. These
sequences involve postulated failures of piping,
of electric power, and selective failure of the
engineered safeguards (containment, containment
spray, cooling, emergency core cooling, etc.).
Because of redundancy and diversity, the prob-
abilities are low, but a de minimus probability
has not yet been defined and accepted. The
reexamination of these sequences has been
underway for several years.

A sampling of theoretical results from the
major U.S. study centers is given below. PWR
data are given first for several reactors from
various organizations, with BWR results
following. The notation insofar as is possible
is that of WASH-1400. Some explanatory notes are
added to clarify some of the inevitable
opaqueness. Generally, the tables are not a
complete representation of the organization's
efforts, and contain only a representative
sampling.

Table IV summarizes a recent EPRI publi-
cation relative to the Surry reactor. The S2C6
sequence did not lead to core uncovering.

Table V contains results that the New York
Power Authority and Risk Management Associates
calculated for the Indian Point-Ill plant.

The IDCOR program (IDCOR; 1984, 1986) has
reexamined a number of reactors and sequences in
detail. Some of their data are shown in Table
VI. The drains referred to are those between the
two volumes in the ice condenser. The IDCOR
program has been underway since 1981 and is
drawing to a close this year.
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Table IV. Calculated source terms for Surry (PWR)a Table V. Caculated source terms; lor Indian Point (PUN)*1

rission

Product

Croup

Fraction of Core Invontory Released to

Environment Touring Accident Sequences

Xe-Kr

I-l!r

Cs-Rb

Ba-Sr

Ku

La

<.K-3

2E-3

?.E-3

UK-U

•>K-U

5E-/

5F.-7

1.0

6E-2

6K-?.

ZE-2

8E-3

;.E-b

2E-S

0.0

0.0

0.0

0.0

0.0

0.0

0.0

"Hitman et al. (1985).
bFailure of secondary system steam relief valves, power

conversion system, and atixiliary feedwater system, with

failure to recover either onsite or offsite electric power

within about 1-3 hr following initiating transient which is

loss of power.
cDry; low pressure injection system check valve failure.

Flooding in Safeguards Building ignored; deposition in

building included.

'small loss of coolant accident (equivalent diameter 0.5-2

in) with failure of containment spray injection system and

containment failure due >n overpressure. Core remained

covered, spray operative. Same conclusion in Silberberg et

al. (1986), p. '.-b7.

d,.

Fission

Product

Groui*

Fraction of Core Inventory Released to

Environment During Accident Sequences

AB" mi.B' TMI.B'

Kr-Xe

Csl

CsOH

Tc

3E-6

9K-6

1.3E-6

2E-S

1./E-5

6.5E-9

u

3

.2E-6

.2E-6

.3E-9

aThese studies were completed in 19B3-198fc and quoted in

ANS (1984). Reexamination with improved codes is planned.

"Intermediate to large loss of coolant accident with failure

of electric power to engineered safety features.
cFailure of secondary system steam relief valves, power

conversion system, and auxiliary feedwater system, with

failure to recover either onsite or offsite electric power

within 1.-3 hr following an initiating transient which is

loss of affsito power.

Pump seal loss of coolant accident with other characteristics

as in footnote c.

VI. Calculated source terms for Zion and Sequoyah (PWRs)a

Fission

Product

Group

Fraction of Inventory Released to Environment During Accident Sequences

Zion Sequovah

TMLB'-BC TMLB'-6e Vd S?HK-6jf
f S2HF-fl

h

Xe-Kr

I-Br

Cs-Rb

Te-Sb

Ba-Sr

Ru

La

1.0

1.7E-3

1.7F.-3

2E-5

IE-5

1E-5

__

1.0

IE-?

1E-2

3E-4

6E-&

6E-4

__

1.0

8E-5

8E-5

8E-5

bE-5

1E-5

1.0

5E-<.

6E-4

3E-5

lE-"i

IF-5

1.0

IE-/.

IE-it

lE-i.

IE-5

1E-5

1.0

2E-5

7E-S

1E-S

1E-5

!E-b

1.0

1E-5

2F.-5

2E-5

1E-5

1E-5

0

1.0

l.ftE-2

1.6E-2

A-E3

5E-4

5E-'i

0

aData taken from IDCOR (1986).

Failure of secondary steam relief valves, power conversion system, and auxiliary teed water system, with failure to recover

either onsite or offsite electrical power within about 1-3 hr following the initiating transient, which is a loss of offsite AC

power. Containment failure due to overpressure.
cSame sequence as described in footnote b with containment failure resulting from inadequate isolation of containment openings and

penetrations.
dLow pressure injection system check valve failure.
eSame sequence as in footnote b except containment failure due to overpressure.

Small loss-of-coolant accident (equivalent diameter of O.S-2 in) with failure of emergency core cooling recirculation system and

containment spray recirculation systems. Containment failure due to overpressure, Drains blocked.

£same sequence as describe*! in footnote f with drains opc#i.

''Same sequence as describe^ injfootnote f with containment failure resulting from inadequate isolation of containment openings and

penetration!;. Drains open. I f [
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Table VII is a small sample of the PWR work
completed by the Stone and Webster Engineering
Corporation. In addition, a number of parametric
studies of the effects of different physical and
chemical parameters and their importance in
source terms evaluation has been published in the
ANS Report of the Special Committee on Source
Terms (ANS, 1984).

Table VII. Calculated source terms for Surry (PWR)a

Fission
Product
Croup

Fraction of Core Inventory Released to the
Environment During Accident Sequences

AB-BD

1 Ft2
AB-6C

1 ft?-
THLB'-P"

1 f t 2

Kr-Xe

I
Cs
Te

b

6
3

.4E-2

.3E-2

.9E-2 1.9E-3

1.5E-2
1.3E-?
6.4E-2

IE-2
1E-2
6.5E-3

aData taken from ANS (1984).

Intermediate to large loss of cooling accident with failure

of electric power to engineered safety features.

Containment failure results from inadequate isolation of

containment openings and penetrations.
cSame sequence as footnote b, except containment failure at

24 hrs. due to overpressure.

Failure of secondary steam relief valves, power conversion

system, and auxiliary feedwater system, with failure to

recover either onsite or offsite electric power within

about '.-3 hr following an initiating transient whxch is a

loss of offsite AC power. Containment failure results from

inadequate isolation of containment openings and pene-

trations.
eLow pressure injection system check valve failure. A

decontamination factor of 50 was assumed for piping aitd

water in the safeguards building. Decontamination by

building structures was not considered.

Table VIII. Calculated source terras for Surry (Pifl?)

Fraction of Core Inventory Keleased to the
Fission Environment During Accident Sequences
Product
Group

S-jG3 '13 AGC TMLB l d> e T M L B ' e > f V d ' S V d >"

S2G

Xe-Kr

I 0.0

Cs

Te

Sr

Ru

La

0.0

0.0

0.0

0.0

0.0

0.57

0.57

0.47

4.7E-3

8E-7

1.6E-4

0.2

0.2

0.1

2E-2

JE-3

.E-4

4.6E-2

3.9E-2

0.11

0.3

0.3

6E-2

5E-3

2E-7

3E-4

5E-2

4E-2

9E-3

1E-3

4E-8

5E-5

0.0

0.0

0.0

0.0

0.0

0.0

aData from Denning et al. (1986).

Small loss of coolant accidents (equivalent diameters less

than about 6 in.) with failure of the containment heat

removal system. Containment is tight; no failure predicted.
cInteraediate to large loss of coolant accident with failure

of containment heat removal system. Steam generator fails

due to hot leg break. Containment fails at 50 hr.
dData from Silberberg et al. (1986).
eFailure of secondary systea steam relief valves, auxiliary

feedwater systen, and power conversion system with failure to

recover either onsite or offsite electric power within about

1-3 hr following an initiating transit which is loss of

offsite AC power. Containment fails at 2.5 hr.
fData from BHI (1981.).

^Low pressure injection system check valve failure (dry).

Low pressure injection system check valve failurs (wet)
1Small loss of coolant accident (equivalent diameter of

0.5-2 in) with failure of containment spray injection system.

Containment is tight; no failure predicted.

Tables VIII and IX show a small fraction of
the results obtained by the NRC through i t s
contractors, Battelle Memorial Institute (BHI)
and Sandia National Laboratory, for the Surry and

hZion reactors. The S2G,
fd

S3G and S2C^ 2 3 2
sequences for Surry are found to be negligible,
but other Surry sequences are significant in
their evaluation and, indeed, are found to be
comparable to WASH-1400 results.

The recent Risk Management Associates
examination of the Fitzgerald BWR-MkI plant,
sponsored by EPRI and NYPA, is shown in Table X.

The IDCOR examinations of the Peach Bottom
BWR-I and the Grand Gulf BWR-Mklll are presented
in Tables XI and XII.

The BWR-Mkll has not been studied in the
detail that other designs have been examined.
However, SWEC has examined the Shoreham BWR-MkII,
and some of the results are shown in Table XIII.
Additional studies have been completed by BMI and
NYPA, but these were not received in time to be
included in this report.

Finally, th<? recent reexamination of the
Peach Bottom BWR-MkI by the NRC, BMI, and Sandia
is presented in Table XIV.

The dichotomy in source term results from
different investigating organizations is apparent
from examination of the tables. The suspicion is
that the differences derive both from computer
code differences and from boundary condition
assumptions (hydrogen deflagration, steam
explosions, core-concrete interactions, and the
postulated direct heating phenomenon). These
conjectures, however, remain to be investigated.

Within the past two and one-half years, at
least three reviews or summaries of the state of
knowledge have appeared. These are:

o The Report of the Special Committee on Source
Terms, American Nuclear Society (ANS, 1984).

o Report to the American Physical Society of the
Study Group on Radionuclide Release from
Severe Accidents at Nuclear Power Plants
(APS, 1985, presented to the Nuclear
Regulatory Commission, February, 1985).
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Table IX. Calculated source terns for Zion (PWR)a Table X. Calculated source terns for Fitzgerald (BWK)a

Fission
Product
Group

Fraction of Core Inventory Released to the
Environment During Accident Sequences

Fraction of Core Inventory Released to the
Environment During Accident Sequences

S2DCF2
d TMLUe

Xe-Kr

I

Cs

Te

Sr

Ru

La

Ce

Ba

3E-6

X.6E-5

1.9E-3

9E-4

2.6E-8

5E-6

1.3E-5

7.3E-4

0.22

0.23

0.32

1./E-4

1.8E-3

2.8E-2

2.6E-2

2.7E-2

3.4E-2

2.5E-3

SE-7

8E-5

6E-5

2E-3

5.7E-3

6E-3

4E-2

9E-5

4E-7

fcE-7

2E-8

2E-3

aData fron Denning et al. (1986)
Small loss of coolant accident (equivalent diameter of 0.5"
2 in) with failure of emergency core cooling injection
system and containment spray injection systea. Containment
failure at 24 hr.

cSmall loss of coolant accident (equivalent diarater of 0.5-
2 in) with failure of emergency core cooling injection
system, containment spray injection systea, and containment
spray recirculation system. Containment failure at 2.2 hr
caused by hydrogen bum or direct heating.
Same sequence as in footnote c except containment failure
occurs at 14.9 hr due to hydrogen burn or over-
pressurization.

transient event with failure of secondary steam relief
valves, auxiliary feedwater system, and power conversion
system with loss of emergency core cooling systaa and
inoperability of sprays or coolers. Containment failure at
3.2 hr caused by direct heating.

o Nuclear Reactor Accident Source Terms, Report
by a Nuclear Energy Agency Group of Experts
(NEA, 1986).

The last and most recent of these covered
information from Canada, France, the Federal
Republic of Germany, I taly , Japan, Sweden, the
United Kingdom, and the United States (the many
organizations mentioned in this summary). This
review report identified a number of (1) main
developments since WASH-1400, (2) areas where
source term information i s suff ic ient , and
(3) uncertainties and areas of disagreement
between studies. The most important points of
these three categories are l i s ted below:

1. Main developments since WASH-1400
A. Source terms were overestimated in

the past for most accidents.
B. Source terms technology i s more

complex than the treatment in WASH-
1400 indicates, and complete
generalization is not possible.

Fission
Product
Group

TCC TCd TQUVe

Kr-Xe

Csl

CsOH

Te

Sr

Ru

La

5.6E-2

3E-4

3E-4

2K-4

1E-7

4.5E-7

4.9E-5

4.4E-")

1.1E-S

1.0E-4

9.8E-6

2.2E-6

0.0

0.0

0.0

0.0

0.0

0.0

IE-5

IE-5

1E-5

IE-.'

IE-7

IE-7

aBieniarz and Deeo (1986) and Ritzman et al . (1985).
Rupture of reactor coolant boundary with equivalent diameter
greater than 6 in with failure of emergency core cooling
injection. Containment failure at 501 Bin due to over-
pressure. Release is through reactor building.

°Transient event with failure of reactor protection systea.
Vent or assumed failure of containment occurs at 75 psi, 65
min.
Same sequence as footnote c, with no vent.

^Transient event with failure of normal feedwater xystea to
provide core aska-up water, plus failure of high pressure
coolant injection, raactor core isolation cooling, and low
pressure emergency core cooling systea to provide core
up water. Containment fails at 902 ain.

Areas where source term information is
sufficient:

A. In-vessel steam explosions of suf-
ficient magnitude to fail both the
RPV and the containment are very
unlikely.

B. Some containments are stronger than
previously thought.

C. Experimental release data for the
non-volatile fission products are
limited; the impact of data is
unlikely to be important to the
final source terms.

D. The most probable chemical compounds
for iodine and cesium have been
identified.

Uncertainties and areas of disagree-
ment:

A. The several source term studies had
divergent views as to the impli-
cations of the present source term
predictions.

B. The inadvertent omission of possibly
important phenomena.

C. The boundary and initial conditions
related to specifications of the
accident sequences and the plant
geometry.

D. Assumptions relating to application
of computer codes.
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Table XI. Calculated source terns for Peach Bottom (BWR)a Table XII. Calculated source terns for Grand Gulf (BWR)a

Fraction of Core Inventory Released to the
Environment During Accident Sequences

Fission
Produce
G**oup

Xe-Kr

I-Br

Cs-Rb

Te-Sb

Ba-Sr

Ru

TW»

1.0

0.1

0.2

0.1

4E-4

6E-U

BCC

1.0

0.1

0.1

0.1

4E-4

1E-3

BCd

1.0

">E-2

3E-2

6E-2

1E-4

2E-4

BCe

1.0

3E-2

3E-2

4E-3

8E-5

3E-4

BCf

1.0

6E-4

6E-4

4E-4

'iE-6

1E-5

1.0

5E-2

SE-2

6E-2

3E-5

1E-4

1.0

4E-2

4E-2

6E-2

IE-5

2E-S

aData from IDCOR (1984), p. 10-6.
transient event with failure to remove residual core heat.
No operator action taken although operator actions can
preclude any release.

cFailure of power to engineered safety features and failure
of the reactor protection systea. No operator action taken.

dSaae sequence as footnote c, except operator vents through
wetwall when drywall pressure reaches US psia.

eSaae sequence as footnote c, except operator ref i l l s
condensate storage tank to provide continuous CRD flow.

*Sane sequence as footnote c, except operator both vents
through wetwall and re f i l l s the CST.

^Transient event with failure of noraal feedwater systea and
the low pressure emergency core cooling systea to provide
core make-up water and failure to reaove residual core heat.

hSmall pipe break (equivalent diaaeter of about 2-6 in) with
failure of emergency corfl cooling injection.

Fission
Product
Group

Fraction of Core Inventory Released to the
Environment IHiring Accident Sequences

TQWD AE°

Xe-Kr

I-Br

Cs-Rb

Te-Sb

Sr-Ba

Ru-Ho

1.0

3E-4

3E-4

2E-4

1E-5

1E-5

1.0

8E-4

BE-t

8E-4

IE-5

1E-5

1.0

1E-5

1E-5

JE-5

1E-5

1E-5

1.0

7E-5

7E-S

3E-5

1E-5

lE-b

"Data from 1DCOR (1984), p. 10-11.
"Transient event with failure of normal feedwater systea to
provide core make-up water and failure to remove residual
core heat.

^Transient event with failure of the reactor protection
systea.
Rupture of reactor coolant boundary with an equivalent
diameter of greater than 6 in and failure of emergency core
cooling injection.

^Transient event with failure of normal feedwater systeai to
provide core make-up water and failure of high pressure
coolant injection, reactor core isolation cooling, and low
pressure emergency core cooling systea to provide core cake-
up water.

E. Details of aerosol modeling in
containment.

F. Assumptions relative to steam
spikes, steam explosions, hydrogen
deflagration, and the postulated
direct heating phenomenon.

G. Operator actions can affect the
magnitude of tiie source term
signif icantly. The operator actions
that can be accepted for regulatory
purposes have not been defined.

In final summary: In view of the enormous
effort put forth in the past half dozen years,
and now approaching a climax, one must ask the
question, how can the community of nuclear
reactor safety specia l i s ts arrive at a consensus
on such an important topic as the magnitude of
the predicted source term (relat ive to public
health and safety) , following serious core-damage
accidents? The question i s far too important to
remain unresolved.

ADDENDUM (September, 1986)
The accident at the Chernobyl plane in the

Soviet Union on April 26, 1986, has been the most
serious, by far, in terms of damage to the plant,
magnitude of the source term, health consequences

Table XIII. Calculated source tents for Shorehaa (BWR)a

Fraction of Core Inventory Released to the
Environment During Accident Sequences

Fission
Product
Group ADb AEC •nfi

Kr-Xe
I
Cs
Te

<6E-2
<6E-2
<6E-7.

<2E-2
<2E-2
<2E-2

aData froa Warman (1985).

TJupture of reactor coolant boundary with an equivalent
diaaeter of greater than 6 in and failure of vapor
suppression. There is in-leakage to reactor building for
13 hr.

cRupture of reactor coolant boundary with an equivalent

diameter of greater than 6 in and failure of emergency core
cooling injection,

transient ewmt with failure to remove residual core heat.
Retention or suppression based on an assumed decontamination
factor of 100.

transient event with failure of the reactor protection

system. Retention or suppression based on an assumed
decontanination factor of 100.
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Table XIV. Calculated source terms for Peach Bottom (BWR)a

Fraction of Core Inventory Released to the

Fission Environment During Accident Sequences

Product

Group

Xe-Kr

I

Gs

Te

S r

Ru

l.a

Ce

FSa

TC-lb

1.0

3E-2

3.3E-2

0.7.6

0 . M

3.5E-7

1.2E-2

2E-7.

0.39

TC-2C

1.0

1.3E-2

l.fcE-2

B.7E-?

0 . 3

2E-6

9E-3

l.SE-f

0.19

TC-3d

1 . 0

6E-4

9 . 6

6.5E-3

8.7.E-3

1.3E-7

3.2E-*!

'4.9E-i.

6.7.E-3

1B-Ie

1.0

1.2E-2

l.ftE-2

0.22

0.37

6E-7

3E-2

fc.8E-2

0.28

TB-2f

3.6E-2

'..IE-2

0.23

O.hb

7E-7

3.5E-?.

3.5E-2

0.3^

0.&6

0.44

0.26

0.2't

1.4E-6

1.3E-2

2.3E-2

0 . 2

aData from Denning et al. (1986).

''Transient event with failure of reactor protection system.

Containment fails at 85 rain.
cSaroe sequence as in footnote b except containment failure

occurs at 126 min.
dSame sequence as in footnote b. Containment is vented at

88 min.

^Transient event with failure of power to the reactor

protection system. Containment fails at 914 min.

Same sequence as in footnote e except containment fails at

736 rain.

^Failure of low pressure emergency core cooling system to

provide core make-up water.

to station personnel, and integrated radiation
dose away from the plant site. The RBMK reactor
is graphite-moderated and cooled with boiling
water at about 1000 psi. The design is such that
a significant positive coefficient of reactivity
exists for the removal of water (or steam) from
the vertical fuel-coolant flow channels.

The Soviet Report on the Chernobyl Accident
(State Committee, 1986) describes the prepara-
tions for an experiment. Apparently, these
preparations led to a condition of the reactor
with little or no boiling in the fuel-coolant
channels. A- reduction of flow at the same time
that the experiment was started led directly to a
reactivity induced autocatalytic power excursion.
The Soviet estimate of the source term by May 6,
1986, is given in Appendix 4, Table 4.14, page 21
of the DOE translation. They estimate that 20%
of the iodine, 13% of the cesium, 5-6% of the
barium, and 3-4% of everything else escaped from
the plant. Some postulated conditions during the
accident are such that it would be reasonable to
expect some of the cooling water and fuel to have
been ejected vertically at high velocity.
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Radiological Source Term Estimation Methods

P. C. Owczarski, M. Y. Ballinger, J. Mishima, and J. E. Ayer

ABSTRACT Pacific Northwest Laboratory is devel-
oping methods for estimating the amount and size
distribution of aerosols generated from
potential accidents in nuclear fuel cycle
facilities. These accidents include fires,
explosions, spills, pressurized releases,
tornadoes, and criticalities. Experiments have
been performed investigating releases from
fires, some types of explosions, and spills.
Using data from the experiments and information
from published literature, models and computer
codes are being developed to estimate airborne
source terms from all the accidents listed
above. These methods will be part of an Acci-
dent Analysis Handbook to be published in 1987.

I. INTRODUCTION

Pacific Northwest Laboratory (PNL) is in
the final stages of a 7-year project to develop
tools for estimating airborne source terms from
accidental fires, explosions, spills, tornadoes,
and criticalities in nuclear fuel cycle facili-
ties. New experimental data, models, and compu-
ter codes have been developed to help estimate
source terms. The final product of this project
will be an Accident Analysis Handbook to be pub-
lished in 1987 along with supporting documents.

Two other laboratories are participating in
developing project tools. Martin Marietta Cor-
poration at Oak Ridge National Laboratory has
developed tools for assessing UFg accidents, and
Los Alamos National Laboratory has developed
codes and experimental data for the transport
and deposition of airborne materials in filters
and building ventilation systems.

"Pacific Northwest Laboratory is operated for
the U.S. Department of Energy by Battelle
Memorial Institute.

bWork supported by the U.S. Nuclear Regulatory
Commission under Contract DE-AC06-76RL0 1830,
NRC FIN B2481.

This paper briefly describes experimental
results and modeling efforts developed in this
program.

II. FIRES

FNL has extensively studied accidental
fires involving radioactive material. Experi-
mental data were generated from small-scale
fires of combustible materials contaminated with
depleted uranium dioxide (DUO) or uranyl nitrate
hexahydrate (UNH). Models developed from these
and earlier release experiments were programmed
into a compartment fire code (FIRIN). The fol-
lowing section briefly describes the experiments
and code.

A. Data
Experiments were performed in which

pjlymethyImethacrylate (PMMA), polystyrene (PS),
polychloroprene (PC), paper, kerosene/tributyl
phosphate (TBP), and mixtures of paper/PC and
paper/PMMA were burned. Uranium in both the
powder (DUO) and liquid (UHH) forms was used as
the contaminant. Other parameters that were
varied in the experiments Included air flow,
heat flux, and oxygen concentration. PMMA and
PS gave the greatest release (up to 4Z of the
source contaminant). Most of the release occur-
red while the material was melting and bubbling,
before flaming combustion. The smallest
releases (up to 1J) came from burning paper and
appeared to be emitted throughout the burn
(Halverson and Ballinger, 1984).

A mixture of 30Z TBP in kerosene was
burned in the presence of aqueous nitric acid
solutions with uranyl nitrate dissolved in
either phase initially. The weight percent of
airborne uranium ranged from 0.2 to 7.1 with the
highest releases coming from a burn of an
unloaded organic layer over acid with uranium.
In all configurations, the mass rate of airborne
uranium seemed proportional to the mass rate of
smoke made airborne.

The size distribution of smoke and
radioactive particles made airborne in the fire
experiments was measured using a cascade impac-
tor. Size distributions of smoke particles were
all within close range of each other. However,
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the size distribution of radioactive particles
varied widely depending on the fuel type.

B. Models
Dynamic models describing an acciden-

tal fire with time-dependent formation of air-
borne radioactive aerosols have been programmed
into the FIRIH code (Chan et al., 1935). This
code is basically a compartment fire model.
Heat and mass transfer are modeled to provide
input to a ventilation code (FIRAC). Compart-
ment pressure, the airborne smoke and radioac-
tive particle characteristics, hot-layer
characteristics, aerosol deposition on compart-
ment surfaces, and aerosol flow out of the com-
partment are calculated as the fire progresses.
Aerosol deposition can occur by settling, Brown-
ian diffusion, thermophoresis, and diffusio-
phoresis. The compartment decontamination
factor for fire aerosols can typically range
from 1.0 to 10. Filter resistances are calcu-
lated as a function of smoke loading. Source
terras from heated surfaces, hot overpresaurized
vessels, boiling liquids, and spills are also
calculated in FIRIH.

III. EXPLOSIONS

Explosions have been classified into four
typest fast and slow physical and fast and slow
chemical explosions. The likelihood of fast
physical explosions in fuel cycle facilities
appears to be remote (Halverson and Mishima,
1986). Thus, source term calculation methods
were not developed for this type of explosion.
The T'17-equivalent concept provides a simple
sdutlor. to the energy release characteristics
for fast chemical explosions. Mass release
Information for metals and liquids is available
trcra the model of Steindler and Seefeldt (1S30).
For slow chemical explosions, the methods used
for fa3t chemical explosions can be used if
applied carefully. A series of pressurized
release experiments were performed to provide
data on seme types of slow physical explosions.
Data from these experiments and Information in
published literature have been used to model the
other three type3 of explosions. Pressurized
release data and resulting explosion models are
described below.

A. Data
Methods to estimate source terms frons

explosions were supported by experimental
releases of pressurized powders and liquids.
Pressure was applied using pressurized air, CO2
or direct heat. Results of air pressurization
experiments were reported by Sutter (1983).

During the air pressurization
experiments, 100 g of DUO (1 pa dia) and TIO2
(1.7 ̂ 13 dia) powders ar.d 100 enr and 350 ca"' of
uranine and uranyl nitrate solutions were
released at pressures ranging froa 50 to 500
pslg. The largest percent of powder made air-
borne was 24Z. The saxiarjia aaount of airborr.e
Ilould source was significantly less, about
0.15%.

Experiments in which CO2 was used as
the pressurizing gas for liquid pressurized
releases gave a larger source tsrra than com-
parable air pressurized experiments. Maximum
weight percent airborne for C02/uranine releases
was 0.22. Flashing sprays in which uranine
solution was heated before release gave up to 9%
airborne, the greatest of a:iy of the liquid
pressurized releases.

B. Models
Models are being developed for

pressurized releases of powders and liquids.
For powders, the model calculates the drag force
on a sphere of powder as it moves upward and
grows after Initial release. The amount air-
borne is assumed to be proportional to the drag
force, and the proportional constant is a func-
tion of material properties and controlling
parameters. Liquid pressurized releases produce
aerosol on release of dissolved gases. The
quantity and size distribution of these aerosols
also are functions of controlling parameters
(pressure, viscosity, surface tension, density,
and gas solubility).

For other slow physical explosions, a
variety of standard fluid-flow equations are
sufficient to calculate energy and mass flow
from ruptured vessels. The hoop-stress equation
(Halverson and Mishima, 1986) for ruptured
pressure vessels provides a good estimate. The
isothermal expansion equation provides a con-
servative estimate of the total energy release
In a rupture-type event.

Models for fast chemical explosions
are detailed by Halverson and Mishima (1986).
Releases from slow chemical explosions can be
calculated using the fast chemical explosion
models, in some cases, or a universal correla-
tion.

A universal correlation, which can be
used for estimating explosion releases, was
devised from spill, pressurized release, and
explosion data (Halverson and Mishima, 1986).
This correlation is the upper boundary of the
airborne fraction of material at risk as a func-
tion of the energy available for aerosol for-
mation per unit mass of material at risk.

The bounding equation is

log (wt% airborne) =

.2

-2.6 + fl8.8 log (g-\ - (log JJ-)
[ \ 0/ V '0/

E = energy, erg
Mo * source raass, g

Frcn the numerous subsets of data,
other best-fit correlations are provided.
Figure 1 is a plot of the above equation aicr.g
with the data subsets.

IV, SPILLS

The lover boundary accidental release event
is a free-fall spill of radioactive powder or
liquid In static air. Experiments performed at
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Figure 1. PNL Experiment Results and Curve Fits

PNL measured the mass airborne and particle-size
distribution of spill aerosols for various
source sizes, source types, and spill heights.
Thess experiments and modeling efforts resulting
from them are described in this section.

A. Data
For the first set of experiments, two

powder and two liquid sources were used: T102
and DUO and aqueous uranine and UNH (Sutter et
al., 1981). For the source powders used (quan-
tities from 25 to 1000 g and fall heights of 1 m
and 3 m), the maximum source airborne was 0.12%.
The maximum source airborne was an order of mag-
nitude less for the liquids (with source quanti-
ties ranging from 125 to 1000 cc at the same
fall heights).

Subsequent experiments investigated
spills of solutions varying viscosity and sur-
face tension as well as slurries. Weight per-
cent airborne for these experiments was less
than half that of previous liquid spills.

The median aerodynamic equivalent
diameters for collected airborne particles
generated from spills ranged from 1 to 36 pm.
All of the spills produced a significant frac-
tion of respirable particles measuring 10 (ini dia
and less.

B. Models
Models for fractions made airborne in

spills are being correlated with controlling

parameters. For liquids «t low viscosity, the
airborne fraction correlates well with a
dlmensionleas combination of liquid density,
surface tension, spill height, and liquid
viscosity. All liquid spills correlate well
with spill height and liquid viscosity.

Powders were dispersed while falling,
producing aerosols; in contrast to liquid aero-
sols formed on impact. A spill model similar to
the pressurized release model for powders was
developed. The drag force on the volume of pow-
der is calculated as the powder falls. The
amount airborne is assumed proportional to the
drag force. The Galileo number given below is
used to calculate the proportional constant.

Ga

where 6a

g
M

Galileo number
acceleration of gravity
powder mass
powder bulk density
air density
air viscosity

These models will be published in a document
scheduled for completion later this year.
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V. OTHER ACCIDENTS

Methods to estimate the source term for
other types of events will be considered. In
cases where realistic scenarios cannot be
formulated for criticalities, current U.S.
Nuclear Regulatory Commission Regulatory Guides
(3.33, 3.34, and 3.35) appear adequate. Phenom-
ena (e.g., earthquakes, tornadoes) that may
result in severe loss of structural integrity
can lead to subdivision of solids on crush/
impact. Suspension of powders from homogeneous
or heterogenous substrate by high-velocity gases
(tornadoes and explosions) are also phenomena of
concern.

VI. CONCLUSIONS

Experiments have been performed investigat-
ing source term releases from potential acci-
dents in nuclear fuel cycle facilities. Using
data from these experiments and Information in
tha literature, methods are being developed to
provide radiological source term estimation
methods for fires, explosions, spills, torna-
does, and criticalities. Before this study
there were few methods available.

Using methods in the Accident Analysis
Handbook, a user can estimate the amount air-
borne and particle-size distribution of aerosols
generated by the above accidents. Other parts
of the handbook will provide source term
calculations for UF5 accidents (Martin Marietta
Corporation at Oak Ridge National Laboratory)
and methods for determining the transport and
deposition of airborne materials in filters and
building ventilation systems (Los Alamos
National Laboratory).
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i . INTRODUCTION

Since the potential hazard to the
public from nuclear power plants i s a l -
most ent ire ly associated with the pos s i -
b i l i t y of' the accidental release of
radionuclid.es from the boundaries of the
plant (source terms), i t i s not at a l l
surprising that source term estimates
pervade the regulations that govern power
plant operations. Because there has been
a substantial quantity of research since
the Three Mile Island Unit 2 accident
related to the processes that govern
severe accident source terms, i t i s
natural at this time to determine if the
regulations should be changed, either to
relax unnecessarily re s t r i c t ive regula-
t ions or to add further margins of pro-
tect ion , i f appropriate. In this regard
the U.S. Nuclear Regulatory Conmission
has coimitted to reviewing i t s
regulations to evaluate the need for

change 1
In this paper we describe changes

in the understanding of processes that
influence source term behavior that have
occurred since the regulations were
i n i t i a l l y formulated.

It i s not the purpose o f . t h i s paper
to prejudge how or i f the different regu-
lat ions should be changed. The formu-
lat ion of regulations involves consider-
ations of policy quite outside technical
considerations of source term phenomen-
ology.

I I . HISTORICAL OVERVIEW OF SOURCE TERM
PERSPECTIVES

In the 1960s the nuclear industry
in the United States moved rapidly from
the operation of low power demonstration
plants to the construction of plants that
were many times larger. The l icensing
agency, the U. S. Atomic Energy
Commission at that time, was faced with
the challenge of establ ishing regulatory
cr i t er ia supported by a very limited base
of experimental data related to the

behavior of accidents in large nuclear
power plants and of plant operating
experience. To account for the large
uncertainties in this limited data base
conservative safety margins were included
in the regulations. Most of the regu-
lat ions and regulatory guides which
involve source terms rely on what are
referred to as TID-14844^ release terms.
These release teems, which were intended
to characterize a severe accident
involving some fuel damage but not pro-
gressing to vesse l fa i lure , assumed
100 percent release of noble gases,
50 percent release of iodine (25 percent
from the reactor coolant system) and
1 percent release of a l l other f i s s ion
products as so l ids . This simple pres-
cript ion, which i s independent of a c c i -
dent sequence and plant design features,
was convenient for use in regulations.
Furthermore, in an era in which the l i k e -
lihood of severe accidents was generally
believed to be very small, the TID-14844
release terms were considered to provide
a conservative basis for regulation.
These release terms only described the
release to the containment, not to the
environment. Consistent with the design
basis c r i t er ia for the plant, the regu-
latory framework did not recognize the
potential for containment fa i lure .

A. Changes in Perspectives
Subsequent to WASH-1400

In 1975, the Reactor Safety Study
(WASH-1400) was i s sued . 3 This study led
to major new insights into the character
of reactor risk. It indicated that
severe accidents were substantial ly more
l ike ly than previously believed and that
the consequences of a severe accident
could vary dramatically, depending on the
characterist ics of the accident sequence
and on the performance of plant features.

The methods of analysis used to
predict severe accident source terms in
the Reactor Safety Study were quite
crude. A minimal data base existed on
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the release of radionuclides from small
samples of fuel (primarily at ORNL) and
integral experiments had been performed
on the removal of elemental iodine and
aerosols from containment atmospheres.
The analyses of many complex severe acci-
dent processes were performed with very
simple models which primarily attempted
to conserve mass and energy. Neverthe-
less, the severe accident source terras
developed for WASH-1400 were recognized
as being the best available characteri-
zation for severe accidents with the
available technology. Following WASH-
1400, it was clear that some aspects of
the regulations, such as the treatment of
severe accidents in environmental impact
statements and requirements for offsite
emergency planning could no longer be
considered adequate, and regulations were
changed to incorporate WASH-1400 source
terms.

B. Changes in Perspectives
Subsequent to TMI-2

After the Three Mile Island Unit 2
accident, the importance of developing a
better understanding of severe accident
processes became widely recognized. What
had been considered hypothetical condi-
tions prior to WASH-1400, had at least in
part been experienced. The Severe Acci-
dent Research Program, that had been
initiated by the Nuclear Regulatory
Commission after WASH-1400, was accele-
rated and expanded.^ Over the past seven
years this program, complemented by in-
dustrial and international programs, has
resulted in a vastly improved under-
standing of severe accident processes,
the ability to model these processes, and
a data base for model validation.

As the WASH-1400 methods were
examined criticallv in this time period,
there was widely-st:ated belief that the
WASH-1400 source terms were very conser-
vative. Some estimates were that the
WASH-1400 values were high by at least
one to two orders of magnitude. As a
result of this frame of mind, it was
generally believed that a review of the
regulations could result in significant
relaxation of some regulatory cri teria,
particularly related to emergency offsite
planning.

One of the major elements of the
NRC's Severe Accident Research Program
has been the development of improved
methods for source term analysis. Under
the direction of the Accident Source Term
Program Office, an extensive reassessment
was made of the technical bases for
source terra analysis. A systematic,
mechanistic approach to source term anal-
ysis was developed. As the ini t ial re-
presentation of this approach, a set of
state-of-the-art source term codes was
assembled, tested, and exposed to exten-
sive peer review. In J-.me of 1986 the

"Reassessment of the Technical Bases for
Estimating Source Terms", NUREG-09565 was
published with the recommendation that
"The Source Term Code Package is
recommended as an integrated analytical
tool for NRC evaluation of source terms
in regulatory applications provided that
uncertainties are considered for each
type of application". (Underlining pro-
vided by authors.)

C. Current Perspectives

In a previous paper, a comparison
was made between results obtained with
the suite of source term codes (the pre-
decessor to the Source Term Code Package)
with WASH-1400 results. <> An examination
of the models which predict the principal
elements of the source term: in-vessel
release from fuel, transport in the
reactor coolant system, ex-vessel release
from fuel, and transport in the contain-
ment and secondary buildings, indicated
that there is a tendency for the WASH-
1400 models to overestimate source terms.
In particular, current models predict
significant retention of radionuclides in
the reactor coolant system for most acci-
dent sequences. Retention in the reactor
coolant system was not typically given
credit in the WASH-1400 analyses. How-
ever, the WASH-1400 analyses do not
appear to overestimate all sequences.
Perhaps more importantly, the uncertain-
ties in source term estimates are quite
large and typically encompass WASH-1400
results.

One element of the source term re-
assessment effort supporting NUREG-0956
was the QUEST' program in which quanti-
tative uncertainty estimates were devel-
oped for three accident sequences. The
QUEST study indicated that the uncer-
tainty in source term estimates is large.
The band of uncertainty about the Source
Term Code Package results was found to be
on the order of a factor of 100 or
greater.

The first application study of the
Source Term Code Package is the NRC's
Risk Reference Document, NUREG-1150,8

which will describe the risk to the
public for six reference nuclear power
plants. In this study particular atten-
tion is being given to the uncertainties
in the description of severe accident
phenomena that influence the source term.
Based on the results of the QUEST study,
it is likely that the uncertainties in
source term estimates will propagate into
significant uncertainties in the risk
estimates for these plants.

In recent years, a much more
detailed understanding of severe accident
source terms has developed. The methods
are much more mechanistic. They are
better supported by data. The more
detailed examination of severe accident
processes has also helped to identify
technical issues where a good
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understanding of source term behavior
does not exist. There is a much better
characterization of what isn't known
about source term behavior, and as a
result, the implications of these
uncertainties can be better understood.

Thus a perspective on source terms
is emerging of broad uncertainty bands
rather than point values. The centers of
the bands are usually lower than the old
WASH-1400 point estimates but the spread
in uncertainty is typically broad enough
to encompass the WASH-1400 values.
Anomalously, a decade ago when the state
of understanding of source term phenomena
was very limited, the use of point es t i -
mates for source terms gave the impres-
sion of greater precision than current
representations of source terms using
uncertainty spreads. It should be recog-
nized that this perspective on source
terms is not universally held. The
source term estimates obtained in the
IDCOR* program using the MAAP code tend
to be lower than Source Term Code Package
results and the sensitivity studies that
have been performed by IDCOR*0 (and in-
dependently by EPRI)** yield narrower
uncertainty bands. This further supports
thfl need to attempt to resolve the tech-
nical issues that underlie differences in
methodologies.

I I I . THE SIGNIFICANCE OF DIFFERENCES IN
SOURCE TERMS

It is difficult to compare source
term estimates involving release frac-
tions for seven to nine different ele-
mental groups and to draw inferences
about the implications to public health.
In this section of the paper, we will use
some indices for the relative health con-
sequences for the different elemental
groups to develop a measure for comparing
release fractions. We will also compare
some results of source term analyses with
crude criteria for the onset of different
types of health effects.

Before continuing, it is imperative
to warn the reader about the errors in-
herent in the simplifications made in
thase analyses. The contributions to
health effects from the different radio-
nuclide groups are neither linear nor
independent. Furthermore, the magnitudes
of accident consequences, particularly
for threshold types of effects, are very
sensitive to assumptions in the analysis
such as the effectiveness of emergency
protective actions. With regard to this
simplified treatment of source terms,
perhaps the most grievous error is to
ignore the influence of duration of

release on the measure of consequences.
The IDCOR program results^ indicated
quite long periods of release for most of
the sequences analyzed ( i . e . , one to two
days). The major part of the release in
the Chernobyl^^ accident occurred over a
nine day period. The likelihood of early
effects that are threshold in nature can
be substantially influenced by the dur-
ation of the release, since for an ex-
tended release an individual will have
more time to evacuate, or the wind can
shift before the individual is fully ex-
posed.

Despite the limitations of simpli-
fied measures of health effects, they can
allow the reader to obtain a feeling for
the significance of quoted release frac-
tions. In a recent study of the
"Relative Importance of Individual Ele-
ments to Reactor Accident Consequences
Assuming Equal Release Fractions",^
Alpert developed importance weights for
25 elements with radioisotopes (60) that
are potentially significant contributors
to offsite consequences. Table 1 repro-
duces these weights for two contributors
to early effects, 24 hour bone marrow
dose and lung dose, and for total latent
cancers. In the analyses performed with
the MACCSl̂  code the following important
assumptions were made:

An end-of-cycle core inventory
for a 3412 MW PWR
Equal release fractions of a l l
elements
Category D stability vith a
wind speed of 5 meters per
second

- Release occurs outside growing
season (no direct deposition
on crops or pasture)
A nonbuoyant release of each
element at ground level
A uniform, one-hour release of
each element, one hour after
shutdown
Radiation protection factors
of 0.75 for cloud shine, 0.45
for graundshine and 1.0 for
inhalation
No emergency protective
actions.

In the development of accident
source terms, a number of elements with
similar chemical behavior are typically
analyzed as a group for simplicity. In
the Reactor Safety Study^ seven elemental
groups were used. In Table 2 the weight-
ing factors for each of the elements in
the Reactor Safety Study groups are
summed to give a weighting factor for the
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group. These weighting factors then pro-
vide a simple means to compare the health
significance of accident source terra est-
imates among themselves or in reference
to health effects benchmarks.

Two benchmarks for comparison are
the TM1-2 accident and the Chernobyl
accident, both severe accidents but with
dramatically different consequences.
From the regulatory viewpoint, however,
the most significant benchmarks for com-
parison relate to the thresholds of
specific health effects, in particular
the thresholds for early fatalities and
early injuries.

In the paper, "The Implications of
Reduced Source Terms for Ex-Plant Conse-
quence Modeling"^ Kaiser examined a
large number of consequence calculations
in order to examine the importance of
different levels of source term reduc-
tion. Kaiser developed two crude cr i -
teria which can be used to evaluate the
potential significance of source terms.

Criterion 1. If the release
fraction of volatile fission pro-
ducts is less than 0.1 and the
release of the ruthenium and
strontium groups is less than 0.05,
and the release of the lanthanum
group is less than 0.01, the con-
ditional mean number of early
fatalities will be very small or
zero.

Criterion 2. If the release
fraction of volatile fission pro-
ducts is less than 0.01 and the
release of the ruthenium and
strontium groups is less than
0.005, and the release of the
lanthanum group is less than 0.001,
the conditional mean number of
early injuries will be very small
or zero.

IV. EXAMPLE COMPARISON OF SOURCE TERM
RESULTS

In t h i s s e c t i o n we w i l l examine one
of the r i s k dominant sequences from WASH-
1400, TMLB'5, to e v a l u a t e the s i g n i f i -
cance of improvements in source term
methodology. As p o i n t s of r e f e r e n c e , the
TMI 2 a c c i d e n t , Chernobyl a c c i d e n t , Ea r ly
Fatality Criterion, and Early Injury
Criterion are plotted in Figure 1. Note
that the TMI 2 accident falls substant-
ially below either of the early effects
criteria. The principal contribution to
the TMI 2 consequences is the release of
approximately 7 percent of the noble

gases, not the estimated release of 14 Ci
of iodine. The Chernobyl accident is
found to exceed the threshold criterion
for early fatalities. The lung dose is
particularly high because of the large
release of the non-volatile elements in
the lanthanum group. It should be
recognized, however, that although the
early fatality criterion was exceeded, no
member of the public actually received a
lethal dose because of the duration of
the release and the emergency protective
actions taken.

The WASH-1400 analysis of the
TMLB'S is illustrated in the figure as a
point of reference. Case 1 is the Source
Term Code Package analysis of the same
scenario. In comparing the two results,
it must be recognized that point estimate
results of the Source Term Code Package
cannot be considered best estimate re-
sults, since the effect of some important
technical issues with high uncertainty is
not included in the analysis. Whereas
the WASH-1400 source term exceeds the
early fatalities criteria by a substan-
t ia l margin, the STCP analysis for this
sequence is essentially equal to the
early fatality criterion for bone marrow
dose and is less than half the criterion
for lung dose. The latent effects health
measure for the STCP analysis is approxi-
mately one-third of the WASH-1400 value.

If the uncertainties in the anal-
ysis are taken into account, however, the
perspective changes. One technical issue
will be considered as an example of the
potential effect of source term uncer-
tainties. In this accident the predicted
retention fractions within the reactor
coolant system of Csl, CsOH, and Te are
76 percent, 80 percent, and 69 percent,
respectively. The fraction of these
species that would be released as the
result of decay heating following vessel
failure is quite uncertain. In Case 2,
it is assumed that 50 percent of the ori-
ginally deposited volatile elements is
eventually released from the reactor
coolant system and that 50 percent of the
material released late in the sequence
after containment failure will be
released to the environment (based on
STCP analyses). In this case, the con-
sequence measure for bone marrow dose
would exceed the early fatality cr i -
terion.

For the Surry plant, tha likelihood
of early failure of the containment is
believed to be substantially lower than
at the time of the Reactor Safety Study.
One mechanism that could lead to early
failure that was not recognized earlier
is direct heating, however. If signifi-
cant dispersal of the core and direct
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heating were to occur, the release of
radionuclides to the containment would be
enhanced. This effect is shown in
Case 3. Again the consequences are sub-
stantially increased over the base case
and the early fatal ity criteria are ex-
ceeded.

However, i f the containment were ti
avoid early failure, the release of
fission products to the environment would
be reduced. Case 4 shows the effect of
delaying containment failure until
12 hours after the start of the accident.
Although the consequence measures are
reduced, they s t i l l exceed the criteria
for early injuries. In Case 5, i t is
assumed that the containment removal pro-
cesses are completely effective in atten-
uating a l l radionuclides but noble gases-
This i s equivalent to a very late failure
case or a filtered vent case. Although
the consequence measures are below the
early injury cri teria , the consequence
measures are close to these criteria. A
small contribution from the uncertainty
in any of the issues affecting source
term magnitude could result in exceeding
the early injury criteria .

V. CONCLUSIONS

Subsequent to the TMI-2 accident,
knowledge of severe accident processes
which influence source terms has expanded
dramatically. The methods of analysis
that have been developed or are under
development are more mechanistic and are
better supported by experimental data.
The uncertainties in source terms are
large, however. Considering the magni-
tude of these uncertainties, it is un-
likely that in the near future it can be
demonstrated with a high degree of con-
fidence that source terms have been re-
duced to the degree that early fatalities
or early injuries cannot occur in a severe
accident. Although it is appropriate at
this time to review source term based
regulations, it is not clear that sub-
stantial relaxation of regulatory cri-
teria will result. Point estimates of
source terms should not be used without
full consideration of the associated
uncertainties.

Furthermore, the magnitude of the
source terms is affected not only by the
processes of radionuclide release and
transport, but by the timing and mode of
containment failure and by the perfor-
mance of containment safety systems such
as sprays, suppression pools, icebeds,
and air coolers. Thus there is now
increased awareness of the potential
benefits of accident management to reduce
the consequences of severe accidents.
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NRC Perspective on Severe Accident Consequence Assessment
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ABSTRACT - One of the major roles of the Nu-
clear Regulatory Commission (NRC) during a se-
vere accident (core melt) is to monitor the
reactor licensee to assure that they are rec-
ommending the appropriate protective actions
to offsite officials. Initial protective ac-
tion recommendations should be made by the
plant staff based on predetermined instrument
readings (emergency action levels) that indi-
cate the status of plant systems(s) required
to protect the public. The determination of
the need for additional protective action may
require dose assessments/projections. In the
past dose assessments have been based on
licensee estimates of releases based on the
stack monitor reading. This is not adequate
because severe accident releases cannot be
characterized by the stack monitor. Dose as-
sessments should consider the "probable range"
of accident conditions and not just the rela-
tionship of stack monitor readings to doses.
This paper will summarize the basis for the
NRC perspective on consequence assessment and
the tools used to monitor licensee consequents
assessment and protective action
recommtndations.

One of the major roles of the NRC during
a severe reactor accident (core damage) is to
monitor the reactor licensee to assure that
the licensee is recommending the appropriate
protective actions to offsite officials.

The NRC first monitors and decides if the
plant conditions warrant taking action, based
on an assessment of core and containment sta-
tus. Releases resulting in observable early
health effects (injuries and deaths) or high
individual risks (very high radiation doses)
offsite can occur only as e result of a severe
core damage coupled with eany containment
failure (within 24-hours of release from the
core). If containment integrity is maintained
or if mitigative engineered safety features
(e.g., containment sprays) are functioning,
the offsite consequences may be limited to the

immediate vicinity of the site and early
health effects may not be induced even for
core melt accidents. However, during a severe
nuclear power plant accident early containment
failure could not be ruled out or "predicted
with confidence." Therefore, severe core dam-
age accidents should be classified as general
emergencies, which would warrant initiation of
immediate, early protective actions offsite.

Three basic conclusions have been derived
from the considerable research on severe acci-
dents concerning the effectiveness of early
protective actions for preventing early health
effects from a several reactor accident re-
sulting In a major release. These are:

1. To be most effective, protective actions
(shelter or evacuation) must be taken be-
fore or immediately at the tine a major
release to the atmosphere occurs.

2. People should immediately evacuate areas
near the plant (within a 2-to-5 mile ra-
dius) and remain in shelter elsewhere to
receive additional information or in-
structions during the early time frame.

3. Following a major release, the dose from
ground contamination in the area beyond
which people have seen evacuated based on
plant conditions (item 2) may become very
important in a few hours (e.g, 4 hr), re-
quiring immediate radiological monitoring
to locate hot spots where evacuation
would be required.

These basic concepts form the foundation
for the NRC's protective action guidance and
for the assessments conducted by the NRC dur-
ing its response.

The specific NRC guidance from
NUREG-0654/FEMA REP 1, Rev. 1, Appendix 1, for
general emergency protective actions is at-
tached as Figure 1. This figure was sent to
licensees via Information Notice 83-28 and is
the basic tool used by the NRC response organ-
ization when monitoring the recommenda-
tions being made by licensees during a severe
reactor accident.
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Several points concerning Figure 1 should
be discussed. Initial scoping of an emergency
is to be based on a comparison of the plant
instrument readings (i. e., plant conditions)
with the predetermined emergency action lev-
els. This comparison will identify the plant
conditions referred to in the diagram (e.g.,
20% cladding failure, fission products in con-
tainment, or containment status). Core damage
is defined as release of 20% of the gap activ-
ity. This level of core damage was chosen be-
cause it is well beyond that expected for any
accident if safety systems operate as planned.

The criteria also call for evacuation in
what is called a keyhole, that is, in all di-
rections close to the plant and a further dis-
tance in the downwind direction (e.g., a
2-mile radius and 5 miles downwind). This en-
sures that people at greatest risk would evac-
uate early in the event of a general emergency
even if wind direction projections are
incorrect.

This guidance indicates that people close
to the plant should not evacuate if imminent
catastrophic containment failure that could
release large fractions of the radioactive ma-
terial in a puff (<1 hr) is likely. The goal
is to shelter people inside their homes as the
puff release moves by. This at best would be
effective only for puff releases (short dura-
tion); for a long-duration release, most of
the release and accompanying dose can be
avoided by early evacuation. Therefore, ef-
fective application requires that the duration
and timing of the release be known (predict-
able), which may not be the case early in a
severe accident. In most cases, puff releases
would be the result of containment failures
that were (1) unpredictable (e.g., bypass ac-
cidents or explosions) or (2) the result of
overpressurization. Over-
pressurization failures would most likely be
far from imminent (following detection of core
damage), allowing considerable time for pre-
cautionary evacuation of areas near the plant.
The actual time of failure resulting from
overpressurization would be unpredictable.
Therefore, this part of the criteria is gener-
ally applicable only for those situations
where the timing of an imminent puff release
is certain. An example would be the con-
trolled venting of the containment by the
licensee. Consequently, for most core damage
accidents (general emergencies) the population
close to the plant should be evacuated.

After implementation of protective ac-
tions near the plant (based on an assessment
of plant conditions) the determination of the
need for additional protective action may re-
quire dose assessments/projections. Bounding
dose calculations also may be very iseful in
comparing the consequences of varicjs plant
response options (e.g., venting the contain-
ment versus allowing later containment fail-
ure). In the past, dose assessments have been
based on licensee stack monitor readings.
However, during a severe accident (core dam-
age), releases may not be characterized by the
stack monitor. Severe accident releases can

bypass the stack monitor or the accident con-
ditions could prevent adequate characteriza-
tion of release. In addition, since effective
protective action requires prompt
implementation, an attempt should be made to
project the magnitude of a release before it
occurs (rather than waiting until it goes out
the stack). Therefore, in performing dose as-
sessments, the NRC estimates the possible
offsite releases based on the probable range
of accident conditions and not just on stack
monitor readings. These consequence estimates
take into consideration the current and pro-
jected status of the core and possible release
pathways.

Some simple tools have been developed
that could at least provide a bound of possi-
ble offsite consequences, based on considera-
tion of plant (core and containment)
conditions. Figure 2 is a very simple example.

Figure 2 uses the concept of an event
tree to display the potential consequences for
public health due to severe accidents. Moving
from left to right in the figure, "yes/no" an-
swers to scenarios at the top result in a se-
ries of branches, possibly to offsite
consequences. For example, if only the radio-
active material contained in the fuel pins
(gaps) is released with late containment fail-
ure, the offsite consequences would be small
(branch 7 in Tig. 2). If all the answers are
yes, branch 1 indicates extremely severe
offsite consequence. Figure 2 illustrates two
fundamental public health questions during an
emergency response at a light water reactor:

What is the status of the reactor core?
What is the status of the reactor
containment?

The answers to these two questions scope the
level of threat to the public and the need for
offsite emergency response.

Other examples of simple tools used to
bound offsite consequences based on plant con-
ditions are the 15 precalcuiated offsite dose
projections for severe accident conditions and
for many meteorological conditions presented
in NUREG-1062 Dose Calculations for
Severe LWR Accidents (USNRC, 1984).

NRC recognizes that dose projections must
be used with great caution because of the
great uncertainties associated with making
such assessments during severe accidents. Ta-
ble 1 gives an overall estimate of the uncer-
tainties associated with dose assessment for
severe reactor accidents. The NRC response
staff has estimated that, at best, dose pro-
jections made during a severe accident may be
within a factor of 10 of the average field
monitoring results—at worst, dose projections
could be off by several factors of 10. The
largest single component of this uncertainty
is source term estimation. Unanticipated cat-
astrophic containment failure is an example of
an accident for which source term and conse-
quently the offsite dose could be underesti-
mated by a factor of 100,000 or more.
Nevertheless, performing dose projections is a
useful tool for determining where to conduct
early monitoring or where implementation of
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additional protective measures should be con-
sidered, but reliance should be placed on
field monitoring results as soon as possible
after an actual release.

I would also like to reassure you that
the NRC recognizes that its role early in the
response to an accident is to monitor. In co-
operation with local officials, licensees have
developed site-specific criteria for recom-
mending protective actions to the public ac-
cording to the previously discussed concepts.
Licensees are required to report these events
to the NRC within 1 hour (versus 15 minutes
for offsite officials). It is expected to
take an additional hour after notification for
the NRC response organizations tc be activated
and to be prepared to comment on protective
action decisions or recommendations. Calling
the NRC to confirm a preplanned protective ac-
tion would only delay protective action
implementation.

Margulies, T. S., and Martin, J. A. Jr, 1984,
"Dose Calculations for Severe LWR
Accident,"NUREG-1062, U. S. Nuclear Regu-
latory Commission,
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Figure 1.Flow Chart for General Emergency Offsite Protection Actions.
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CORE STATUS CONTAINMENT STATUS CONSEQUENCES

CORE ! CORE MELT
UNCOVERY
(GAP
RELEASE
FROM FUEL
PINS)

EARLY
TOTAL
CONTAIN-
MENT
FAILURE
(BYPASSI

EARLY
MAJOR
CONTAIN-
MENT
LEAKAGE

LATE (24-hr)
CONTAIN-
MENT
FAILURE

YES

i

NO

7. EARLY HEALTH
EFFECTS LIKELY

2. EARLY HEALTH
EFFECTS
POSSIBLE

3. EARLY HEALTH
EFFECTS
UNLIKELY

. A. NO EARLY
HEALTH EFFECTS

5. EARLY HEALTH
EFFECTS VERY
UNLIKELY

. 6. EARLY HEALTH
EFFECTS VERY
UNLIKELY

7. NO EARLY
HEALTH EFFECTS

, 8. NO EARLY
HEALTH EFFECTS

9. NO EARLY
HEALTH EFFECTS

Figure 2.Event Tree For Severe Reactor Accident Consequence Assessment
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ESTIMATED RANGE OF UNCERTAINTY
BETWEEN PROJECTED AND ACTUAL OFF-SITE DOSE

FOR A SEVERE ACCIDENT (CORE MELT)

Element

Source term (event
and sequence)

Dispersion
Diffusion (concentration)
Transport (direction)
Transport (rate)

Dosimetry

Overall (dose and
direction)

At Best

5

2
22°
1

3

10,
22°

Uncertainty

Most Likely

100-1,000

5
45°
2

4

100-10,000,
45°

Factora

Near Worst

100,000

10
180°
10 (low wind speed)

5

100.000,
180°

aThese estimates are for an averaged dose at a location (e.g.,
15-30 min), not for a specific or single monitor reading.

Table 1.Estimated range of uncertainty between early projected dose and
actual off-site dose for a severe reactor accident.
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A History of Aerial Surveys in Response to
Radiological Incidents and Accidents

Joel E. Jobst

ABSTRACT EG&G Energy Measurements Inc., operates
the Remote Sensing Laboratory for the U.S.
Department of Energy (DOE). The Laboratory plays
a key role in the federal response to a
radiological incident or accident. It assists
the DOE in the establishment of a Federal
Radiological Monitoring and Assessment Center
(FRMAC). The Remote Sensing Laboratory has
played a major role in more than 14 incidents,
including lost sources, accidental dispersions,
and nuclear reactor incidents.

I. INTRODUCTION

EG&G Energy Measurements, Inc. (EG&G/EM)
operates the Remote Sensing Laboratory (RSL) for
the United States Department of Energy (USDOE).
The Laboratory has major facilities in Las Vegas,
Nevada, Washington, D.C., and Santa Barbara,
California. It maintains nine twin-engine
aircraft, helicopters and fixed-wing, equipped as
aerial survey platforms. Remote sensing
technologies include: large area radiological
mapping, ground-based radiological measurements,
high altitude aerial photography, multispectral
photography, multispectral aerial scanning, and
airborne gas and particulate saapling. The
laboratory has acquired and developed a broad
variety of remote sensing equipment. Its
personnel acquire, analyze, and report data to
federal and state agencies.

The RSL Is a research facility with
state-of-the-art equipment and modern data
analysis techniques. It has emerged in response
to a unique, clearly-understood need which was
apparent more than 40 years ago, viz., the use of
radioactive materials demands an aerial
measurement system capable of surveying large
areas in a short time. Aerial measurements of
surface radioactivity were made in the United
States as early as 1948, originally to determine
the feasibility of airborne prospecting for rad-
ioactive ore dtposits (Davis and Reinhardt,1957).
In the mid-1950s a series of events prompted the
U.S. Geological Survey (USGS) and Oak Ridge
National Laboratory (ORNL) to develop these
systems for entirely different applications.

Such events included the United Kingdom Windscale
reactor accident, the release of radioactive
clouds from nuclear weapon tests in Nevada and
the mid-Pacific, and the emergence of commercial
power reactors.

In 1959 the U.S. Atomic Energy Commission
(AEC) asked EG&G, Inc., to develop a dedicated
system for use at the Nevada Test Site. The
Aerial Measuring System (AMS), as the program is
now known, became operational In November 1960;
the first large-area survey was conducted in
1961.

System development and operational
capability have grown continuously under the AEC
and its successors, the U.S. Energy Research and
Development Agency (ERDA) and the USDOE. Aerial
radiological surveys are now conducted for a
variety of scientific objectives. And because
the RSL provides aerial survey platforms, a broad
variety of data acquisition and analysis
hardware, and a cadre of dedicated reaote sensing
experts, the Laboratory has become a development
center for many remote sensing technologies.

Hundreds of routine aerial surveys have been
completed over the entire United States, some
over international waters, in the raid-Pacific,
and in foreign countries. This report, however,
primarily sunmarlzes those Laboratory surveys
conducted in response to radiological incidents
and accidents. Thirteen surveys will be
discussed.

II. LOST COBALT-60 SOURCE

In the summer of 1968 the Laboratory was
called by the Radiological Assistance Program
Center in Albuquerque, New Mexico. A 330 mCi
cobalt-60 source was lost during routine
interstate shipment from Salt Lake City, Utah, to
Kansas City, Missouri, a distance of 1930 km. At
the Kansas City freight terminal the empty lead
storage container was found on its side, the lid
broken open, the source missing. From Salt Lake
City a Laboratory fixed-wing aircraft flew the
exact route of the truck at 120 m above the
highway. On the second flight day, the crew
observed a strong radioactive signal just east of
the Missouri River, near St. Joseph, Missouri.

Subsequent passes pin-pointed the location;
spectral data confirmed the presence of Co-60.
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After landing in St. Joseph, the crew drove to
the site and located the source within 10
minutes, using hand-held instruments. The source
was a 9-cm-long stainless steel capsule, lying
just off the road, within 75 m of the nearest
residence. Using standard health physics
procedures and an improvised radiation shield,
the crew recovered the source and turned it over
to the authorities.

III. ATHENA MISSILE

On 5 July 1970, an Athena missile was
launched by the U.S. Air Force from Green River,
Utah, as part of a routine test program. A
system malfunction caused the missile to
overshoot the target zone at the White Sands
Missile Range in New Mexico. The missile was
tracked to low altitude about 650 km south of the
United States/Mexico border, near Torreon,
Mexico. Because of the rugged terrain and maps
with little detail, ground crews failed to find
the missile, despite an intensive two-week-long
search. Since the missile contained two 470 mCi
Co-57 sources as part of its payload, the
Laboratory was requested to join the search.
After flying a grid pattern for 2-1/2 hours, a
fixed-wing aircraft located the source. Positive
identification was obtained from gamma spectral
data. The following day the aircraft guided
ground crews to the impact site, a shallow crater
approximately 5 m in diameter.

IV. HAVE S1NEH-1

In August 1971 the Laboratory cooperated
with the U.S. Air Force and several other
agencies in a research project called HAVE
SINEW-1. An Air Force Athena rocket carrying six
Independent payload packages was launched from
the Green River Launch Site in Utah. The
packages were expected to land, separately) at
the White Sands Missile Range. Each package
contained either a 50 mCi or a 100 nCi
tantalum-182 gamma radiation source as an aid to
recovery at White Sands. After the packages were
radar-tracked to the Range, the Laboratory
conducted an aerial search with a large array of
Nal detectors mounted in a fixed-wing aircraft.
Each of the payload packages was a simulation of
a radioisotope heat source intended for use in
instrumented satellites.

Four of the six payloads were recovered
intact, with their radiation sources. In
addition, two of four 50 mCi sources were

* i

recovered, detached from their payloads. The
latter apparently disintegrated upon reentry.
The two remaining 50 mCI sources, as well as
their respective payloads, wer» never recovered.
It has been speculated that these disintegrated
prematurely, never reaching the expected impact
zone. This early experiment demonstrated
effectively that the aerial detection sy3tem
could be used to search for lost radiation
sources.

V. MID-PACIFIC ISLANDS

From 1946 through 1958 the United States
conducted a number of nuclear weapons related
tests in the mid-Pacific at Enewetak and Bikini
Atolls. These are part of the Northern Marshall
Islands, 4000 km southwest of Honolulu. Forty-
three tests were conducted at Enewetak, 23 at
Bikini. In 1972 the AEC conducted a detailed
survey of the total radiological environment of
Enewetak Atoll (USAEC 1973). More than 4500
samples from the marine, terrestrial, and
atmospheric components of the Atoll environment
wr;re analyzed with Instruments and radiocheraical
techniques. The Remote Sensing Laboratory
provided photographic base maps and a detailed
aerial survey of the gamma-radiation levels on
all islands of the Atoll. It was found that
Sr-90, Cs-137, Co-60, and Pu-239 were the
predominant radioactive isotopes still present.

From mid-September through mid-November 1978
an even more extensive aerial survey was
conducted in the Northern Marshall Islands
(Tipton and Maibaum, 1981). A large array of Nal
detectors was mounted on a U.S. Navy helicopter
which operated from the flight deck of the USNS
Wheeling, a missile tracking ship. A total of
eleven atolls and two islands were surveyed.
Detailed contour maps were prepared for exposure
rate and concentrations of Cs-137 and Co-60.

In addition to the aerial survey work, the
Laboratory also provided in-situ gamma
measurements during the Enewetak clean-up program
from 1977 to 1979. These data were obtained with
high-purity germanium detectors mounted on
tracked vehicles (Tipton et al., 1981).

VI. B0MARC MISSCLE SITE

In November 1973 the Laboratory flew a
radiation survey over a deactivated U.S. Air
Force Bomarc missile site near McGulre Air Force
Base, New Jersey. A fire had occurred in one of
the missile bunkers in 1960; fallout from the
resulting cloud of smoke and debris distributed
weapons grade plutonium around the site. A large
array of Nal gamma ray detectors was externally
mounted on a military UH-1N helicopter. By
flying a flight pattern at 23 ra and hovering at
15 m, a Laboratory crew was able to map the
dispersion of Am-241, an isotopa which
accompanies the plutonium and allows it to be
mapped from an aerial platform. Surface
concentrations as high as 0.81 |j g/m2 were
measured and a distribution map was provided to
aid in site clean-up.

VII. COSMOS 954 SATELLITE

Perhaps the most celebrated incident
involving the DOE Remote Sensing Laboratory began
when U.S. observers noticed a change in orbit of
the Russia satellite. Cosmos 954 (USDOE, 1978).
The satellite, powered by a nuclear reactor,
plunged back Into the earth's atmosphere on 24
January 1978. It impacted in the Northwest
Territories of Canada, scattering radioactive.
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debris over an estimated ar^a of 52,000 km2. The
search and recovery effort, called Operation
Morning Light, was a joint program of the
Canadian Combined Forces and the USDOE, which
coordinated the efforts of many U.S. Federal
Agencies and private contractors. Large arrays
of detu'tors, operated by radiation physicists
primarily from the United States, were flown at
low altitudes in Canadian C-130 aircraft which
covered thousands of kilometers each mission.
Helicopter teams, equipped with hand-held
equipment, investigated hits and recovered
debris. The recovery effort was extremely
difficult because of major logistics problems in
so large a search area, the remoteness of the
site, snow, and extreme cold. More than 100
large pieces of radioactive debris were
recovered. But it has been concluded that the
reactor core disintegrated during reentry,
scattering radioactive partlculate matter over a
broad area. Since it was impossible to locate
and recover any more than a small percentage of
this debris, even with the best technology
presently available, further recovery effort was
terminated after several months of intensive
work.

VIII. THREE MILE ISLAND

On 28 March 1979 the Three Mile Island (TMI)
nuclear reactor was shut down after suffering a
major accident which has forever changed the
history of nuclear power (Beers et al., 1984).
The RSL flew 167 helicopter missions between 28
March and 25 June 1979. Airborne instrumentation
was used to identify Isotopes, to determine the
direction of the plume of radioactive gases
emanating frora the crippled reactor, and to
measure the maximum radiation levels inside the
plume. During the first few days the effluent
was dominated by Xe-133m and Xe-135. On the
first day Kr-88 and its daughter, Rb-88, were
also observed. Later the predominant radiation
was from Xe-133. The highest exposure rate, 15
mR/h, was measured at 90 m altitude, 0.4 km from
the reactor, on 30 March 1979. On the same day
an exposure rate of 4.0 mR/h was measured 5 km
from the reactor.

The preponderance of radioactive gases, and
the absence of radioactive partlculate matter in
these measurements, suggested that the accident
would produce little radioactive fallout downwind
of the reactor. This was corroborated by an
elaborate sampling program for soil, water, and
biota, performed by many Federal and private
agencies working cooperatively after the
accident.

Confirming evidence was obtained in an
aerial survey of an 82-square-kilometer area
centered on the nuclear reactor, conducted by an
RSL helicopter in October 1982 (Colton, 1983).
The highest exposure rates, up to a maximum of
200 pR/h, were inferred from data measured
directly over TMI facilities. This radiation was
due to Co-58, Co-60, and Cs-137, which was
consistent with normal plant operations. For the
remainder of the survey area, the inferred
radiation exposure rates varied from 6 to 14
L/R/h Ground measurements, including soil samples
and pressurized ion chamber readings, were in

agreement with the corresponding aerial data.
With the exception of the activity measured
directly over TMI facilities, no evidence was
detected of any contamination which might have
occurred as a result of past reactor operations
or che TMI Unit 2 accident. Ground and aerial
results from 1982 agreed with those obtained in a
1976 aerial survey of a considerably larger area
(Fritzsche, 1977).

IX. NEUTRON LOGGING SOURCE IN VENEZUELA

In early March 1982 an oil well logging
company lost a strong neutron source in
Venezuela. It was an americium-beryliium source
with a neutron yield of 4x10 n/sec; such sources
are routinely used for down-hole research in oil
drilling operations.

It was assumed, at first, that the source
accidentally fell from a storage container broken
open during transportation from the field. The
transportation route was searched by teams in
vehicles and on foot, using conventional
hand-held detectors. Villages were searched. A
large reward was offered. After six weeks a team
from the RSL was called. They brought propor-
tional counters filled with hellum-3 to 3
atmospheres absolute pressure. Each of three
modules contained eight tubes, 5.1 cm in dlaneter
by 1.8 n long. They were mounted aboard a
Venezjelan helicopter for the aerial search.

The helicopter flew the 175-km road between
the operations base and the well site, as well as
a 0.8-kilometer-wide area on each side of the
road and all river crossings. All cities, towns,
and villages within several kilometers of the
road were flown. The logging site and all
drilling rigs In the vicinity were alBo flown.
This work was done at 91 m altitude, with 300-to
460-m line spacing. Seven rivers In the vicinity
were flown at 46 m altitude. Calculations
Indicate that at a survey altitude of 91 a and an
aircraft velocity of 35 m/sec, the neutron source
would have been readily detectable at lateral
displacements as great as 580 m. Despite this
sensitivity and despite a well—planned,
carefully-executed search, the source was never
found. It haB been speculated that the source
was stolen and quickly removed from the area,
either for profit or to embarrass its owners.

X. COBALT-60 DISPERSAL IN MEXICO

In November 1983 one of the most serious
accidental dispersions of radioactive material
occurred in Cludad Juarez, Chihuahua, Mexico. A
Picker C-3000 Co-60 teletheraphy machine was
disassembled for scrap steel. The source
capsule, containing an estimated 450 Ci of Co-60,
was ruptured. The capsule contained 6000 to 7000
cobalt pellets, each 1 mm x 1 mm in size and
having an activity of 40 to 100 mCi. Individual
pellets were found at the disassembly site, in
the transporting vehicles, along the roads to
foundries In Juarez and Chihuahua and in the
scrap piles and processing equipment. An
estimated 218 Ci of Co-60 was melted into 7000
tons of steel products such as reinforcing bar,
metal table bases, and electric motor parts.

When the RSL was deployed on 27 February
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1984, nearly 3 months after the initial dispersal
of the Co-60 pellets, contaminated steel products
had been distributed In northern Me;:ico, much of
the United States and several other countries.
Using a helicopter and an array of Nal detectors.
Laboratory personnel conducted an aerial survey
over El Paso, Texas; Anapra, New Mexico; and the
cities of Juarez and Chihuahua in the state of
Chihuahua, Mexico. The total area surveyed over
these cities was approximately 520 km2 . Both
sides of the highway linking Ciudad Juarez and
the city of Chihuahua, were also surveyed, a
distance of 365 km. Between March 2 and March 24
a total of 700 km2 was covered; 45 Co-60
anomalies were detected, due either to pellets or
to contaminated steel. All of the pellets
discovered with hard-held instruments or in the
aerial search have been recovered. Most of the
contaminated steel producLs have been returned to
Mexico and buried. Unfortunately, because of the
nature of the source and its wide dispersion in
the environment, complete recovery is neither
possible nor certifiable.

XI. READING PRONG SURVEY

In December 1984 the home of Stanley Watras
in Boyertown, Pennsylvania, was found to contain
excessive levels of radon gas (Hoover and Mateik,
1986). Shortly thereafter the RSL began an
aerial survey covering 260 km2 over the Reading
Prong. This is a huge geological formation
underlying Boyertown and many other cities in
Pennsylvania, New Jersey, and New York. The
survey was requested by Pennsylvania's Department
of Environmental Resources to help Î c :te regions
where buildings might contain elevAt i levels of
radon gas, a naturally radioactive gas produced
by the decay of radium contained in the Reading
Prong.

The results of this survey were presented in
contour maps showing regions which wyre above the
natural background radioactivity in the area. It
was observed that elevated activity frequently
coincided with known geological faults. It is
suspected that other highactivity areas may
correspond to previously unknown fault zones or
to regions where uranium- and radiumbearing rock
are unusually close to the surface. There is
some evidence that faults act as conduits,
allowing radon to escape to the earth's surface.
The results of the survey are being used in
further research on the radon problem.

XII. SOUTR HOUSTON

On 6 May 1985 the Laboratory began a 5-week
survey of many contaminated sites south of
Houston, Texas. During the 1950s and 1960s the
Hastings Pharmaceutical Company and several
successor companies manufactured technicium and
radium sources for medical use, Cs-137 sources
for well-logging, and other radiochemical
products. Because of poor quality control in
manufacturing and carelass dumping of trash and
product residues, many different sites were
contaminated. The Texas Department of Health
Resources, acting on anonymous tips, found
cesium, cobalt, and radium contamination
exceeding 30 to 35 mR/h contact readings in

completely uncontrolled areas. After a thorough
review of the available data, Health Resources
called upon the USDOE for assistance. The RSL
flew a prid pattern over South Houston with a
helicopter at an altitude of 46 a. A 455 km
area was covered with tight line spacing.
Industrial areas in four small cities were also
surveyed, as well as seven waste dumps. Eleven
Cs-137 anomalies were found, five of which hari
been previously identified. The new sites
appeared to be the result of contaminated
landfill used at various home construction sites.
Several other anomalies were observed: 3 due to
Ra-226, 1 to Co-60, and 3 to Ir-192.
Thirty-seven other hits were just above the
minimum detectable Cs-137 activity of the aerial
system. The Texas Department of Health Resources
is still investigating and evaluating the results
of the aerial survey.

XIII. RESSEMER, ALABAMA

On 2 July 1985 the Laboratory was requested
to assist the Alabama Department of Public Health
in locating three Cs-137 sources which
disappeared when a Uniroyal Tire and Rubber
Company production line was scrapped. Two of the
sources were 50 raCi, one was 10 mCI; they were
used as gauging sources on a tire production
assembly line in Opelika, Alabama.

Seven potential sites were identified by
Alabama Public Health: steel companies, scrap
yards, and a rubber company. In two days all
seven were overflown by a helicopter search team
at an altitude of 30 m. Because of their small
size, all positioning was based on visual
navigation and radar altimeter information.

The remains of the three sources were found
at the V.S, Pipe and Foundry Co. in Bessemer,
Alabama. It has been theorized that the sources
were dumped into a hopper along with tons of
steel scrap, and smelted to produce steel pipe.
The sources appear to have been volatilized
during the smelting operation, went up the stack
as particles or vapor, which was trapped and
collected in a bag house. The debris from the
bag house was dumped onto an area measuring 80 n
by 18 n which indicated elevated exposure rates.
Gamma spectra confirmed the presence of Cs-137.
None of the other six sites showed any
contamination above background levels.

XIV. SEQUOYAH FUELS UP.ANIUM HEXAFLOURIDE
ACCIDENT

On 4 January 1986 a tank containing more
than 12,700 kg of uranium hexaflouride exploded
at the Sequoyah Fuels Corporation facility in
Gore, Oklahoma. The RSL responded quickly to a
request from the U.S. Nuclear Regulatory
Commission (NRC). Ground-based measurements with
a high purity germanium detector were begun
within 36 hours of the explosion and continued
for a week. The measurements were made
principally in the downwind direction from the
facility and In public areas. These results were
made available to the NRC within hours of
collection. An aerial gamma survey was conducted
in an 8 km by 8 km area surrounding the facility.
Radiation contour lines were overlaid on an
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aerial photograph of the site. The radiological,
maps were available on the eighth day following
the accident.

Laboratory personnel also obtained high
altitude and intermediate altitude photographic
imagery, In both the visible and infrared regions
of the spectrum. Hundreds of documentary
photographs were also taken of the damage and
clean-up operations at the facility.

XV. ROUTINE SURVEYS

The purpose of this paper was to present a
summary of the radiological accidents and
incidents to which the RSL has contributed its
unique capabilities. A proper perspective,
however, demands wider focus. The routine work
of the Laboratory, over more than a quarter
century, has made a significant contribution to
the definition of our environment. The nature of
natural radioactivity, the extremes of its range,
and the human contribution to our background are
better understood in the United States than
anywhere else In the world. Routine Laboratory
work has provided the equipment, facilities, and
programs for developing truly unique techniques
and capabilities.

Routine work for the Laboratory has
included:

1. Detailed radiological maps of the Nevada Test
Site. Dozens of surveys, conducted with both
fixed-wing aircraft and helicopter, have
provided contour maps of fallout patterns
produced during atmospheric testing (Boyns,
1986).

2. Nuclear Regulatory Commission (NRC) facili-
ties. The NRC has jurisdiction over uranium
processing facilities and radiological waste
sites which are regularly surveyed by the
Laboratory. In addition, commercial nuclesr
reactors are surveyed. A background survey
is conducted before the reactor achieves
critlcality. Regularly scheduled surveys are
made over each operating reactor every few
years. To date, 144 surveys have been
conducted for the NRC.

3. Research and production laboratories. For
the DOE Office of Nuclear Safety the Labora-
tory surveys the DOE national laboratories,
nuclear production facilities, other research
facilities and sites of special interest. A
total of 57 radiological surveys have been
conducted at such sites, not including those
specifically discussed above.

4. FUSRAP and UHTRAP sites. For the DOE Office
of Nuclear Engineering the Laboratory has
surveyed many sites formerly used for the
production or disposal of nuclear materials,
under the Formerly Utilized Sites Remedial
Action Program (FUSRAP), and mines and mill
sites, under the Uranium Mill Tailings
Remedial Action Program (UMTRAP). A total of
53 such sites have been surveyed.

5. Miscellaneous sites. The Laboratory has also
conducted aerial surveys of seven other

sites, for the Environmental Protection
Agency and the U.S. Geological Survey. At
each of these sites there were special
concerns related to radiological safety.

6. Ground surveys. The Laboratory has deployed
high-purity germanium detectors on ground-
based survey platforms for detailed analysis
of the isotopic composition and concentra-
tions at contaminated sites. In addition to
the work at Enewetak, mentioned above, ground
surveys have been completed at 33 additional
sites.

In summary, the Remote Sensing Laboratory is
a major technical resource of the U.S. Depart-
ment of Energy. Hence, it plays a key role in
the federal response to a radiological incident
or accident. It also assists the DOE in the
establishment of a Federal Radiological Monitor-
ing and Assessment Center (FRMAC) (Doyle, 1986).
Many sophisticated remote sensing systems are
deployed to a FRMAC, along with an advance
communications system to link the participating
local, state, and federal agencies. In antici-
pation of emergency deployment, Laboratory
personnel regularly participate in radiological
training exercises; they have played key roles
in 16 major exercises since May 1975.

This work was performed by EGSG/EM for the
United States Department of Energy, Office of
Nuclear Safety, under Contract Number DE-AC08-
83NV10282.
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Status of Aerial Survey Emergency Preparedness and Ground
Support Equipment, CaHbration, and Sensitivities

Thomas S. Dahlstrom

ABSTRACT During the course of EG&G Energy
Measurements, Inc. history in aerial sur-
veillance, the scope of response has broadened
from routine surveys and accident response with
aerial systems, to being prepared to respond to
any radiological incident with aerial, ground
mobile, and hand-held instrumentation.

The aerial survey system presently consists
of four MBB BO-105 helicopters outfitted with
gamma pods and specialized navigation systems
(MRS or URS) that allow the operator and pilot
to fly well-defined survey lines.

Minimum detectable activities (MDA) for
various isotopes range from a few tenths of a
mCi to 100 mCI for point sources and from 1 to
200 pCi/g for volume sources.

fixed-wing aircraft, and various ground-based
vehicles. The system displays to the operator
all required radiation and system information in
real time, via a 5-inch CRT display and multiple
LED readouts. All pertinent data are recorded on
3M cartridge tapes for post-mission analysis on
minicomputer systems.

The system employs five Z-80 micro-
processors with AM9511 arithmetic processing
chips to perform the data collection, data
analysis, data display, position end steering
calculations, and data recording which are all
under operator control. The system allows access
to the main processor bus through both serial
and parallel data ports under control of the
Control Processor.

The system consists of the following
subsystems:

I. AERIAL SYSTEMS

A. Gamma Survey Equipment
A Mfcsserschmitt-Bolkow-Blohm (MBB)

BO-105 helicopter is used for low altitude gamma
radiation surveys. The aircraft carries a crew
of two and a lightweight version of the Radia-
tion and Environmental Data Acquisition and
Recorder (REDAR) system. Two pods, each contain-
ing either ten 12.7 cm diameter by 5.1 cm thick,
or 10.2 cm square by 40.6 cm long sodium iodide,
Nal(Tl), detectors, are mounted on the sides of
the helicopter.

The preamplifier signal from each
detector is calibrated with a Na-22 source.
Normalized outputs of each detector is combined
in a 10-way summing amplifier for each array.
The outputs of each array are matched and
combined in a 2-way sunning amplifier. Finally,
the signal is adjusted in the analog-to-digital
converter (ADC) so that calibration peaks appear
in pre-selected channels of the multichannel
analyzer of the REDAR.

1. The REDAR System. REDAR is a
multi-microprocessor, portable data acquisition
and real-time analysis system. It has been
designed to operate In the severe environments
associated with platforms such as helicopters,

1. Two independent radiation data collection
systems

2. A general purpose dati 1/0 system
3. A tape recording/playback system
4. A CRT display system
5. A real-time data analysis system
6. A microwave ranging system with steering

calculation and display

The multichannel analyzer collects 1024
channels of gamma ray spectral data (4.0 keV/
channel) once every second during the survey
operation. The 1024 channels of data are sent to
the single channel processor and are compressed
into 256 channels with partitions. Table 1
summarizes the spectral data compression
perforated by REDAR.

The spectrum is divided into the three
partitions with the appropriate energy coeffi-
cient to make the width of the photopeaks
approximately the same in each partition. The
resolution of Nal(Tl) crystals varies with
energy, permitting the compression of the
spectral data without compromising photopeak
identification and stripping techniques. In the
first partition (channels 0-75), the data is not
compressed permitting stripping of low energy
photopeaks, such as the 60 keV photopeak from
Am-241.
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Table 1. REDAR Spectral Data Compression

Ey(keV)

0-300

304-1620

1624-4068

4072-4088

>4088~analog

cut off

Channel Input

0-75

76-405

406-1017

1018-1022

1023

1024

Energy Coefficient
E{keV/channel)

4

12

36

N/A

N/A

Unused

Compressed
Channel Output

0-75

76-185

186-253

254

255

256

The spectral compression technique
reduces the amount of data storage required by a
factor of four.

The 256 channels of spectral data are
continuously recorded every second. The REDAR
system has two sets of spectral memories. Each
memory accumulates four individual spectra. The
two memories are operated in a flip-flop mode,
every 4 seconds, for continuous data accumula-
tion. While one memory is storing data, the
other is being transferred to magnetic tape.

2. Helicopter Positioning. Helicopter
position is established using a Del Norte UHF
ranging system (URS) and an RT-220 radar
altimeter. The URS master unit, mounted in the
helicopter, interrogates two remote transponders
located outside of the survey area. By measuring
the round trip propagation, time between the
master and the remotes, the unit calculates the
distance to each station. These distances are
recorded on magnetic tape once each second and
in later computer analysis of the data these
distances are converted to position coordinates.

Tablt 2.

Isotope

2*'Am

'3?CS

'3«Cs

60CO

238U

Minimum Detectable Activity tor
Several Selected Radioisotopes as
a Function of Source Geometries

Minimum Detectability Activity"

Point
Source
(mCi)

3.0

0.5

0.4

0.3

90.0

Surface
Source

OuCi/mZ)

0.5

0.08

0.06

0.04

10.0

Volume
Source

(pCi/g)"
a = 10cm

16.0

1.3

1.0

0.7

200.0

'Assuming a survey altitude of 46 meters
"Conversion factor to pCi/g relate to the

average value of a 5 cm deep soil sample.

Under optimum conditions, range
accuracy is _+2 a line of sight to 50 km. The
position accuracy under typical survey
conditions is ̂ 5 m.

The radar altimeter similarly measures
the time lag for the return of a pulsed signal
and converts this to aircraft altitude. For
altitudes up to 150 m, the accuracy is +0.6 m or
+2Z, whichever is greater. These data are also
recorded on magnetic tape so that any variations
in gamma signal strength caused by altitude
fluctuations can be compensated.

3. Minimum Detectable Activity. Table
2 indicates the minimum detectable activity for
several Isotopes as a function of source
geometry for the aerial system as employed In
the Sandia and ITRI survey of April 1981.(1)
These MDA« are typical for most surveys flown
with 12.7 cm diameter by 5.1 cm thick crystals.

4. Comparison of Cylindrical and
Rectangular Log Detectors. It was mentioned in
the description of equipment that the helicopter
can be outfitted with either cylindrical or
rectangular detectors. In our terminology <-'e
refer to these as 5x2 pods or log pods,
respectively.

The original thought was to Increase
the overall area and volume of the detector
system to increase sensitivity at the higher
energies. This would be particularly useful in
the case of looking for lost sources like 137-Cs
and 60-Co or other isotopes with higher ener-
gies. The usefulness when looking for contami-
nation like 241-Am or other isotopes with gamma
rays in the low energy region may not be as
pronounced.

In order to evaluate these pods, the
effective areas for two sets of two pods (counts
In the photopeak divided by uncollided mono-
energetic fluence at the listed energies) were
determined and are presented in Figure 1.

It can be seen that at 137-Cs energies
(662 keV), the difference can approach a factor
of two. (Other curves of effective area vs.
angle and energy are displayed on the poster.)

One interesting Jgct is that the
overall response of the two©/?;terns when looking
at distributed sources such as 241-Am show
almost no difference in sensitivity. It would
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Figure 1. Effective Areas of 5x2 and Log Pods

be more useful operationally to employ the light
5x2 pods because of the weight difference (62
kg) which translates into fuel and allows longer
mission times.

B. Neutron Equipment
The MBB BO-iO5 helicopter can also be

outfitted with a neucron pod consisting of four
modules of eight Helivm-3 proportional counters
each for a total of thirty-two tubes. Each tube
is 5.1 cm diameter by 1.83 n long and is filled
to 2.99 Ata pressure. Each eight tube array
consists of 0.64 en thick polyethylene tubes
which are welded to fora a rigid system holding
the Heliun-3 tubes.

The four modules are enclosed in an
aluninua pod mounted between the skids on the
helicopter. Each module contains its own
pre-amplifier and high voltage supply and
requires only _+12 VDC available f ro« the 8EDAR.

The principle use of this system would
be the recovery of lost neutron sources; e.g.,
well logging sources commonly used by cil
companies.

II. IM SITU GAMMA SURVEY SYSTEM

A. System Components
EGSG/EM has successfully fielded an in

situ gamma analysis system employing high purity
gersanium gamma detectors. This system consis-
ted of the following major components:

1. A vehicle (two types were employed, a four-
wheel drive vehicle and a tracked vehicle.)

2. A HPGe detector and collinator shield.
3. A telescopic pneumatic mast capable of loca-

ting the detector from 0 to 7.4 meters above
ground level (AGL).

4. A 4096 channel pulse height analyzer.
5. A computer, printer, and data storage device.
6. A microwave ranging system (MRS).
7. A 4 leW generator.

1. High Purity Germanium Detector and
Collinator Shield. A HPGe detector was need to
measure the gamma rays from the radlonuclldes
dispersed in the surface and near-surface soil.
The detector was capable of high energy resolu-
tion, typically 1 to 2 keV Full-Width-Half-
Maximum (FWHM) of detected photopeaks. This
high resolution enhanced the ability to identify
photopeaks and quantify their emanating
isotopes.

A lead and cadmium collinator shield
was used to limit the detector field-of-view.
The shield forced the detector to view a
restricted solid angle and circular area on the
ground. The physical angle of the cone was 50"
fron the vertical; however, the cut-off angle at
which gammas could not enter the crystal
(detector) was approximately 60° for gammas with
energies between 0 and 300 keV.

The detector was calibrated using
laboratory point source angular response
measurements folded Into a sensitivity compu-
tation. Several HPGe detectors were used with
the in situ system. Each detector of the Base
design had a similar angular response with the
shield mounted in place. There were, however,
some variations in the absolute efficiency
between the detectors. Conversion factors were
generated based on the angular response of one
detector and were applied to the other detectors
with a relative response factor folded in. The
relative response factor was used to correct for
differences in the absolute efficiency of each
detector. Detector efficiencies were checked
periodically and relative response factors were
adjusted as necessary.

2. Minimum Detectable Activity (MDA).
The aininum detectable soil activity for the in
situ gamma system was dependent on the signal
count r'.r.e and the background count rate. The
in situ system used a photopeak (signal) energy
window and two background windows on either side
of the signal window such that the total width
of the background windows was equal to the width
of the signal window. The MDA for a bare N-type
germarium detector is shown in Figure 2.

The software in the computer of the in
situ system evaluated specific photopeaks in
real time from the energy spectrum obtained from
each measurement. The results were printed out
immediately for interpretation by the operator.
These results included the isotope name, concen-
tration in the soil, and exposure rate. Table 3
lists the routinely monitored radionuclldes and
the associated gamma ray energies.

More detail of the in situ system aay
be found in References 3 and 4.

III. OTHER SYSTEMS

A. Multi Purpose Modular Systens
EG&G/EM is developing other systems

that can be used in a variety of manners in
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Table 3. Radionuclides and Associated Gamma
Ray Energies Routinely Monitored by
the Sn Situ System

Source Energy (keV)

"»Rh

106Ru

'«Sb

'"Ba

'"Cs

'•17Cs

' " E u

S36U

" ' A m

1460.8

834.8

1173.2
1332.4

127.2
197.9
326

475.1
697.5
766.8

1046.6

621.8

427.9
463.4
600.6

81
302.7
355.9

604.6
795.8
801.8

661.6

39.5
121.8
244.7
344.2
411.1
444
778.9
964

1408

591.8
723.3
873.2

1004.8
1274.5

60
86.5

105.3

76.5
1241.8

238.6
583.1
911.1

186.1
351.9
609.3

1120.4

129.3

59.5
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Figure 2. Minimum Detectable Activity (MDA)

non-dedicated platforms for aerial survey or
looking for lost sources. These systems consist
of discrete modules housing the electronics and
detectors.

One example of such a system makes use
of an electronics module containing batteries
and associated power supplies to provide power
to the detector nodules. The detector nodules
are fiber jjlass containers consisting of the
following:

1. Gamma nodule containing two "log" detectors
2. Neutron module containing eight Heliuo-3

tubes, 5.1 cm In diameter by 91.4 cm long in
the same polyethylene configuration as de-
scribed in I.B.

All the real time data reduction and
sygtea control Is done In the electronics unit
utilizing a NSC-800 microprocessor.

With the Inherent portability of these
systems they can be employed in any helicopter
with sufficient space or any vehicle (e.g.
station w?.gons or vans). One can then tap 12 VDC
power from the platform or use internal batter-
ies to power the system. Data output is in the

form of audio or analog to a strip chart.
The flexibility of these systems lends

itself greatly to enhanced emergency response.
This work was performed >J EG&G/EM for

the United States Department of Energy, Office
of Nuclear Safety, under Contract Number
DE-AC08-83NV10282.
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Aerial Systems Support for Nevada Test Site Weapons Testing
Philip K. Boyns

ABSTRACT EG&G Energy Measurements, Inc. opera-
tes two aircraft for the Department of Energy in
support of the Nevada Test Site (NTS) ac t iv i -
t i e s . A King Air B-200 and a Turbo Beech
aircraft are used to perform wind measurements,
cloud sampling and cloud tracking operations in
support of each t e s t .

I . MISSION

Hind sounding measurements are made with a
Doppler radar or a Loran C low frequency navi-
gation system. The aircraft measure winds from
approximately 1,000 feet Above Ground Level
(AGL) to 12,000 feet Mean Sea Level (MSL) at
multiple locations. Meteorological data are
supplied to the Test Controller at the NTS
before each test.

In case of a venting, the aircraft can
collect whole gas and filter saaples and provide
the Test Controller with visual observation of
cloud development and isotopic identification of
the consistency of the cloud. The radiologic
and navigation equipment allow long-range
tracking of airborne radioactivity. The data
acquisition system can provide longitude,
latitude, altitude, direction, and isotopic
content of the cloud on a one second basis.
These two aircraft provide both pre- and
post-event radiological safety information for
nuclear testing at the Nevada Test Site. The
aircraft and measuring systems are maintained in
a state of readiness to meet routine and
accident measurement requirements.

The King Air B-200 (Figure 1) and Turbo
Beech (Figure 2) have the same equipment and can
perform either cloud sampling or tracking
missions.

II. THEORETICAL SENSITIVITY CALCULATIONS
FOR TERRESTRIAL AND POINT SOURCES

A computer has been programmed in FORTRAN
to compute sensitivity of an airborne detector

Figure 1. King Air B-200 Aircraft

Figure 2. Turbo Beech Aircraft

system. The sensitivity of the detector system
is computed for point, surface (<*»»), exponen-
tially and uniformly distributed (<*- 0) sources.
Conversion factors are also computed for concen-
trations of various depth soil samples versus
distributions of the isotopes in the soil. Pre-
selected isotopic distributions in the soil are
0.10, 0.33, 0.50, 1.0, 3.0, 5.0, 7.C and 10.0
cm. A specific distribution can be entered, if
necessary. The conversion factors are given in
units of gammas/cm2 -sec, uCi/m2 and pCi/g for
soil samples up to a specified depth are
computed in 1.0 cm increments. Model and
equations used is shown in Figures 3 and 4.

All conversion factors are calculated for
an lsotropic, cosine (angle 6 ) and an average
between isotropic and cosine detecor response
functions for all source distributions. A
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Figure 3. Model Used for Theoretical Calcula-
tions for Terrestrial Source Detect-
ability.

special response function may be entered for the
detector system. The response may be divided
into 20 increments, of any width for angle from
0 to 90°.

The point source conversion factors are
calculated for isotropic and cosine response
functions with lateral displacements of the
source up to two times the altitude. The signal
Full-Width-Half-Maximum of the signal is calcu-
lated in both time and distance for each lateral
displacement for a specific aircraft velocity.
(Figures 5 and 6).

Point Source
Effective Bottom Detector Surface Area

Source Location

A = elfective surface area of the detector tyslem

Figure 5. Bottom Surface Area of the Detector
System Equation
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Various parameters can be plotted upon
request: flux percentage vs. angle (for finite
source conversion factors), flux per unit
angle, flux per unit area versus angle and the
pCi/g versus depth of soil samples.

Conversion factors are shown in Figure 7
for terrestrial sources of Co-60 and Cs-137.
Table 1 is the minimum detectable activities
for the same isotopes at 91m (300 feet) AGL,
normally flown by the aircraft.

AIRBORNE SOURCES
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Figure 7. Conversion Factors for Terrestrial
and Point Sources

Table 1. Minima Detectable Activities
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III. THEORETICAL SENSITIVITY CALCULATIONS
FOR AIRBORNE SOURCES

Programs were developed t o c a l c u l a t e the
sensitivity of the detector system to radio-
activity uniformly distributed in a cloud. The
calculations assumed the clouds were atleast
3 ha in radius for each gamma energy (Figure 8).

Minimum detectable activities and other
pertinent data are in Table 2 for airborne
clouds of radioactivity for selected isotopes.

IV. EQUIPMENT ON EACH AIRCRAFT

REDAR is a multichannel analyzer that
collects 1000 channels of ganaa spectral data
from 40 keV to 3 MeV. The spectral data are

AIRCRAFT
DETECTORS

AREA A

THE COUNT RATE (CR) AT THE DETECTOR AREA A FROM
AN INFINITE CLOUO (r>3A.) OF UNIFORMLY DISTRIBUTED
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CR = 2AC0 r*C0S9 dOdrdp

CR = AC / / e"-co»8drde
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f
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CR = AC 0 A.

Figure 8. Model Used for Airborne Sources

Table 2. Minimum Detectable Activities for
Airborne Radioisotopes
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compressed into 256 channels and written on taps
with various other parameters, including
aircraft altitude above ground level, position
data (processed by the L0RAN unit into latitude
and longitude coordinates), discrete data
labels, and outside air pressure. The system
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also provides the capability for realtime
onboard spectral analysis. All of the data are
written on tape once every second to provide a
record of the mission for extensive post-mission
analysis.

The gamma detector package consists of two
4 x 4 x 16 in. Nal(Tl) log detectors and one 1
in. diameter x 2 in. thick Nal(Tl) detector.
The detector sensitivities depend on the energy
of the penetrating gamma rays and the branching
ratio of the parent nuclide; hence, only
approximate sensitivities can be given:

Airborne - 2 pCi/liter (5 jjR/h)
Ground deposition - 1.0 uCi/m2 (10 /jR/h)
Exposure rate ranges -

Logs: S to 100 fiR/h
1 x 2 : 50 (iR/h to 6.0 mR/h

HPI tissue equivalent ion chamber data are
recorded by the REDAR system every second. Dose
rate is recorded from 1.5 mrad/h to 10 rad/h.

A 660 Victoreen Integrating Exposure Meter
provides a total integrated exposure to a
maximum reading of 100 R.

A XETEX 30SB Digital Exposure Rate Meter
provides an auto-ranging display in units of
mR/h or R/h.

Two strip chart recorders are used to plot
various parameters recorded by the REDAR system,
usually the radar altitude and the gross count
rates from the log detectors and the 1 x 2 in.
crystal.

Portable survey instruments:

a. Eberline E-500B
b. Eberline R0-2A
c. Baird Atomic

High volume charcoal and IPC-1478 paper filters-
Paper filters:

Charcoal filter:

Flow Rate:

four each 10.16 cm
(4 in.) in diameter
22.86 cm (9 in.) x
26.64 cm (10.5 in.) x
3.175 cm (1.25 in.)
700 1/min (25 ft.'/min)

The whole gas sample system includes a 5.08
(2 in.) IPC paper filter with a variable flow
rate up to 700 1/min (25 ft.7min). The air fil-
ter can be removed and analyzed with a 2 x 2 in.
Nal crystal that is shielded with 0.5 in. of
lead. The spectral data are displayed and
recorded by the REDAR system. Whole gas samples
are compressed into bottles for post mission
analysis.

LORAN C navigation system provides
longitude and latitude for real time displays
and are recorded on magnetic tape every second
(+1500 feet).

Auxiliary equipment outputs are also
recorded every second:

a. REDAR Altitude (0-2000 ft. AGL)
b. Absolute Air Pressure
c. Outside Air Temperature (OAT)

This work was performed by EG&G/EM for the
United States Department of Energy, Office of
Nuclear Safety, under Contract Number DE-AC08-
83NV10282.
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Mobile Robot Response to Actions Associated
with the Release of Hazardous Materials

Harvey B. Meieran

ARSTNACT: This paper presents a rational
and composite summary of tasks and mis-
sions that could be assigned to mobile
robots and other teleoperated devices in
response to accidental releases of ra-
dionct.ive and other hazardous/toxic ma-
terials to the environment. This paper
will also discuss specif o missions that
have been, or could be,
mobile robots operating at
Ch«rnobyl--4 nuclear power plant sites.
Other items and issues that will also be
considered are: availability of appli-
cable mobile robot units, expendabi 11i-
ty/durabiIity/decontamination, j>or tab i -
I ity/maneuverab il i ty/raob i I i ty, communi-
cation techn i']ues, power supply, and
artificial inlet I 1 igcnce/aulonomous navi-
gation interactions.

assigned to
the TMI--2 and

r . INTHODUCT1ON

Many man-made and natural disaster-
ous accidents precipitate loss-of-life
and injuries among persons residing in
the vicinity of the incident. Further-
more, releases of contaminants from the
incident can also create a long-term
(i.e., more than a few days) harsh envi-
ronment for those who survived the ini-
tial effects from the disaster as well
as to members of the emergency response
teams who are trying to mitigate the
consequences of the disaster.

The monitoring, rescue, relief, and
cleanup actions associated with the ac-
cidental release of radioactive, chemi-
cal, biological, and other toxic materi-
als has been historically handled by
emergency response team personnel.
These incidents also include fires,
security, . and civil disorder sitations.

liven though individual emergency
respose team members can be appropriate-
ly attired to protect them from the
effects of the hazardous material conta-
mimin's, they remain to some degree
susceptible to exposure of these mate-
rials. Furthermore, the efficiency of
their motions and general activities in
the affected areas can becoae compro-
mised and somewhat restricted. On the
other hand, the transference of some of
these manipulative and monitoring func-
tions to currently available mobile
robots and other teleoperaled vehicles
can eliminate the probability of expo-
sures by the relief worker to the poten-
tially harmful health hazards.

Activities associated with the
development and deployment of mobile
robots and/or teleoperated devices which
may conduct repair, maintenance, decon-
tamination, decommisisioning, and sur-
veillance/inspection missions in nuclear
power plants and other nuclear industry
facilities are being pursued by a spec-
trum of domestic and international orga-
nizations. These activities are being
complemented with parallel efforts for
robots in other "hazardous industries",
such as explosive ordnance disposal (or
bomb disposal, EOD) fire-fighting, and
mining.

This paper will discuss the appli-
cability and technologies of currently
available vehicles which can assist ii>
responding to incidences associated with
the accidental release of hazardous
Materials. These vehicles have been
manufactured/assembled in nine different
countries, as noted by Gelhaus and
Mcieran (1985), and represent a spectrum
of locomotion techniques, sophistication
of design and operation characteristics,
and degree of autonomy and onboard/off-
board intelligence. They have been

95
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o p e r a t i n g i n v a r i o u s " h a z a r d o u s i n d i i K
t r i e ! : : " , s u c h as n u c l e a r , in i I i I n r y a n d
c i v i I i a n HOP , !. ox i o ma t e r i ;i I h a n d I j ri}i i
g e n e r a l s e c u r i t y , c i v i l i a n c i v i l d i s o r -
d e r s , f i r e - f i g h t i n g , am) m i n i n g . T i m
common; ! I I j t y o I' c o n f i g u r a t i o n s , ;11<|> I i < ;i
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II. MISSION ASKICNMKNTS

A. General Consi'lnrnl ions.
Thoi c a r c m a n y c o m m o n o h a r a c

terist ics assnriiiti'd w i t h <i i s a s t I T S
w h i c h h a v e o e e u r e d in s e v e r a l nun
r e l a t e d i n d u s t r i e s m i d B i t ua( ions ; l h " s e
i n d u s t r i e s a r e , for e x a m p l e , nucleiir
powt't'i c h e m i c a l p l a n t s , a c c i d e n t s o I
system?; t r a n s p o r t ing h a z a r d o u s m a t e r
ifils, and v o l o a n i i erupt i o n s . T h e
b o t t o m line for t h e s e a c c i d e n t ? ; is the
|irosi;iicc of a l i n g e r i n g half h e n v i r o n •
merit c r e a t e d by the a c c i d e n t w h i c h c o u l d
bo d e t r i m e n t a l to the survivor's o f I. lie
a c c i d e n t as w e I I as to m e m b e r s o f the
e m e r g e n c y r e s p o n s e t e a m .

Tin: c o m m o n f e a t u r e s for t h e s e acci
d e n t s in w h i c h t h o r n a r e run I o r I lire a-
I cried i n i I i a I o r r e s i d u a l d e a t h s a n d / o r
i n j u r i e s c a n he l i s t e d o h r o n o l officii 1 ly
a c c o r d i n g to the f o l l o w i n g ten cale|;o
r i o s : a ) i n i t i a l h u m a n d e a t h s ; b ) i ri i
H a l h u m a n i n j u r i e s ; <:) i n i t i a l l i v o -
s toe k d e a t hs ; d ) e r c a t i o n of a ha•/.ard•
ous/'uirsh e n v i i o n m o n t for the s u r v i v o r s
a n d m e m b e r s o f t h e e m e r g e n c y r e s p o n s e /
r e s c u e / r e l i e f t e a m s ; ei a t t e m p t to o l i
n i n a t e t h e m a i n s o u r c e of the c a u s e of
th e i n c i d e n t ( p r o b l e m ) ; I') e v a c u a t i o n ol'
the s u r v i v o r s f r o m t he s c e n e / I o c a Iity of
th e i n c i d e n t ; R ) ret;l n n i l i o n o f the
s c e n e o f t h e a c c i d e n t (if possible.) and
d e a d Jiver.toch b u r i a l ; h) d e l a y e d d e a l In;
a n d / o r i n j u r i e s to t.!ie s u r v i v o r s ; i)
d e l a y e d l i v e s t o c k d e a t h s , i n t e n t i o n n I
s l a u g h t e r , a n d b u r i a l ; a n d j ) r e s i d u a ] ,
lorif! t e r m dcrcont ami na t i on o f the loial
e n v i r o n m e n t ( p r i m a r i l y r a d i o a c t i v e p a r -
tides*, f r o m n u c l e a r p o w e r a c c i d e n t s ) .
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there. a r e ninny c o m m o n c h a r a c t er i a I i <;;
s h a r e d by s e v e r a l wflJ k n o w n anil e x e m p
1 i f i e d a c c i d e n t s w h i c h h a v e recent Iv
o c c u r r e d . T h e most c o m m o n and |re<ni"rtl
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re. 1: c n e M o r h o i ;̂ '. a h e a l t h h a '/• a r<l t ; c I i ju i
a a t. e t h e m a i n s o u r c e o f (lie c a u s e o f 1 li"
i n c i d e n t ; .ir>d e v a o i a l i ;>n o f p e r s o n i K - I
a n d : ; u r v i V D I :; o f t h e a c c i d e n t f r o m I h e
;i t'I't<f t <-d a r e a / m o s t m a n d a i i t o i v a n i l o u e
v o l u n t a r y ) , a n d t h e l o n g l e r m c o n l a m i n a
t i o n l e f t a s a re, r; i d u e 1 r run I lie a* c i d e n 1
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J n I he ens
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I he con I am i nat i o n
a I t r i l»ii I ed t o I he r a
I r • f I w i t h i n I l ie :; t i l l
co iH a i nmen I l>ii i I d i n
I ow i| ii a n I i t i '••: o t I
mi r y, i de en v i ronnie n I
f i r a n t I e ve I ;; w i t li
ace i den t . IIj> I o fit)
t i I y r-va'°uti I ed t he
r ear-1 o r s i 1. e 1 o r a I
< u r r o n t I y l i v e o p e r a
in i ng a v a r i <;t y o I" l a
been ret i red from u
ro l i o l f ; were i n s t a l l
I o lUH'A, or more t h
acc i den t o c c u r r e d .

C.

dent .

e o f I lie TMI 2 a c c i

it o n M a r c h '/.H, \'.iT.i,
w a s ' a n d s I i I I i <; )
d i m i l ' l i v e p a r t i l l or,
el III e o f 1 III r o n e I oi
V, • T h e r e l a t i v e ! v

I :11 i c | e a s e r l I o I h e
d e c a y *'rl t. O i n s i i\ n i

i n d a y s a f t e r I In
, 000 poop I p. vo I unt a

areas around I bl-
ew days. There are
t ing robots per for
.s k:; ; two robots have
so. None o( I hose
ed i nlo 'I'M I 2 pr i or
an <\ vears a ft er I he

Oher'ioby I - " Acci drill .
In the case of the Chernobyl 1

net: i dent, which occurred on April 2\>,
HtHG, the initial two deaths were caused
by the fire in and doslruol ion of I he
reactor building. Several individuals
•lied from accute radiation exposure
within days after the H O C ident and tho
prognosis for others who have been
hospitalized if, somewhat pessimistic.
The environs surrounding the reactor
site were heavily contaminated and
forced the mandaiitory ovnciial ion of more
than 135,000 persons from a 2iV.H) KIJ km
< 1000 si| wile) area around Chernobyl.
II was also necessary to destroy and
bury ii cons i rlerab J e amount of con I ami
nat.ed livestock. The area continues In
remain contaminated find local residents
ari> not expected to be able to return to
their residence for periods! of up to
four years.

The njmrni orfj of the Chernobyl
plant have purchased (or leased) at
leant throe mohile robots from Germany
t.h~ two-tracked MF2 and four-tracked Mh'3
robots and a 33 Mlonne remote control led
bulldozer. These have been operating al
I ho Chernobyl site w i I Ii i n one month
after the accident occurred.

C . l.ako N i os , Canierooris •
The chemicals released on 1 he

night of August XI, l'.)HH from the bed of
the volcanic Lake Nio.s, Cameroons,
instantly kilted more than IfiOO res i



97

dents and left more than 500 injured.
Survivors were later eventually evacua-
ted. Authorities initially expressed
some concern over the lingering chemical
contaminations which could cause some
health problems to the survivors and to
members of the rescue teams. There is a
stronger and more realistic concern
regarding the health hazards being gen-
erated by the decay of thousands of head
of cattle that were instantly killed by
the initial release of chemicals from
the volcanic lake.

D. Other Incidents/Accidents.
A large fraction of transpor-

tiit ion accidents reported almost daily
to FEMA involve trucks and/or trains
carrying hazardous nnd toxic: chemicals.
When there is a release of these mate-
rials, which are frequently accompanied
by fires and explosions, the local resi-
dents art; ordered to evacuate the area.
Some recent accidents have forced the
evacuation of thousands of people from
their residences; they have also been
forced to stay away from the residences
for periods in excess of several days.
The accident at the Bohpal, India Union
Carbide plant killed more than 2000
people and injured another 200,000, many
of whom were evacuated. These three
accidents have also been included in
Table I as examples of incidents that
have similar characteristics to those
associated with nuclear power plants.

E. Locations for Mobile Robotic
Vehicle Act i vity.
The locations where mobile

robots could be employed in and around
those accident sites are: a) indoors
(possibly more than one floor or eleva-
tion); b) within the physical site boun-
dary for the facility having the acci-
dent; and 3) in and around an exclusion
area (external to the physical site
boundaries) surrounding the affected
zone, to include structured and unstruc-
tured terrains.

F. Specific Mission Assignments.
It can be seen from the dis-

cussion in Section 11.A. above and from
Table 1 that there are several common
categories for which mobile robots could
have been used to mitigate the conce-
quences of accidents. First of all, it
should be noted that the use of a mobile
robot(s) in the specific accidents lis-
ted in Table 1 is a speculated considei—
Htion. Robots may not necessarily be
available to the rescue team at the time
they would be most needed. Secondly,
suitable mobile robots may not have
existed at the time an accident, as in

the case for TMI-2.
The primary category which will

dictate the need for a mobile robot is
d), the development of a harsh environ-
ment which can become a hazard to the
health of the rescue/relief worker. If
there is no hazard, then theie is little
incentive to employ a mobile robot and
little chance that the vehicle could
conduct a mission/task that would be
more efficient or cost effective than
that which could be conducted by a human
worker. For this reason it is not anti-
cipated that the utilization of mobile
robots could offer a reasonable alterna-
tive solution to the employment human
rescue workers at the location of an
earthquake where hazardous environments,
outside of collapsing buildings, would
not be expected.

Specific suggested missions asso-
ciated with each relevent category are
listed in 'fable 2. Some of the specific
tasks associated with the various acti-
vities are amplified below: security -
crowd control (during evacuations) and
patrolling deserted streets and environs
from which the local population has been
evacuated. Core samples are being
drilled and taken from the concrete
walls of the TMI-2 reactor; these
samples will be analyzed for fission
product penetration which in turn will
assist planning personnel to develop an
efficient strategy for decontaminating
the reactor's facilities. The carcases
from dead and destroyed animals should
be buried in an excavated trench as soon
as possible (to limit the onset of
health hazards among the survivors).
The specific activities associated with
other missions listed on Table 2 are
described by the title of the mission.

III. DESIGN/PEHFOHMANCB CONSIDERATIONS

A. Locomotion.

1. Mobility/portability.
Specific mobility aspects that would
have to be considered are levels of
operation in a building (more than one
floor), complexity of infrastructure
within a building (stairs, location of
pipes and other obstacles, width of
passageways and doorways, height of
walls and ceilings in buildings), type
of structuring in an outdoor terrain
(texture of surface, placement and
height of obstacles, distances to tra-
vel) .

The robot should be easily
transported to the scene of the accident
in a small van or a small truck (less
than I ton) It should also be able to
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travel under its own power to the find I
destination. Delays in committing its
utilization may cause the res cur: workers
to be unnecnssaril ly exposed to bazar
dons mater i al s .

As it is probable Hint, under some
circumstances, a vehicle may not have
the ability to travel to an iniKcessalilf
locat Lon under its own power-, it may be
necessary to manually carry that vehicle
to the work station. The overall weight
of a vehicle- should then be restricted
to a level that will enable i) to be
carried by no more than four persons up
a flight of stairs.

2. Maneuverability. The
maneuverability of the vehicle should
consider whelher or not the robot will
be operating in a confined indoor,
multiple level indoor, sl.ruclurod out
door terrain (parking lots, roads) or
unstructured outdoor terrain (cross
country, around destroyed facilities).

3. Locomotion techniques.
Most of the current generation of mobile
robots possess either wheeled or track-
type locomotion techniques. The third
basic technique, legged, has been rele-
gated to the role of a research item at
this time. The criteria for the selee
tion of the specific form of locomotion
is based upon the requirement for mohi
lity and specific placement of the robot
iu an outdoor or indoor environment.

B. Cost/Benefit Analyses.
Under normal and non- emergency

circumstances, the robot operator may
have some reluctance to assign the robot
to a mission where there is a finite
chance that the vehicle could become
lost. Under emergency situations, how-
ever, the philosophy of operation
demands that the consequences of thc-
hazardous situation be compromised as
soon as possible so that there is a
minimum loss of life or threat upon the
health of the community, and finally to
minimize damage to the facilities. Tho
operator thus has the freedom to consi-
der the robot more expendable under
emergency situations than under normal
situations.

One of the key issues regarding an
assured and durable life for the robot
is its ability to stay relatively
'clean". A device will soon lose its
ability to conduct, missions if it is not
possible to restore the robot to its
"mint" condition. The levels of conta-
mination and durability will be depen
dendenl upon the design features which
will: a) minimize the number and expo-
sure of as- f(iliri('!il.i"fl erevinis: b> nsi'%

suitably hardened components that wil I
not rapidly degrade under high levels of
radiation; and ci use materials of con-
struction that will not del I T i orale
under high levels of radiation nor in
corrosive atmospheres; and d) the abiIi
t.y of the vehicle to withstand washdown
decon turn i nn I i on arlio/j.s lor either r;idi
ological or chemical i.on t am i nant agents.

It is desirable that there will b<-
a high degree of assurance that the
robot will cont inue to funct ion uni liter
rupliid during its missions in an emer-
gency situation. That is, the vehicle
should have a high availability factor.
This assurance can be gained if the
robot designer utilizes prudent design
and planned maintenance programs (Meir-
m n , ISM). Spare parts and prudent
operating scenarios: wi I 1 be able to ex
tend the; operating life of the vehicles.

C. Communication Teci.n i ques .
There are two basic modes for

communication between the vehicle
operator and the robot : untethered and
tethered. In the former case the
communication is usually by radio (RF,
UHF, microwave) or by infrared. Other
wireless methods have been considered
but. are not. common. The tethered mode
is based upon coaxial cable, fiber-optic
cable, or twisted pair wires. The for-
mer technique permits the robot to be
highly mobile and not restricted to
travelling distances limited by the
length of the cable, along as the power
supply package is located on-hoard the
robot. Distances of noinunication can
exceed 2 km (1.2 m i l e s ) .

The limitations in communication
for the teterless robot can be attri-
buted to HK interference and liue-of-
sight obstacles.

I). Power Supply.
There are two modes of power

supply: on board or off board systems.
In the former case the vehicle can be
tetherless (i.e., no umbilical cord from
the control station or a stationary
power supply system), other 1h«n thai
which may be required for communication
between the operator and the vehicle.
In the latter case a tether will be
required from either a portable power
supply system (usually a gasoline
engine/generator) or from hour, e powi-r
(plug in to the nearest available recep-
tacle). The untethered vehicles will of
course be able to have the higher levi-ls
of in obi] ity and the greater drurens of
freedom. The travel distance for tb*3

tethered vehicles will bo limited by I lie
length of the umbilical cord and I he
form of the paths for travel with obr-.ta
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cles around which the cord could not
nave.

The untethered robots are generally-
powered by batteries (or gasoline
engines in a few cases) and the tethered
robots by house power (110/220/440 VAC).
The limitations for use of the battery
powered vehicles will be dictated by the
time that the robot can operate between
battery recharging periods (which usual-
ly lasts between I and 5 hours). Trick-
le chargers can extend the period of
uninterrupted operation by only a rela
tively short time. On the other hand,
the period of uninterrupted operation
for an AC-powered robot is unlimited.

E. Artificial Intel licence/Auto-
nomous Navigation.
No currently available off-

the-shelf mobile robot possesses any
degree of practical on-board or off-
board intelligence which will enable the
vehicle to independently transport it-
self to a workstation (autonomous navi-
gation) and then conduct its mission
without having further human instruc-
tions. These degrees of sophistication
and intelligence are being pursued by
several current government/non-govern-
ment sponsored projects.

F. Status of Current Technology.
In a recently completed survey

(Gelhaus and Meieran, 1985), it was
noted that there are 69 separate models
of mobile robots that are used to con-
duct a variety of surveillance, inspec-
tion, and manipulative missions in a
spectrum of hazardous environments. It
was also noted by Meieran (1986a and
1986b) that most of these vehicles that
were still functioning could be used to
conduct missions in and around nuclear
facilities during normal circumstances
and to a lessor extent they can be uti-
lized as assistive devices during radio-
logical emergencies.

IV. SUMMAHY AND CONCLUSIONS

The capabilities and advantages of
remote controlled (teleoperated)/robotic
mobile vehicles are now coming to the
attention of those individuals who are
charged with the responsibility to di-
rect efforts to mitigate the conse-
quences of radiological and other hazar-
dous incidents. The direct employment of
these technologies can remove the emer-
gency response team member from a harsh
environment created by the emergency and
thereby eliminate the potential of
having the individual exposed to the
hazardous materials in that environment.

The optimum features that should be
possessed by a currently available, off-
the-shelf mobile robot that is directed
to respond to radiological and other
hazardous environment emergencies are
included in the following items: rela-
tively light weight - less than 175 kg
(385 lbs) for a vehicle that must work
indoors (as well as outdoors) and less
than 700 kg (1500 lbs) for a vehicle
that is committed to an outdoor terrain
having some obstacles; basically able to
travel through standard doorways and
climb stnirs; battery or gasoline fueled
power supply; teleoperator controlled;
untethered; and an optional manipulator
that should be able to lift/transport
more than 20 kg (44 lbs). The recent
advances in minaturization and the em-
ployment of microprocessors and compu-
ters have enabled mobile robots to
become more reliable and versatile in
their missions conducted in the hazai—
dous environment. There are, however,
several issues which may limit the abi-
lity of these devices to respond with
100 X assurance in these situations;
these issues are being addressed to by
several national and government-spon-
sored H & D programs, as for example the
Electric Power Research Institute (Palo
Alto, CA) and the CESAR facility at the
Oak Hidge National Laboratory.
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TABLE 1
SUMMARY OF BKCENT INCIDENTS INVOLVING KELEASES OF HAZARDOUS MATERIALS

Nuclear Plant

Chemical

Transportali on NaturaJ

Cherno- Miamis- San Lake
Chronological TMI-2 byl-4 Bohpal burg Antonio N i os ,

Sequence , PA USSR India OH TX Cameroon

a Initial Human X X X
Deaths

b Initial Human X X X
Injuries

c Livestock X X(?) X
Deaths

d Hazardous to X X X X X X
Rescue Workers

e Eliminate Main X X X X X
Source of Inci.

f Kvacuato 50K 135K >200K 2K >1K .5K
Survivors

g Bury Dead X X(?) X
Livestock

h Delayed Inju- X
ries + Deaths

i Delayed De- X
struction &
Burial Live,

j Residual Long- X X X
Term Contamin.

TABLE 2
SUMMARY OF SPECIFIC MISSION/TASKS TO BE CONDUCTED

BY MOBILK ROBOTS DURING HAZARDOUS INCIDENTS

Chronological Sequence

Initial Eli'mi- Evacu-
Human nate ate

Bury Delayed Residual
Dead Liv«- Long-

Miss von/
Task

Security
Radiation Moitoring
Chemical Monitoring
Core Samp]ing
Bury Livestock

Trench Construct
Destroy Livestock
Sample Aquisition

Sludge
Air
Smear

Video Surveillance
Fire/Chemical Fight
Tunneling
Reactor Repair
Reactor Maintenance
Decontaminate;

Scrape/Scabble
Spray
Coat/Strip

Deaths
Injury

X
X
X

X

X
X
X
X

Main
Problem

X

X
X
X
X

X
X
X
X
X
X
X
X

X
X
X

Survi-
vors

X

X
X

X

Live-
Si ock

X

X
X

X

X

Stock
Destroy

X

X
X

X

X

X

Term
Contain.

•A

X
X

X
X
X
X
X

X
X
X
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Communications Systems for Emergency Deployment Applications
Charles A. Gladden

ABSTRACT The Emergency Response Team
(ERT) c o m m u n i c a t i o n s s y s t e m was
d e v e l o p e d by the U. S. Department of
Energy (DOE) to p r o v i d e r a d i o and
t e l e c o m m u n i c a t i o n s s e r v i c e f o r
s c i e n t i f i c and management e l e m e n t s
l o c a t e d i n , and a d j a c e n t t o , an
emergency a r e a . The t e l e p h o n e system
c o n s i s t s of s i x n o d e s , i n t e r c o n n e c t e d
v i a microwave l i n k s tha t support T-l
data l inks and simultaneous two-way l i v e
v i d e o . The rad io network i s a s e l f -
c o n t a i n e d VHF sys tem arranged around
p o r t a b l e and programmable r e p e a t e r s .
The system i s comprised of approximately
133 DES v o i c e - p r i v a t e r a d i o s and 168
c l e a r t e x t r a d i o s . C a p a b i l i t y i s
a v a i l a b l e in t h e form of p o r t a b l e
I n t e r n a t i o n a l M a r i t i m e S a t e l l i t e
(INMARSAT) terminals that a l l o w d i r e c t
d i a l a c c e s s to c o a s t e a r t h s t a t i o n s in
the U. S. or o t h e r c o u n t r i e s .

C o m m u n i c a t i o n s s y s t e m s f o r
emergency f i e l d dep loyments have been
developed by s e v e r a l organizat ions such
as the N a t i o n a l F i r e Radio Cache, FBI,
White House C o m m u n i c a t i o n s Agency
(WHCA), and m i l i t a r y , e t c . With rare
except ion , however, these are developed
to p r o v i d e r a d i o c o v e r a g e o v e r the
immediate area of the emergency and do
v e r y l i t t l e to a d d r e s s the problem of
providing voluminous telecommunications
within the emergency area or l ink ing the
e m e r g e n c y a r e a w i t h t h e undamaged
p o r t i o n of t h e i n t e r n a t i o n a l d i a l
network.

During the Cosmos incident (Morning
L i g h t ) in January 1978, and the Three
M i l e I s l a n d i n c i d e n t in March 1979 , i t
became i n c r e a s i n g l y o b v i o u s that a l l
c o m m u n i c a t i o n s s u p p o r t s h o u l d be
transportab le and independent of l o c a l
communicat ions s y s t e m s . With t h i s in
m i n d , t h e D e p a r t m e n t of E n e r g y ' s
E m e r g e n c y R e s p o n s e Team (ERT)

communications system has been developed
a r o u n d t h e p h i l o s o p h y t h a t
communicat ions i n , or a d j a c e n t t o , the
emergency area were n o n - e x i s t e n t p r i o r
to the i n c i d e n t or would be damaged or
s e v e r e l y o v e r l o a d e d as a r e s u l t of the
inc ident . With t h i s e s t a b l i s h e d as the
b a s i c p r o b l e m , s y s t e m s h a v e been
d e v e l o p e d which p r o v i d e b o t h r a d i o
c o v e r a g e of t h e e m e r g e n c y a r e a and
t e l e p h o n e s e r v i c e which i n c l u d e the
n e c e s s a r y microwave l i n k s to a s s u r e
i n t e r f a c e to the o u t s i d e i n t e r n a t i o n a l
d i a l network. A part of t h i s microwave
system i s a l s o used to t r a n s p o r t l i v e
v i d e o as w e l l as t e l e c o m m u n i c a t i o n s
between the s e v e r a l major DOE operat ions
nodes wi th in the emergency area.

One of the more important major
e l e m e n t s i s t h e p o r t a b l e t e l e p h o n e
system that provides telecommunications
b e t w e e n v a r i o u s s c i e n t i f i c and
management e l e m e n t s l o c a t e d i n , and
a d j a c e n t t o , the emergency a r e a . This
te lephone system c o n s i s t s of s i x nodes,
packaged and as sembled in r u g g e d i z e d
packing c a s e s , t h a t s e r v e as o p e r a t i n g
racks as w e l l as t r a n s p o r t c o n t a i n e r s .
These nodes are i n t e r c o n n e c t e d v i a ERT
microwave l i n k s tha t support T-l data
l i n k s and s i m u l t a n e o u s two-way l i v e
v i d e o . The m i c r o w a v e l i n k s a r e
i n s t a l l e d i n " r e a l t i m e " on any
a v a i l a b l e high po ints such as b u i l d i n g s ,
t o w e r s , m o u n t a i n s , e t c . and a l l o w the
m a j o r i t y of command and s c i e n t i f i c
s tructures to funct ion at safe d i s t a n c e s
from nuclear emergencies. In the event
trunk c i r c u i t s are u n a v a i l a b l e in the
immediate area, up to 24 c i r c u i t s can be
procured at a remote l o c a t i o n (up to
approximately 50 m i l e s ) and transported
using e x i s t i n g m u l t i p l e x and microwave
a s s e t s . Trunk c a p a c i t y of the b a s i c
t e l e p h o n e sys tem i s 48 "loop s t a r t "
c e n t r a l o f f i c e t r u n k s , w i t h an
a d d i t i o n a l 48 trunk c i r c u i t s that can be
accommodated in a T-l format . S t a t i o n
l i n e c a p a c i t y i s 261 l i n e s when a l l
nodes are f u l l y deployed. The s i x major
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n o d e s a r e t h e T e c h n i c a l O p e r a t i o n s
C e n t e r , Command P o s t , Forward C o n t r o l
P o i n t , Working P o i n t , Forward S t a g i n g
Area, and Main Staging Area.

The r a d i o n e t w o r k i s a s e l f -
c o n t a i n e d VHF s y s t e m a r r a n g e d around
p o r t a b l e and programmable r e p e a t e r s .
The system i s comprised of approximate ly
200 DES v o i c e p r i v a t e r a d i o s and 200
c l e a r t e x t r a d i o s . A l l are p o r t a b l e
hand r a d i o s and h a v e an R.F. power
o u t p u t r a t i n g of a p p r o x i m a t e l y s i x
watto .

VHF r a d i o n e t w o r k i n s t a l l a t i o n
normal ly beg ins with a r r i v a l of the ERT
a d v a n c e p a r t y on s c e n e . The f i r s t
r e p e a t e r c e l l i s i n s t a l l e d in t h e
v i c i n i t y of the a d v a n c e p a r t y command
p o s t or in the v i c i n i t y of the i n c i d e n t
s i t e , i f r e q u i r e d . R e p e a t e r c e l l
coverage i s p r o g r e s s i v e l y increased by
mount ing equipment on a v a i l a b l e h i g h
p o i n t s (mounta in t o p s , t o w e r s , e t c . )
u n t i l the area of emergency has thorough
R.F. c o v e r a g e w i t h a minimum of t h r e e
n e t s . Thie coverage area t y p i c a l l y has
a 2 5 - 5 0 m i l e r a d i u s . S l a v e r e p e a t e r s
are o f t e n used to augment the c o v e r a g e
i n shadow a r e a s or in major b u i l d i n g s
and c o m p l e x e s w i t h h i g h R.F .a 11 enuat i o n
f a c t o r s . A l l r e p e a t e r s are r e g e n e r a t i v e
when opera t ing in the d i g i t a l mode, thus
a l l o w i n g t r a f f i c to be r e p e a t e d 2 -3
t i m e s w i t h m i n i m a l b i t e r r o r r a t e ,
b e f o r e a r r i v i n g at the f i n a l d e s t i -
nat i o n .

L i m i t e d c a p a b i l i t y h a s b e e n
d e v e l o p e d i n t h e form of p o r t a b l e
I n t e r n a t i o n a l M a r i t i m e S a t e l l i t e
(INMARSAT) t e r m i n a l s that a l l o w d i r e c t
d i a l a c c e s i v i a the appropr ia te P a c i f i c
or A t l a n t i c s a t e l l i t e , to c o a s t e a r t h
s t a t i o n s i n t h e V. S . o r o t h e r
c o u n t r i e s . Although t h i s has been used
p r i m a r i l y in e x e r c i s e s , i t s p o t e n t i a l
v a l u e in responding to eaa1 1 to medium-
s c a l e a c e i d e n t s / i n c i d e n t s in i s o l a t e d
a r e a s i s immense. A p r i s e example of
t h i s w o u l d be t o p r o v i d e e m e r g e n c y
c o m m u n i c a t i o n s i n t h e e v e n t of an
a c c i d e n t in an i s o l a t e d area i n v o l v i n g
weapons daaage or r a d i o a c t i v e d i s p e r s a l .

Th i s e a r t h t e r m i n a l has been u t i l i z e d
v e r y s u c c e s s f u l l y in the a n n u a l DOE
i n s p e c t i o n and s c i e n t i f i c a n a l y s i s of
the Amchitka p r o j e c t in A l a s k a . I t s
s m a l l s i z e ( a p p r o x i m a t e l y 3 s t a n d a r d
l u g g a g e c a s e s ) a l l o w s i t t o be
t r a n s p o r t e d on c o m m e r c i a l a i r l i n e s as
luggage . Setup time i s approximate ly 15
m i n u t e s , and the use of a r e l a t i v e l y
s m a l l 4 - f o o t d i s h a l l o w s the s y s t e m to
remain o p e r a t i o n a l in 40-50 knot winds ,
i f proper ly sandbagged.

The ERT c o m m u n i c a t i o n s s y s t e m i s
s e r v i c e d , t e s t e d , and s t o r e d i n e
w e s t e r n U. S. l o c a t i o n . D e p l o y m e n t
t imes vary with equipaent requirements ;
however, the advance party can normal ly
be ready to depart with a l l equipment in
two h o u r s , w i t h a c o m p l e t e d e p l o y m e n t
taking approximate ly 8-10 hours .

Future improvements are planned in
s e v e r a l a r e a s ; however, the most c r i t i -
c a l i s the assembly and f i e l d i n g of the
m u l t i c h a n n e l s a t e l l i t e system which w i l l
p r o v i d e the ERT c o m p l e t e i n d e p e n d e n c e
from any e x i s t i n g e a e r g e n c y a r e a
c o m m u n i c a t i o n s . Other major i m p r o v e -
m e n t s p l a n n e d a r e t o c o n v e r t t h e
m i c r o w a v e baseband to an a l l d i g i t a l
o p e r a t i o n , conver t the VHF radio network
to a ce 1 lu l a r - e a t e 11 i t e o p e r a t i o n , and
p r o c u r e 1.5 Mbps l i v e a o t i o n v i d e o
compressors .

In summation , we f e e l Emergency
Response Team emergency c o a a u n i c a t i o n s
s y s t e a a e e t s t h e o b j e c t i v e s of the DOE
by p r o v i d i n g a p o r t a b l e , l i g h t w e i g h t ,
v e r s a t i l e , h igh c a p a c i t y a y s t e a that can
be f i e l d e d in a r e a s o n a b l e t ime and be
t r a n s p o r t e d by m i l i t a r y a i r c a r g o or
commercial passenger carry ing a i r c r a f t .
V a r i o u s i n c i d e n t s and e x e r c i s e s h a v e
p r o v e n the s y s t e m can be e f f e c t i v e i n
p r o v i d i n g emergency c o m m u n i c a t i o n s in
areas where no other s y s t e a s e x i s t , have
been des troyed or o v e r l o a d e d .

This work was performed by EG&G/EM
f o r the U n i t e d S t a t e s Department of
Energy, Of f i ce of Nuclear S a f e t y , under
Contract Huaber DE-AC08-83HV10282.
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A Mobile Laboratory—Emergency Sample
Analyses at the Accident Site

R. H. Wilson

ABSTRACT The Pacific Northwest Laboratory (PNL)
provides technical support to the Department of
Energy (DOE) with rapid response to the site of
a radiological accident for initial assessment
of radiological conditions in the surrounding
environs. A mobile laboratory manned with a
trained crew 1s capable of collecting, preparing,
and analyzing air, liquid, vegetation, and soil
samples from the areas surrounding the accident
site. Rapid assessment of radiological conditions
is important to enable responsible agencies to
Immediately administer appropriate response and
coordinate any necessary longer-term management
of the accident site. Sensitive Instrumentation
and support equipment provide the capability to
rapidly assess environmental conditions for
uncontrolled areas as stated in DOE Order 5480.1
Chapter XI. A regimen is required to maintain
proficiency and to train new crew members. A
professional team responding with a well-equipped
mobile laboratory capable of providing quick
analytical results has a positive Impact on public
relations. Confidence is also generated among
other agencies with an awareness of the technical
expertise that 1s available for assistance and
backup in the event of a radiological accident.

INTRODUCTION

The Federal Radiological Monitoring and
Assessment Plan (FRMAP), a part of the Federal
Radiological Emergency Response Plan (FRERP)
establishes a means to request and provide federal
radiological assistance and a framework to
coordinate radiological monitoring and assessment
activities of government agencies In support of
federal, state, and local government activities.

The DOE coordinates all federal offsite
radiological monitoring and assessment operations
during the Initial phase of emergency response.
The DOE has the responsibility to provide personnel
and equipment required to coordinate and perform
offsite monitoring and evaluation activities 1n
cooperation with other federal components. The
DOE 1s also designated the cognizant federal agency
(CFA) for both onsite and offsite radiological
events involving DOE-owned materials. In addition,

the DOE 1s also responsible for maintaining
national and regional coordination offices as
points of access to federal radiological emergency
response.

The DOE operations office in Richiand,
Washington (DOE-RL) has been designated as the
point of access for Region 8 (Washington, Oregon,
Alaska). To assist DOE-RL in fulfilling Its
obligation for response 1n the event of a Region
8 radiological emergency, PNL Is charged with
providing appropriate technical support
capabilities.

Of primary concern to both PNL and DOE-RL Is
the rapid and appropriate response to a
radiological Incident. Following the Initial
assessment by DOE and PNL, 1t may be concluded
that more sensitive and detailed analyses are
required to characterize radiological conditions
and define the affected area as quickly as
possible. A mobile unit equipped with the proper
Instrumentation 1s required to make rapid on-
the-spot analyses that identify the radiocon-
taminants and their concentrations In the
environment. With the In-depth measurements
provided by a mobile unit, governmental agencies
and local authorities can Immediately administer
appropriate follow-up actions and coordinate any
required longer-term management of the accident
site.

A mission statement was developed for a mobile
unit and from that mission statement the following
specifications were set forth to provide the level
of analytical capability and support required by
DOE-RL:
1. space for the Instrumentation and support

equipment necessary to make a comprehensive
assessment of an accident area In a maximum
of three days

2. overnight living accommodations for a maximum
of four crew members

3. capability for deployment, operation, and
return through the mountainous terrain of
remote areas (exclusive of travel en
unimproved roads) where supplies may be
limited

4. auxiliary power-generating capability suf-
ficient to Independently operate laboratory
equipment without replenishment for a maximum
of three days

5. equipment capable of detecting concentrations
of gamma-emitting radioisotopes associated
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with major radiological accidents (the
instrumentation should be sensitive enough
to determine whether or not concentrations
in liquid and air samples are above 10 CFR
20 Table II concentration guides and the
instruments should be capable of determining
comparable concentration levelsforvegetation
and oil in short counting times, <5 minutes)

6. equipment and supplies for the collection,
preparation, counting, and analyses of a
minimum of 50 environmental samples per day

7. capability to communicate with the Unified
Dose Assessment Center (UDAC) facility in
Richland when distance and terrain will allow
and with crew members working away from the
unit

8. dosimeters and read-out instrumentation
capable of determining radiation dose in
the environment and the dose received by
personnel worki pg i n the radi ati on envi ronment

9. mobilization capability within one hour.

MOBILE LABORATORY DESCRIPTION

The mobile laboratory is a 27-foot-long fifth
wheel trailer that has been converted into a
laboratory for use in the field. A large pickup
truck with four-wheel drive and a crew cab is used
to pull the mobile laboratory and transport
material, equipment, and people.

The basic trailer was built by Conestoga.
The Snobird-model trailer interior was redesigned
to accommodate counting equipment and still
maintain a reasonable level of comfort for the
crew. Doors, counter space, and cupboards were
rearranged and a heavy support beam was installed
underneath the floor above the axle where the
heavy lead counting chamber was placed. The dry
weight of the redesigned trailer was about 6770
pounds on delivery to PNL. After the equipment
and materials were installed, the dry weight of
the trailer was 10,000 pounds.

Some of the major items installed in the
trailer for the crew's comfort are a 6-ft3
gas/electric refrigerator, 24,000-BTU ducted
furnace, 6-gal hot water heater, 40-gal water
tank and pressure water pump, single sink, 40-gal
gray water tank, wet-bowl toilet, shower, 27-gal
waste tank, air conditioning, storm windows,
awning, 6.5-kW-rated generator with 10-gal gas
tank supply, two twin beds, and Weathertronics
recording wind system. A radio base station was
installed with charging units for four portable
radios.

COUNTING EQUIPMENT

The detector used in the trailer 1s a EG&G
ORTEC GEM Series HPGe (high-purity germanium
coaxial detector system) and a Tracor Northern
TN4000 analysis system, keyboard and display,and
a printer. A special counting chamber was designed
to allow the sample container (450-mL Marinelli
beaker) to be raised into counting position and
yet have 4 Inches of lead shielding on essentially
all sides. A precision track with roller bearings
was installed in the trailer floor to hold the
counting chamber and allow easy movement to its
counting position under the detector or anchor

it in the center of the trailer for the travel
position. Because of its weight (about 800 pounds)
positioning and anchoring the counting chambor
is very important. If the lead chambe» I.
loose during travel it would probably go through
the wall of the trailer during a turn. A pulley
arrangement lowers the detector to the counting
position or holds it securely in its travel
position.

The detector has been calibrated for four
different counting geometries using 450-mL
Marinelli beakers containing liquid, soil,
vegetation, and 2-in-diameter air filter papers
(see Table 1. Counting Efficiencies). Calibration
is accomplished using a National Bureau of
Standards (NBS) source composed of 126Sb, 1MEu,
and Eu which supplies several calibration
points over a wide range of energies. Other
standards such as 6BCo, 137Cs, and m A m are
also available. The equipment has been very
stable and recalibration is scheduled on a
quarterly basis only. A table of calibration
factors (Table 2) has been established for the
four counting geometries across a broad spectrum
of energies so the efficiency for any energy can
be determined with reasonable accuracy. Detection
levels for gamma-emitting isotopes are well below
the concentration limits stated in Table II of 10
CFR 20, Appendix B and in DOE Order 5480.1. These
levels are stated for Individuals; one-third of
these values are considered acceptable for a
suitable sample of the population. This
sensitivity can be achieved using one-minute
counting tines.

THE MOBILE LABORATORY TEAM

Fourteen staff members from the PNL Health
Physics Department having a variety of expertise
in dosimetry and Instrumentation make up the mobile
laboratory team. These people are on a call list,
and in the event of a radiological Incident a
minimum crew of four team members will be assembled
within one hour. During an Incident members
would be alerted to stand by If the need for the
mobile laboratory services had not been determined
immediately.

Crew member training is conducted on a
quarterly basis. During these training exercises
varying aspects of operation such as the
preparation for travel, travel to some location,
set-up for operations, sample preparation, sample
counting, and evaluation of results are practiced.
It 1s not possible to trafn all members at one
time because of other work commitments. A training
session usually consists of five or six members
and all members participate at least twice a year.

The operational duties of the mobile
laboratory crew have been divided into five
functions: team leader, communicator/recorder,
counter/analyzer operator, sample preparer, and
thermoluminescent-dosimeter (TLD) reader operator.

The team leader will be appointed by the PNL
Emergency Preparedness Manager or his delegate at
the time team members are notified to activate the
mobile laboratory. If this individual has not
been appointed at the time of notification, the
first member arriving to activate the laboratory
shall act as team leader to ensure the unit is
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readied for travel and all members of the crew
are assigned to the tasks necessary for the
laboratory, pickup truck, and equipment operation.

The communicator/recorder is responsible for
maintaining communications with the base station
(usually UDAC), crew members, and other teams with
portable radios working in the field. A record
of all activities will be maintained In a mobile
laboratory logbook starting with the preparation
for travel and closing with the return to the
storage location.

The counter/analyzer operator is responsible
for preparing the equipment for operation and
checking the supplies for operation in the field.

The person assigned to sample preparations
at the accident site also participates In the
inventory of equipment to prepare the laboratory
for travel.

The TLD-reader operator will have
responsibility to ensure that the reader and
equipment are operable and adequate supplies are
in the laboratory. This operator will also assist
in preparation for travel, Inventory of equipment,
and set-up for operations at the work site.

Because of the versatility and expertise of
crew members, work assignments can be changed to
relieve crew members or to concentrate effort 1n
some area of the laboratory operation such as
sample preparation. This function Is time-
consuming; when a large number of sample results
are required, most of the crew members direct
their efforts In this function.

PUBLIC RELATIONS ASPECTS

Wherever the mobile laboratory goes, whether
1t is on display or Involved In an emergency
response exercise, 1t stimulates a great deal of
Interest among people who work with or tour It.
People participating In large emergency response
exercises Involving federal, state, and local
governments, military and civilian agencies are
Intrigued with the capability, sensitivity, and
amount ->'- equipment that is readily portable and
available 1n the field.

In the local communities where radiation 1s
still a mysterious term, people are Impressed and
somewhat overwhelmed at the display of strange-
looking equipment, blinking lights, and strange
noises. However, there seems to be some
satisfaction In having this peculiar equipment
and the "experts" available to help them If an
accident did occur near their community.

This response has been particularly noticeable
in the state of Oregon during the exercises that

have been conducted along the Interstate-84
corridor. This Interstate highway is a main
route for the thousands of trucks that transport
mostly low-level radioactive waste through eastern
Oregon to the Hanford Site for disposal. In
recent years the public has become much more aware
that these shipments are passing through their
communities on a dally basis and the people are
concerned about potential accidents. PNL provides
training 1n the detection of radiation to local
police and fire departments; PNL also presents
information on emergency response and demonstrates
the capabilities of the mobile laboratory. The
training and information relieves a lot of the
animosity toward nuclear energy and creates an
awareness that an effort 1s being made to protect
people and the environment from the effects of
radiation.

ACCIDENT EXPERIENCE

The capability of the mobile laboratory was
demonstrated 1n May of this year during a field
training exercise foil owing the Chernobyl accident.
The laboratory was moved to a location near the
Hanford Site and samples of vegetation and soil
were collected for analysis. When the samples were
collected, prepared, and counted using the
procedural methods established for Initial response
to a radiological accident, activity In the range
of 5 />C1 per gram of I was detected. A
measurable difference In activity was noted among
samples collected from the outer and toner foliage
of the vegetation sampled. No " I activity
could be detected In soil samples collected In
the same location as the vegetation samples.

At the time the Chernobyl "cloud" was
predicted to pass over Washington, rainshowers
occurred. The mobile laboratory collected and
analyzed rainwater samples and found that
concentrations of I were similar to those
levels reported by other laboratories.

The measurement of I in the range of 5 pCi
per gram was considered very good and demonstrated
the capability to meet and greatly exceed the
specifications for detection under field
conditions.

REFERENCES

U.S. Department of Energy (DOE). 1981. "Require-
ments for Radiation Protection." In DOE Order
5480.1, Chap. 11. Washington, D.C.

Standards for Protection Against Radiation,
10 C.F.R. Part 20 (1983).
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Energy
keV

<100
100-150
151-200

201-250
251-300

301-350
351-400

401-450
451-500

501-550
551-600

601-650
651-700

701-750
751-800

801-850
850-900

901-950
951-1000

1000-1100
1101-1200

>1201

Veg.
Factor

12.69
11.55
11.55

13.86
15.81

17.33
18.77

20.48
23.10

25.74
28.15

31.07
33.37

36.04
39.17

39.17
40.95

42.90
45.05

45.05
50.05
52.99

Soil
Factor

18.77
15.81
16.38

17.66
19.17

21.45
23.10

25.03
28.15

31.07
33.37

36.04
37.54

40.95
42.90

45.05
47.42

50.05
52.99

56.31
56.31
60.06

Table 2, Calibration

Airs
Factor

6.22
5.39
5.49

7.51
8.58

9.38
10.01

10.48
11.40

12.01
13.06

13.65
14.08

16.09
18.02

18.77
19.58

21.45
22.52

23.71
25.03
26.50

Factors

Liq.
Factor

16.68
14.77
15.02

19.58
21.97

21.97
23.10

23.10
26.50

27.30
28.15

30.03
32.18

40.95
42.90

45.05
47.42

47.42
47.42

47.42
50.05
52.99
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Developing a Comprehensive and Accountable Data Base
After a Radiological Accident

Hollis A. Berry and Zolin G. Burson

ABSTRACT After a radiological accident occurs,
it is highly desirable to promptly begin develo-
ping a comprehensive and accountable environ-
mental database both for immediate health and
safety needs and for long-term documentation.
The need to assess and evaluate the impact of
the accident as quickly as possible is always
very urgent, the technical integrity of the data
must also be assured and maintained. Care must
therefore be taken to log, collate, and organize
the environmental data into a complete and
accountable database. The key components of
database development are summarized as well as
the experience gained in organizing and handling
environmental data acquired during:

I. TMI (1978).
2-. The St. Lucie Reactor Accident Exercise

(through the Federal Radiological
Measurement and Assessment Center (FRMAC),
March 1984).

3. The Sequoyah Fuels Inc., Uranium
Hexafluoride Accident near Gore, Oklahoma
(January 1986).

4. Chernobyl Reactor Accident in Russia
(April 1986).

I. INTRODUCTION AND BACKGROUND

After a radiological accident of substantial
magnitude occurs, physical data obtained can be
divided into two categories: (1) data that
concerns immediate health and safety needs, and
(2) data that satisfies long-term documentation
requirements. It is then highly desirable to
begin developing a comprehensive and accountable
environmental database as soon as possible after
the occurrence of a radiological accident.
Assessing and evaluating the impact of the
accident is always urgent. Yet the technical
integrity of the data must also be assured and
maintained before any assessment, evaluation, or
summary is completed. To adequately assess the
accident, the data must be managed and organized
into a complete and accountable database.

The Three Mile Island (TMI) reactor
accident revealed the fact that environmental
monitoring and assessment tasks are extremely

important, and become increasingly complex as
the magnitude of the accident increases. In
responding to the State of Pennsylvania's
request for federal technical assistance the
United States Department of Energy (DOE)
provided ground and aerial monitoring teams,
coordinated the monitoring efforts of all teams
performing off-site environmental measurements,
and created an assessment team of laboratory
experts. The assessment team examined the
monitoring results to ensure that the correct
instruments and samples were utilized, that the
instruments were properly calibrated, that
common geographic terras and units of measure
were used, and that any. ambiguous readings were
confirmed or denied by additional monitoring.

During the response to the TMI accident,
the amount of data being examined soon became
overwhelming; it was evident that an environ-
mental database needed to be developed. Some
effort was made to put the data in proper
perspective but because of the large number of
data points being gathered, the lack of
qualified personnel and appropriate equipment on
site, and the lack of a definitive plan, this
task was not adequately addressed.

A definitive plan for handling reactor type
accidents has been formalized into DOE's respon-
sibilities in managing the Federal Radiological
Monitoring and Assessment Center (FRMAC). Exer-
cises and responses to accidents have further
underlined the importance of database
development in relation to the monitoring and
assessment effort. During the St. Lucie Reactor
Accident Exercise in March 1984, preparations
were made to develop a comprehensive and
accountable database but time was short and the
play and r"ata were artificial. Nevertheless, it
was evident that more detailed plans and
procedures, as well as an adequate portable
computer system and more qualified personnel,
would be needed in a real accident situation.

A real accident did occur at the Sequoyah
Fuels Inc., Uranium Hexafluoride Plant near
Gore, Oklahoma in January 1986. Several days
after the accident EG&G/EM was asked by DOE to
formulate a database for the Nuclear Regulatory
Commission (NRC) task force assigned to assess
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the accident and its impact on the environment.
The accident seemed small and perhaps

insignificant, but more than 2000 data points
were incorporated into the database in a
relatively short time. The need for thoroughness
and accountability was again evident.

On April 26, 1986 the Chernobyl Reactor
accident occurred in Russia. EG&G/EM assisted
DOE in formulating a database of the fallout
data received. The importance and usefulness of
a database were recognized at the outset, but
the effort required to manage incoming data was
underestimated and our involvement with the
database formulation was delayed until a week
after the accident. The amount of data being
received at the point of EG&G/EM's involvement
was tremendous and the task ahead was stagger-
ing. Approximately 10,000 points were entered
into the database in a short period of time.
Yet, this represented only a small portion of
the data available for assessment and
evaluation.

The evaluation and entry functions performed
on the Chernobyl data were similar to those that
would be performed in any FRMAC or emergency
response operation. We were able to design the
database and its implementation procedures
without the extreme pressures inherent in an
actual radiological emergency situation.

The Sequoyah Fuels and Chernobyl accidents
clearly emphasized the urgency of beginning the
database development and assessment processes at
the earliest possible time after a major acci-
dent so that credible assessments and decisions
can be made Quickly. We learned that it is
unrealistic to design, modify, or formulate from
scratch a database system while officials and
managers are demanding to kno«r how serious the
problem is and what actions should be taken.
Instant answers will always be requested of the
monitoring and assessment teams in a
radiological response. The authorities' ability
to provide substantive assessments of the threat
to the public health and safety hinges on the
ability to rapidly assemble and integrate all
available information on radiation measurements,
location of surrounding populations, identifica-
tion of farm animals and crops, surface-fed
water supplies, etc. Through the experience
gained at Three Mile Island, the St. Lucie
exercise, the Sequoyah Fuels accident, and the
Chernobyl response, much has been accomplished
in identifying major elements of the task of
developing a comprehensive and accountable
database alter a radiological accident.

II. DEVELOPMENT OF EMERGENCY RESPONSE DATABASE
CAPABILITIES

The complexities of the assessment tasks in
an emergency response are easily overlooked
until one examines the many variables of the
problem. Short-term and long-term effects,
complex food chain and concentrating mechanisms,
alpha and beta dose contributions, potential
watershed impact on surface drinking water
sources, and protective action recommendations
for all age groups and for farm animals are just
a few of the many results, issues, and question:.

the assessment team must consider when providing
information to the decision-makers. Database
development therefore becomes an integral part
of data assessment.

The experience gained from previous exer-
cises and operations in formulating databases
during an emergency response have identified
three major areas of development.

1. Development of plans in cooperation with
potential users and/or customers.

2. Development of computer hardware and
software capabilities for field and home
base support roles.

3. Development of procedural guidelines for
receiving and assembling raw data, and
verifying its quality and applicability to
the response and assessment requirements.

In an emergency response situation, per-
sonnel from federal agencies, contractors and
state and local organizations will be called
upon to assist in the response and also
participate in the assessment and monitoring
teams. Later, as the incident proceeds out of
the emergency stages Into the long-term moni-
toring and recovery phases, a final custodian
will be determined. Therefore, it is necessary
to coordinate emergency response database
development plans with all potential users.
Their needs and requirements should be con-
sidered in the development of this capability.

The Information collection problem in an
emergency response is massive and computers have
been used extensively to aid in compiling and
organizing data. Currently and in the past,
within EG&G/EM, emergency response databases
have been stored in small, portable tabletop
computers. This may not be the best computer
for this task, particularly if the database Is
very large. The right computer system should be
compatible with the needs and capabilities of
the group assembling the database and doing the
assessment as well as potential users and
custodians. Other basic requirements are as
follows:

1. The system must be easily transportable in
ruggedized containers.

2. The basic components must also be fairly
rugged to withstand the harsh environments
they encounter (baggage handlers, high
humidity, etc.).

3. It oust support a multiuser/multitask
environment.

4. It must be capable of the timely handling
of large volumes of data.

5. It must be able to utilize third party
hardware and software that are supported
and proven.

6. The software must be compatible with other
systems.

7. Power requirements must be low to
moderate.

8. The equipment must be readily available.
9. It should include the software and

peripherals for automated plotting of the
data and information transfer.

A larger computer (or an assemblage of the
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transportable work stations considered above)
will be needed at home base. This system can be
used during the early stages of the emergency to
input and store data fro:* locations not In the
critical area ..nd prior to the arrival of the
database and assessment teams.

Later, the entire database would reside in
this system and be used to produce reports of a
more conclusive nature until a final custodian
is determined.

The technical integrity of the data, at all
stages of development and use, must be assured
before the Information can be released for
action or information purposes. Key aspects of
database development can be summarized as
follows:

1. All original data sheets should be logged,
collated, and cross-referenced for easy
referral.

2. The database should be complete, organi-
zed, and trackable in every detail.

3. Methods and plans for dealing with
qualitative vs. quantitative data need to
be developed.

4. The information must be in a form that al-
lows technical integrity of the data to be
confirmed as quickly as possible. All
data should be evaluated as to quality,
validity, and priority of importance to
the response prior to its entry into the
database. In the early stages of the
response, the assessment team should deal
only with data that is consistent and
appropriate to the incident. All other
data can be considered as soon as the
immediate threat to the public has
diminished. In addition, all entries into
the database should be edited and
verified.

5. Key data should be retrievable in any
category desired. The results need to be
summarized, evaluated, and placed in
proper perspective quickly and easily and
on a continual basis.

6. All the environmental data should be plot-
ted on maps or overlays separately by data
type and medium and in appropriate detail.

7. The requirements for distribution of the
data will be very great. The need will be
continuous for detailed, organized data
for assessment purposes and for highly
summarized data for management
information. The database must be
organized so that these requirements can
be met easily and quickly.

8. Adequate and qualified staffing should be
assigned.

As with any database management program,
development evolves and expands as more tasks
and requirements are identified. In developing
emergency response database capabilities an
expansive, dynamic approach must be maintained
to remain flexible and responsive to needs and
requirements,. In addition, the database itself
should be dynamic so it can be easily and quick-
ly modified to meet specific requests. The abil-
ity to manipulate, massage, and plot the data
will also facilitate assessment and decision

making in an emergency response situation.

III. IMPLEMENTATION CONSIDERATIONS

In implementing the development of response
capabilities In the event of a significant
emergency, a number of specifics need to be
considered. These include detailed planning,
database construction, staffing and deployment.

In planning emergency response database
capabilities several activities can aid in this
development. These include:

1. The preparation of maps on a variety of
scales using a common coordinate system.
This (1) aids outside responding organiza-
tions in locating sample sites In
unfamiliar areas, (2) facilitates plotting
the data, (3) assists the assessment tea*
in their evaluation, and (4) allows for
easy retrieval of information from common
areas.

2. A compilation of baseline environmental
information including routine monitoring
networks and associated results, popula-
tion distributions, locations of critical
facilities, agricultural areas, potable
water supplies, etc. is helpful to the
assessment team in determining the impact,
if any, resulting from the accident.

3. The standardization of collection and
analysis techniques, the formulation of
data and information collection forms, the
establishing of common and consistent
units of measure, and determining the type
of information required for a variety of
accident scenarios.

4. The development of detailed Implementation
plans and procedures and the exercise of
these plans.

5. The gathering of required supplies includ-
ing standard office equipment and
supplies, a copy machine, an adequate
computer, etc. This equipment should be
prepared and packaged for deployment.

6. Personnel assignments, training, and
crosstrainlng.

The following information should be included
in the computer based database:

1. The reference ID number assigned to each
piece of original data received.

2. The time and date the sample or
measurement was taken.

3. The identity of the organization that
collected the sample and the organization
that conducted the analysis.

4. The sample collection ID number and the
laboratory analysis ID number.

5. The location at=|hich the sample was
collected, base\j on a common coordinate
system.

6. The medium and type of sample in addition
to the type of analysis.

7. The results and units of measure.
8. Any significant comments that may affect

data assessment.

A considerable amount of the information
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provided is of a bookkeeping nature but allows
the database and assessment team to backtrack
and verify incomplete or inconsistent informa-
tion either with the laboratory that conducted
the analysts or the agency that collected the
sample. The database format is dependent on the
type of accident and response. Preplanned and
developed databases should be very generic in
format and be able to be modified, as required,
during the response.

Adequately staffing the database center at
an accident site is essential. In addition to
computer operators and clerks, technically
qualified people are needed to evaluate the
incoming data on a continuous basis. These
individuals can also be utilized in the assess-
ment of the date, when time and activities allow.
For a small response similar to the Sequoyah
Fuels Inc., accident four to six people would be
sufficient to handle the data. To handle the

data from a major reacttr accident that would
Involve the participation of several agencies
and organizations as many a two dozen or more
people would be required 1T 24-hour operation.
This level of involvement w<_:-ld allow for con-
tinuous data entry and evaluation- It would
also allow the assessment team to assure the
technical integrity of the data.

Finally, in the matter of deployment, data-
base and assessment personnel should be an inte-
gral part of the first or advance party respond-
ing to a major incident. This will allow smooth
data and information flow on a continual basis.
In addition, the database and assessment center
should be fully staffed as soon as possible.

This work was performed by EGSG/EM for the
United States Department of Energy, Office of
Nuclear Safety, under Contract Number DE-AC08-
83NV10282.
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A New Method for Presenting Off-Site Radiological Monitoring
Data During Emergency Preparedness Exercises

M. P. Moeller, G. F. Martin, E. E. Hickey, and J. D. Jamison

ABSTRACT As scenarios for exercises become
more complicated and flexible to challenge
emergency response personnel, improved means of
presenting data must be developed to meet this
need. To provide maximum realism and free play
during an exercise, staff at the Pacific North-
west Laboratory (PNL) have recently devised a
simple method of presenting realistic radiolog-
ical field monitoring information for a range
of possible releases. The method utilizes only
two pieces of paper. The first is a mtp of the
pffsite area showing the shape of the plume for
the duration of the exercis.e. The second is a
^emi-log graph containing curves relating expo-
sure rate and iodine concentration to downwind
distance and time. Several -techniques are used
to maximize the information 'on the graph.

-• r r
INTRODUCTION * < ,

Current government regulations require
that the operator of a commercial nuclear power
plant make provisions for the conduct of emerg-
ency preparedness 'exercises. Such provisions
include the- development of a scenario and the
supporting data necessary to drive the exercise.
For those in the role of preparing exercise sce-
narios, data presentation has become an impor-
tant part of this task. In the last few years,
data presentation on inplant reactor parameters
has been advanced through the use of simulators
which add a new degree of realism and free play.
To date, however, the full benefit of the simu-
lators has not been realized due to limitations
in the methods used to present radiological data
to monitoring teams. Previous methods have not
allowed operator response actions on the simu-
lator to determine the timing and magnitude of
the radiological release.

In support of a major exercise conducted
in the Spring of 1986 at the Department of En-
ergy's Hanford Site, staff at PNL prepared the
offsite radiological onitoringm data. A major
goal of the exercise was to design a scenario
which would provide data for all anticipated
participant response actions. Consequently,
the release pathway, timing of the release and

magnitude of the source term were all to be de-
pendent on the participants' response actions.
To meet this objective, a new method for pre-
senting the radiological data was required.

This paper describes the new method for
presenting radiological data which was devel-
oped for the Hanford Exercise. In order to
show the method's effectiveness, a review of
the limitations of conventional methods is pre-
sented. The new method provides consistent
offsite monitoring data for an emergency exer-
cise scenario in which operator actions change
the progression of the accident, and hence, the
magnitude of the radiological release. In
addition, the ease by which the offsite moni-
toring team controller could pass the data to
players was emphasized.

Conventional methods of data presentation
do not readily allow for variations in the
source term responsive to operator actions. In
order to provide data covering a range of po-
tential operator actions, many different sets
of tabular data are needed to cover the range
of possible radiological releases. Therefore,
a tremendous volume of data sheets is required
if the scenario is to be flexible. As a result,
it is not practical to use conventional methods
to provide field team controllers with data for
release scenarios corresponding to every poten-
tial combination of operator response actions.

The volume of data sheets currently re-
quired is determined by the number of dependent
variables. Dependent variables include the mag-
nitude of fuel damage, the release pathway, the
time of initiation, and the duration of the re-
lease. Data that players request include gen-
eral area radiation exposure rates using both
an open and a closed instrument window, gross
particulate and iodine air concentrations in
counts per minute above background based on the
volume of air sampled, radioactive deposition,
and contamination levels on the ground in
counts per minute per square meter.

METHOD
Tnstead of computing the required data for

all possible combinations of the dependent
variables and providing the information to con-
trollers in tabular form, the new method con-
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denses the data into a series of curves pre-
sented on a semi-log graph. Data is calculated
using a source term of 100 percent fuel damage.
Maximum centerline values over the duration of
the release are determined for downwind dis-
tances. Similarly, the off-centerline distance
where radiological data values are equal to
background levels is determined for selected
downwind distances. These data define the edge
of the plume and, hence, its shape. Values for
data midway between the centerline and the
plume edge are assumed to be two-thirds (66.6%)
of the centerline value.

Plotting such data on a semi-log graph is
useful in that multiplication and division by a
constant on a log scale always results in an
increase or decrease on the scale of the same
distance. In other words, a new curve which is
a multiplicative constant of an existing curve
on a log scale will have the same shape and be
displaced from the original on the scale. It
is this important fact that allows a cursor to
be used which adds the desired flexibility.
Having plotted the curve for 100 percent fuel
damage, the cursor can be used as a measuring
stick to determine values corresponding to less
failed fuel if the operators take actions that
would reduce the level of core damage. While
within the plume, values for closed-window
readings are assumed to be some fraction less
than open-window readings, depending upon the
scenario's assumed source term radionuclide
mixture. Therefore, the closed-window readings
are a constant distance from the open-window
curve and can be determined using the cursor.

Data prepared for a scenario can be con-
densed on a semi-log graph as shown in Figu.-e
1. A map of the exposure area is presented in
Figure 2. This map indicates the outer plume
edges, the plume centerline, and the midway
distance between each plume edge and the cen-
terline. Curves on Figure 1 depict both the
general area radiation exposure rate (left-hand
abscissa scale) and the gross participate and
iodine air concentrations (right-hand abscissa
scale). The air concentration information is
given in counts per minute above background per
cubic foot of air sampled. Therefore, if an
air sampler pumped at 10 cubic feet per minute
for five minutes, then the controller would
multiply the value obtained on the graph by
fifty. Rules of thumb and other relevant in-
formation are presented on the border of the
graph.

To implement this method of data presen-
tation, controllers must be informed of the
event start time (initiation of release) and
release category (duration and pathway of re-
lease and percent of fuel damage). The release
pathway can affect the source term through con-
sideration of filtration systems and release
height. Information can easily be communicated
by the lead controller through simple, pre-
determined coded messages to offsite monitoring
team controllers. When required to provide
instrument readings, a controller should use
the following procedure:

• Prior to providing any instrument readings,
the field controller should receive the event
start time and release category information
from the lead controller.

• Knowing the event start time, the field con-
troller will fill in the timeline at the top of
the graph. The time of plume arrival at a down-
wind distance is determined by the wind speed.
The timeline, when filled in, should reflect
this relationship.

• When a request for an instrument reading is
made by a player, the controller will determine
the team's current location on the map. It may
be useful for the controller to carry a second
map without the plume shape indicated so that
if there is a question concerning the team's
location, the controller can ask a player for
assistance without revealing the plume trajec-
tory.

• The controller then determines if the team's
location is within the plume. If not, the con-
troller reports background readings. If it is,
then the controller determines if the plume has
arrived at this downwind location by checking
the timeline. If the plume is more than ten
minutes upwind of the team's location, the con-
troller reports background readings. If the
plume is less than ten minutes upwind of the
team's location and still has not arrived, the
controller should will report a reading between
the background level and the maximum value
after the plume has arrived. If the plume has
arrived, the controller will report the maximum
value for the team's location by proceeding to
the next step. If the plume is elevated at
this location, report closed-window readings
(gamma only) when either open- or closed-window
readings have been requested. If the plume has
touched down upwind of this location and is at
ground level, then open- and closed-window
readings should be given as requested.

• To determine the maximum value after the
plume has arrived, the controller should Iden-
tify the team's downwind lateral location rela-
tive to the plume centerline, outer plume edges,
and the midway distance (midline) between.

• The controller then pinpoints the team's
lateral location relative to the three curves
on the graph (plume centerline, midline and
plume edge) at the team's downwind distance.

• Using the cursor, the controller should ad-
just the point on the graph based on the mea-
sured distances associated with each release
category.

• The controller then reports the general area
radiation exposure rate (mR/hr) from the left
hand abscissa values.

• After the team has taken and measured an air
sample, the controller can report the air con-
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centration values using the values from the
right hand abscissa multiplied by the volume of
air sampled (cubic feet).

Because of the cursor and condensed nature
of the data, the method is quite versatile and
readily adaptable to different conditions. For
example, during the 1986 Hanford Site Exercise,
one scenario included a highly-radioactive puff
release followed by a continuing, less radio-
active release. Data for both of these releas-
es were put on one graph by utilizing two time-
lines relating the passage of each release over
a given location. Another example is to pro-
vide for a radical plume direction change mere-
ly by utilizing two plume maps indicating the
two dominant plume shapes.

Acceptance of the method was noted during
the training of controllers for the Hanford Ex-
ercise. In less than two hours, controllers
understood the method, were able to respond
correctly to simulated requests for data, and
were able to interpolate between known values
presented on the curves to get a value for any

location. Many noted correctly that the level
of accuracy that they could provide from read-
ing the curves and interpolating is consistent
with that available from actual field measure-
ments. Many improved their graphs by including
lines that indicated a transformation of a
fixed monitoring route roadway into the down-
wind and lateral coordinate system of the
graph.

SUMMARY
AT scenarios become more flexible and com-

plex, as through the use of simulators, more
versatility is needed to present realistic data
to offsite monitoring teams. Conventional
methods are not adequate because of the volume
of tabular data necessary to correspond to
every potential operator response action. The
method described in this paper provides a solu-
tion that allows flexibility and data in
graphic form. Utilization of this new method
during a complex exercise indicated that con-
troller performance is enhanced.
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Plume Travel Time to the Downwind Centerline Distance (hours:mint).
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Figure 1. Semi-log graph with radiological data.
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300 Area

Figure 2. Map of plume exposure area.
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Enhancement of the 1985 Browns Ferry Exercise
Through the Use of Spiked Samples

James L. McNees i

I

ABSTRACT The use of spiked environmental
samples has proven to be a beneficial part of
nuclear power plant exercises. Milk, soil, and
air sampling cartridges can easily be spiked with
realistic concentrations of radionuclide without
violating Nuclear Regulatory Commission
regulations or policy and with no significant
"adiation hazard to exercise participants.
Analysis and reporting of data from realistic
samples significantly improves motivation,
attitude, moral, and overall preparedness of the
individuals participating in that phase of the
exercise.

Since 1979 the State of Alabama has
participated in at least one nuclear power plant
exercise per year involving the demonstration of
the capability to analyze environmental samples.
For the first five years, only non-radioactive
samples of milk, water, and other items were
analyzed in a effort to establish the fact that
the State could adequately evaluate real
radioactivity at their field laboratory location.
Since everyone knew that there was notiiing in the
samples, those who had participated for several
years developed an attitude of flippancy
concerning the exercises. Other participants
expressed concerns about the level of radiation
exposure that they would receive from collecting,
transporting, and analyzing environmental samples
during a real incident. This problem was
heightened when a federal observer suggested to a
State participant that we might need to put up a
shield to reduce the exposure from milk samples
that were awaiting analysis.

In order to fully accomplish exercise
objectives of demonstrating our capability of
being able to analyze samples and to initiate
protective actions on the basis of the U. S. Food
and Drug Administrations (FDA) Protective Action
Guides, the State of Alabama decided to utilize
spiked or radioactive environmental samples for
the 1984 nuclear power plant exercise conducted
with the Joseph M. Farley plant operated by the
Alabama Power Company. Both the State's
radiological laboratory and elements from the U.
S. Environmental Protection Agency's radiological

laboratory from Montgomery participated in the
exercise and analyzed the spiked samples at the
field location in Dothan, Alabama.

All parties involved acclaimed the use of
spiked samples as a positive method of improving
the attitude and involvement of laboratory
personnel in the exercise. Following the success
during the 1984 exercise, it was decided to
utilize spiked samples for the November 1985
exercise at Browns Ferry. Starting from the
scenario, calculations were made of the amount of
iodine-131 that .would be anticipated in milk at
the nearest dairy to the plant, in air sample
cartridges taken at the plume centerline at a
point on the boundary of the five m'le evacuation
sector, and in surface soil samples taken
adjacent to the plant following the mock
accident. The radioiodine to be used to spike
the samples was obtained from a local hospital's
radioactive waste storage, where it had been
discarded due to insufficient remaining
radioactivity for clinical use.

The capsules, which had originally each
contained approximately 93 microcuries of iodine-
131 had decayed to 0~r2 microcuries per capsule by
the exercise date of November 13, 1985. Thus
three capsules placed in a gallon of milk would
produce an approximate concentration of .17
microcuries per liter which fit the scenario, and
would adequately demonstrate that the State could
rapidly analyze milk against the Food and Drug
Administration's emergency protective action
guide of .15 microcuries per liter (FDA, 1982).
For the air sample cartridge, two capsules placed
inside a previously use cartridge would have the
same analysis as a cartridge from a sample
collected according to the State's field air
sampling procedures in a concentration of .69
picocuries per cubic centimeter of air. The
spiked soil sample utilized two capsules of
iodine-131 placed in cesium contaminated soil
that had been previously collected as a sample at
a known location of cesium contamination. It
contained 0.4 micorcuries of iodine and 0.08
microcuries of cesium-137 in 500 milliliters of
soil. The air and soil samples were prepared
several days prior to the exercise, while the
milk sample was prepared the nx>rning of the
exercise. The spiked samples were placed into
exercise play at the time they would normally be

119



120

collected during an ar.tual accident response.
All parties who were expected to handle the

spiked samples were informed in advance that some
of the samples utilized in the exercise would
contain real radipactivity. The radioactivity
would be consistent with the scenario, but would
be utilized in only nominal quantities. The need
to inform all participants in advance of the use
of real radioactivity can not be overemphasized.

The U. S. Nuclear Regulatory Commission
(i\i?C) has established exempt quantities of
radioactive materials such that any person who
receives, possesses, uses, or transfers
individual quantities below these amounts is
exempt from the requirements for a license and
certain regulatory controls (NRC, 1982). For
iodine-131 that quantity is 1.0 microcurie.
Nuclear Regulatory Commission regulations
prohibit the transfer of licensable material in
exempt quantities for purposes of commercial
distribution without a specific license to do so
from the Commission (NRC, 1984). However for
non-commercial distribution, as in the case of
these spiked samples provided to exercise
participants, no license to distribute exempt
quantities is required.

Radiation exposure problems in exercises are
best controlled by controlling the quantities of
materials involved. The exposure, rate from each
of the 0.2 nicrocurie iodine capsules utilized on
November- 13, 1985 was .07 milliroentgen per hour
at one inch or 0.5 mircoroentgen per hour at one
foot. Placing three capsules in a gallon of milk
produced a milk sample containing approximately
the same concentration that the Food and Drug
Administration stated in their October 22, 1982
Federal Register statement as being permissible
for sale to the general public following a
nuclear power plant emergency (FDA, 1982).
Utilizing a typical hand held survey instrument,
'no external radiation can be measured from a
gallon of milk containing this concentration of
radloiodine. Extensive decontamination
precautions for a possible spill during
transportation or at the field laboratory were
not deemed necessary for this concentration of
radioactivity. While all samples must contain
less than the exempt quantity for the
radionuclide involved, lessor amounts can often
accomplish the same purpose. Due to the nature
of activities that occur during exercises, the
quantities of radionuclides utilized in spiked
samples should be kept at the minimum necessary
to demonstrate laboratory capability and still be
realistic for the accident scenario being used.

At the 1984 Farley exercise, during the
preexercise briefing, the use of real
radioactivity in spiked samples was discussed.
Likewise during the preexercise briefing for the
1985 Browns Ferry exercise, the use of real
radioactivity in both the environmental sample
phase and the medical drill was discuss.
Representatives of the various federal agencies
including the Nuclear Regulatory Commission were
present at these briefings and none of the
agencies present expressed any concerns or
disapproval of the intended usages of these small
amounts of actual radioactive material.

The medical drill, that was a part of the
1985 exercise, utilized technetium 99m and

natural thorium as a source of low level
contamination. Only inanimate objects were
purposefully contaminated. A simulated tornado
was to have struck the plant and blown some
contaminated objects from the plant. One of the
contaminated objects was to have struck and
injured a farmer approximately one mile from the
plant. The injured farmer and contaminated
objects were to be found by field monitoring
teams. The magnitude of the potential hazard
from this use of real contamination was to be
controiled by the limited amount of material to
be used and by the six hour hall life of
technetium 99m. The benefits of the responders
having actually seen some real contaminated
objects that would at least make their meters
respond was thougnt to outweigh the risks of the
use of real radioactivity. The problems and
subsequent concerns following this medical drill
were a result of the following:

1. The utility's "Scenario Director" was
aware of, and had agreed in advance to the use of
the technetium 99m, however the utility personnel
who participated in the drill had not been
informed of the planed us of real radioactivity.

2. An error in calculation had been made
concerning the anticipated concentration of the
material being used. This resulted in the amount
being used being five times the intended amount.

3. Due to a miscommunication concerning the
time to begin setting up the scene of the drill,
the liquid Technetium did not have time to dry
prior to the drill beginning, thus it was easily
removable.

4. Utility participants were being informed
via their radio system at the plant that the
radioactive materials were being simulated and
thus ignored warnings to the contrary by the
State representative at the scene.

5. The utility's radio system at the joint
State-Utility monitoring location was unable to
broadcast on the day of the exercise, thus they
could hear the participants being incorrectly
told that the radioactivity was simulated, but
were unable to transmit the correct information.

As a result of the abo:e named problems, six
individuals received detectable amounts of
technetium contamination on their clothing and/or
person. One responder, who did not utilize the
protective gloves that were available to him,
received a spot of contamination on the back of
the middle finger of his right hand of no more
than 3 microcuries of technetium 99m. The
radiation exposure received by this individual as
a result this incident was less than 5 percent of
the allowable quarterly limit. Never the less,
his finger was needlessly contaminated. The
hazard of this amount of external contamination
is best illustrated in relation to the fact that
thousands of people every day receive an
injection into their blood stream of up to 10,000
times as !;;uch of this isotope as a part of
routine medical diagnostic tests. This is not to
imply that the magnitude of these accidental
exposures in niyway justify the mistakes that
occurred. It does however imply, that the
magnitude of the risk inherent with the use of
limited quantities of short lived materials
should not be sufficient to prevent State and
local emergency responders from receiving the
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types of training experiences necessary to enable
them to function in the conditions such as
existed adjacent to Chernobyl in the days
following the accident.

The events of this medical drill caused a
prompt reconsideration of regulatory policy with
regards to the use of real radioactivity during
exercises. All such usages, including the use of
spiked environmental samples were reconsidered by
both the State and the Nuclear Regulatory
Commission. In interim guidance furnished to the
States in March 1986, the Commission staff
approved the use of unsealed sources of
radioactive material for spiking environmental or
food samples for laboratory analysis and the use
of sealed check sources and thorium lantern
mantels for use in medical drills (NRC, 1986).
The Alabama Department of Public Health has
incorporated this interim guidance into our
program policy.

A group of firefighters would not be
considered qualified to be sent to a fire if none
of them had ever seen, been to, or helped
extinguish a real fire. For this reason fire
departments conduct controlled practice burns to
train firefighters. Likewise the legions of
State and local off site response personnel, who
are in theory being trained to mitigate the
consequences of a Chernobyl type accident, need
to have a training experience that will prepare
them for dealing with real radioactivity. There
is no better way to provide that experience than
through the controlled use of very small amounts
of short half life radioactive r>,aterials in
carefully planned training exercises.

The use of spiked sanples has proven to be
of positive value to nuclear power plant
exercises for both the participants and the
federal observers. There is no better way to
dispel many of the myths that have been
associated with what could be anticipated from
such samples. Having actually encountered
samples containing levels of radioactivity that
could be realistically anticipated to occur, our
personnel are much better prepared to handle real
samples when the actual event occurs.

REFERENCES

U. S. Food and Drug Administration, 1982,
"Accidental Radioactive Contamination of
Human Food and Animal Feeds, Recommendation
for State and Local Agencies," Federal
Register, Vol. hi, No. 205.

U. S. Nuclear Regulatory Commission, 1982, "Rules
of General Applicability to Domestic
Licensing", 10 CFR 30, Part 30, Section
30.18(a).

U. S. Nuclear Regulatory Commission, 1984, "Rules
of General Applicability to Domestic
Licensing", 10 CFR 30, Sections 30.18(c)
and 30.18(d).

U. S. Nuclear Regulatory Commission, 1986,
"Guidance For Use of Radioactive Materials
During Reactor Emergency .Exercises", dated
March 21, 1986, unpublished.



ANS Topical Meetiaf o» Radiological Accents—
Perspectives and Eaergeacy Plawiag

Integrated Emergency Response Program
at the Savannah River Plant

Richard W. Benjamin

ABSTRACT. The Savannah River Plant (SRP) has
an emergency response system to evaluate rapidly
the possible consequences of a release of toxic
or radioactive pollutants to the atmosphere or to
the onsite streams. This system is based upon a
strong research and development technology, and
computer simulation. The path, extent, and
concentration of a pollutant are predicted by a
computer system linked to field instrumentation,
and monitored by a mobile laboratory and sample
collection teams. Field measurements, using a
nontoxic tracer gas, serve as emergency response
exercises and provide an extensive data base with
which to test atmospheric dispersion codes.

INTRODUCTION

The Savannah River Plant (SRP), a government
owned, du Pont operated production facility in
South Carolina, produces special nuclear mate-
rials for the United States Government and
operates virtually the entire nuclear fuel cycle
in support of these operations. The wide variety
of processes at SRP makes necessary a broadly-
based emergency response capability for evaluat-
ing and responding to unplanned radioactive and
toxic chemical releases to the atmosphere or
streams on the site. The emergency response
program at SRP includes support in the event of a
release and basic research in meteorology, aque-
ous processes, transport monitoring technology,
and computer simulation. The strength of the
program lies in the interaction between emergency
response and basic and applied research.

The research and development programs
include experimental and theoretical dispersion
meteorology, dye and thermal studies in streams
and lakes, and Che development of a unique remote
environmental monitoring system. The programs
provide the basis and format for an effective
emergency response capability, including regular
emergency response exercises and effective
24-hour emergency response personnel coverage.

This paper serves as a programmatic overview
and introduction to five papers [Addis (1986),
Hayes (1986), Hoel (1986), Schubert (1986), and
Sigg (1986)] to be presented in the poster
session at this conference, which give consider-
ably more detail on particular aspects of the
integrated emergency response program.

REVIEW OF SR? FACILITIES AND
POTENTIAL RELEASES

SRP is the third largest production site in
the DOE complex, comprising some 315 square miles
of mostly wooded, gently rolling terrain. The
site and its surroundings are shown in Figure 1.
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It is bordered on the southwest by the Savannah
River, which provides cooling water for the four
operating production reactors. The reactors are
heavy-water moderated and cooled; they operate at
near atmospheric pressure and at a temperature
below the boiling point of heavy water. Two
large man-made lakes are on site to help cool the
thermal effluents of two of the reactors. In
addition to the reactors, there are two large
chemical reprocessing plants with associated
high-level waste tank farms, a tritium processing
and handling facility, and a fuel fabrication
facility. A high-level waste solidification
facility and a naval fuels fabrication plant are
under construction. All of these facilities
provide the possibility for unplanned releases
which would require emergency response procedures.

Radioactive effluents which might have to be
monitored in the event of an unplanned release
are, e.g., tritium (elemental or oxide forms), ,
gamma ray emitting aerosols, radioiodine, transu-
ranic aerosols, and noble gases. The most likely
release from SRP facilities which could travel ;
offsite is tritium; either from the tritium
processing facilities or as the result of a
reactor moderator spill. Over the years there
have been several tritium releases too small to
be a health hazard either on or off site. They
have, however, served to improve tritium confine-
ment and to develop appropriate tracking and
monitoring capabilities. As a result, confine-
ment of tritium has improved dramatically and
methods to track and monitor any potential
release have been developed and demonstrated.
There is also the capability to monitor toxic
chemicals, but except for limited quantities of
chlorine gas, there are no toxic chemicals on
site which could represent a significant hazard.

THE ENVIRONMENTAL TRANSPORT GROUP

The Environmental Transport Group (ETG) has
the responsibility for the prompt characteriza-
tion of atmospheric and aqueous releases from any
of the SRP facilities. The primary aim is to
provide the proper decision makers with the
release location and the predicted dosimetry and
exposure information at each stage of an emer-
gency. These decision-makers may be, for
example, the shift supervisor at the earliest
stages of a release, DOE and du Pont managers,
and the monitoring teams seeking to evaluate the
environmental effects of the release. Rapid
response to a release at SRP is possible because
all components of the response system are under
the control of one group, the Environmental
Transport Group. The system components, person-
nel and facilities, include meteorology, dosim-
etry, the dedicated emergency response computers,
and the atmospheric monitoring instrumentation.

ETG has a staff of fourteen professionals
and eight cechnicians. Included in this group
are five meteorologists, an oceanographer, two
health physicists, a nuclear chemist, a computer
systems manager, and a small maintenance team to
service the widespread meteorological instrumen-
tation on and off site. At least two meteorolo-
gists and a supervisor are on call at all times
for emergency operations, and additional support
personnel are called in as required.

THE EMERGENCY RESPONSE SYSTEM

The emergency response system is a highly
automated, real time system which consists of two
major components, the WIND system .and the TRAC
mobile laboratory. The Weather INforiration and
Display (WIND) system is used for data acquisi-
tion and release consequence calculations for
both atmospheric and aquatic releaser. The
Tracking Radioactive Atmospheric Contaminants
(TRAC) mobile laboratory is used for plume track-
ing and real-time radioactive monitoring in the
field. In addition, real-time sample collection
teams provide post-ialease contamination evalua-
tion. These components are described in consid-
erable detail in Addis (1986), Hayes (1986), Hoel
(1986), Schubert (1986), and Sigg (1986).

The WIND computer system is used sitewide.
Every operating area has a WIND system computer
terminal in or near its control room. The system
is user-friendly with all of the necessary emer-
gency response codes on a general menu, and the
system is used routinely by the site health
protection technicians. There is also a WIND
system terminal in the Emergency Operations
Center (EOC), and an automated alarm system based
on stack monitor release limits will be installed
in the 1TOC in the near future.

All data acquisition for the WIND system is
achieved through the Remote Environmental
Monitoring System (REMS) (Schubert, 1986), which
provided the following data:
• Real-time turbulence quality meteorological

data are collected from the eight onsite
towers and from the WJBF-TV tower just offsite

• Regional meteorological data are obtained from
the National Weather Service over the
Automated Field Operations Services (AFOS)
computer

• Monitors in SRF streams and the Savannah River
provide temperature and flow data for aqueous
transport

• Real-time source term information and plant
boundary concentrations "re obtained from the
stack and perimeter monitors, respectively

These data are used to provide forecasts of the
exposure pathway from an atmospheric release as a
function of time, as well as radioactive dose
estimar.es. For aqueous releases, stream and
river concentrations as a function of time can be
determined.

RESEARCH PIOCRAMS

Several basic and applied research and
development programs are in progress, and all are
aimed at improving, quantifying, and extending
the emergency response capabilities of SRP and
the national DOE production complex. Research
programs also provide the assurance of recruiting
and maintaining a highly competent staff of
scientists and engineers. These efforts are
supported in part by the Office of Health and
Environmental Research of the Department of
Energy.
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Typical of these programs is the Atmospheric
Research Program. This program combines:
• Theoretical studies in atmospheric

dispersion,
• Experimental field studies aimed at providing

a statistically sound data base with which to
test atmospheric dispersion models,

• Instrument development to provide the means to
measure meteorological parameters, radioactive
atmospheric contaminants and tracer gases on a
real-time basis

The heart of the Atmospheric Research Program is
the Mesoscale Atmospheric Transport Studies
(MATS) effort. Its focus is to provide experi-
mental data to test the predictions of the
dispersion models. This is done through the use
of an experimentally released tracer gas (SFg),
and by tracking the routine small releases from
SRP's manufacturing facilities. The data bases
from MATS and several other iiseteorological
studies were used as the basis for the Second
Model Evaluation Workshop in 1984 [Weber (1985)a,
Weber (1985)b, and Kurseja (1985)]. Radioactive
emissions of Kr-35 tritium, and Ar-41 in addition
to nonradioactive He-3 are continually used for
further dispersion model evaluation and improve-
ment. The development of highly sensitive
measurement technology has extended these tracer
experiments from on site out to several hundred
kilometers.

Studies begun with MATS are being extended
in an inter-laboratory program called the STable
Atmospheric Boundary Layer Experiment (STABLE).
The objective of STABLE is to develop an under-
standing of turbulence and dispersion in the
stable (nocturnal) boundary layer, a condition
which is not well-understood and which would be
expected to lead to the potentially highest off-
site doses in the event of a release. STABLE
will include study of a five year data base of
turbulence measurements, field experiments, and
extensive model evaluation and development.

The Aqueous Research Program of ETG is
primarily concerned with aqueous transport
processes in the onsite streams and in the
Savannah River, and in thermal processes in the
onsite lakes and ponds. The major transport
concerns are liquid releases, such as tritiated
water and hazardous chemicals, and transport of
materials adsorbed, such as Cs-137, on stream
sediments. A one-dimensional model is used to
predict travel times, maximum concentrations, and
concentration distributions as a function of time
at downstream and river locations for pollutant
releases. Stream velocities and dispersion
coefficients that were needed in the model were
determined from dye studies done in each of the
onsite streams. Models are being improved as new
information from studies of Cs-137 and uranium
transport in onsite streams becomes available.
New instrumentation installed in onsite streams
will provide real time data on stream/river flow
for input to the model. Discharges to onsite
streams typically take at least one day to travel
offsite and do not require the urgency of an
atmospheric release which can cross the SRP
boundary in an hour.

CONCLUSIONS

The integrated emergency response program
at SRP provides rapid response to an unplanned
release. The staff who are active during unplan-
ned releases are the same people who conduct the
basic and applied research programs. Many of the
requirements for emergency response are the same
as those required for the experimental research
programs, e.g. operable equipment, good communi-
cations, good forecasting, and skilled data
taking. Each experiment is conducted as a
limited emergency response exercise so that
everyone gets plenty of practice. In addition,
the participants are knowledgeable about both the
research and the emergency response actions, and
able to suggest improvements in both areas. The
interaction has proven to ba very valuable.
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Savannah River Plant Emergency Response:
Operations and Exercises

Doris D. Hoel

ABSTRACT. The Savannah River Plant is a
complete nuclear complex with reactors, fuel
fabrication, and fuel reprocessing onsite. Due
to the potential for unplanned releases, an
emergency response program has been developed to
provide information onirelease consequences. The
automated system was developed initially as a
real-time site-specifLc system for the prediction
and analysis of atmosnheric and aquatic releases.
However, it is flexible and has application for
incidents at offsite facilities as well. The
emergency response system, its components, equip-
ment and capabilities, and the emergency response
program, procedures and activities are presented.
This includes the special case of joint response
with Georgia Power Company's Vogtle Electric
Generating Plant.

HmODUCTIOK

The Savannah River Plant (SRP) is located in
Southwestern South Carolina, 25 miles southeast
of Augusta, Georgia, along the Savannah River-
(Figure 1). It is a government owned, contractor
operated facility which produces nuclear mate-
rials for defense purposes. The complex includes
four operating nuclear materials production
reactors, a fuel and target fabrication area, two
chemical separations facilities, high-level
radioactive waste management operations, a low-
level waste burial ground, and (under construc-
tion) a new facility to provide fuel for the U.S.
Navy's nuclear powered submarines. During SRP's
thirty-five years of operation, an emergency
preparedness program has been developed, which
includes response to nuclear incidents, both on
the site and in the southeastern United States.

The following discussion describes emergency
response at SRP. It includes components of the
system, equipment and capabilities, responsibili-
ties, procedures and activities during an emer-
gency, response exercises, and incidents on site
and in the southeastern United States.

DESCRIPTION

A site-specific, automated, real-time
emergency response system has been developed at
the Savannah River Laboratory (SRL) to predict,
measure, and analyze the consequences of any
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The Savannah River Plant and Laboratory
are operated tor the US. Deparlmtnt
of Energy by E. I. dit Pont tie Nemours
Company. The primary purpose It to
produce radioactive isotopes for national
defense and for peacetime applications.

FIGURE 1. Savannah River Plant

unplanned radionuclide release as a result of
operations at SRP. There are two major components
of the system. One is the Weather INformation
and Display (WIND) (Garrett et al., 1983) system
for data acquisition and calculation of predicted
release consequences. The other is the Tracking
Radioactive Atmospheric Contaminants (TRAC)
mobile laboratory (Sigg, 1985) capable of near
real-time monitoring and plume tracking. In
addition, real time sample collection teams are
available for post incident radioactive plume
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tracking. Standard environmental monitoring
analytical techniques have also been adapted to
provide support for aquatic transport of a radio-
active or hazardous waste release.

The WIND System consists of eight meteor-
ology towers for real-time onsite data gathering,
an Automated Field Operation and Services (AFOS)
National Weather Service (NWS) computer for
acquisition of regional meteorological data
(Figure 2), two mini-computers, and a network of
terminals (Figure 3) for data display and calcu-
lation of predicted consequences of either an
atmospheric or aquatic release. The WIND System
computers are Digital Equipment Corporation VAX
H/780 and VAX 11/750 super mini-computers.
Duplicate sets of emergency response codes are
kept current on both systems for backup purposes,
and data collecting and archiving is automati-
cally switched from one computer to the other in
the event of computer malfunction. In addition
to meteorological -iata, stream data from onsite
streams and the Savannah River and stack monitor-
ing data from the reactors and separations areas
are collected on the VAX computers through the
Remote Environmental Monitoring System (REMS).
These data provide stream flow and source term
information. WIND system data sources are shown
in Figure 4. The network of terminals is located
throughout the plantsite. Terminals are also in
the homes of appropriate personnel for response
during off shift hours.

The TRAC (Figure 5) mobile laboratory is
designed for plume tracking and near real-time
data collection and analysis during an atmospheric
release. Its primary purpose is to measure
low-level air concentrations of specific radio-
nuclides as they move off the plant site. During
an emergency, the TRAC is used to aid in deter-
mining dose estimates, to aid in determining
adjustments to trajectory calculations, to pro-
vide release analysis, and meteorological code
verification. Current equipment includes moni-
tors to detect radioactive plumes, gamma and
transuranic aerosols, radioiodines, tritium forms
and noble gases, a mini-computer for data analyz-
ing and archiving, and an engine/generator for
electric power in the field.

FIGURE 3. WIND System Graphics Terminals
for Display of Data and Calcula-
tions 1 Results Located Throughout
SRP/SRL and in the Homes of
Emergency Response Personnel

FIGURE 4. WIND Emergency Response System
Data Sources

FIGURE 5. Tracking Radioactive Acmospheric
Contaminants (TRAC) System

FIGURE 2. The AFOS MWS Computer Used for Retrieving
Local and Regional Meteorological Data
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RESULTS

Onsite Incident Response
An emergency situation on the plant site in

which SRP's Emergency Operating Center (EOC) is
activated requires immediate notification of
support and management personnel from SRP, SRL,
Department of Energy Savannah River (DOE-SR),
and Wackenhut Services, Inc. (WSI). A 24-hour
notification procedure has been established in
which required emergency response personnel are
contacted. All emergency response personnel have
been issued pagecoms for contact when away from
their office daring work hours or away from home
during offshift. All pagecoms can be accessed
from on or off plant. In addition, three groups
of all-call pagecoms have been issued to primary
emergency response personnel. The all-call
pagecom system is used by EOC communications
personnel to simultaneously notify groups of 29
persons of an EOC activation. The all-call
system is used in addition to phone notification.
Secondary notification for support is made by
phone through appropriate departments.

Response time in an emergency depends upon
time of notification. The EOC is staffed within
minutes during regular shift, in 30-40 minutes
during offshift, weekends, and holidays. SRL
personnel involved with the WIND System provide
immediate response in the Weather Center Analysis
Laboratory (WCAL), and in the EOC in about 10
minutes during regular shift; TRAC is operational
in approximately 30 minutes; and sampling vans
are deployed in 15-30 minutes. During offshift,
SRL personnel may respond immediately from home
using WIND System terminals. EOC/WCAL response
time is 30-40 minutes, TRAC response is about
1.5 hours and sampling van deployment is 45-60
minutes. Increased response time during offshift
is the result of travel time to the plant from
offsite.

The EOC/WCAL. personnel have the responsibility

• to provide weather information, meteorological
data, stream data, WIND System trajectory, and
dose and deposition calculations

• to make adjustments to calculations for plume
rise and mixing depth

o to interact with health protection personnel,
area supervision, and technical personnel
knowledgeable of the process involved in the
incident

• to obtain source term and code input

• to communicate with TRAC and the sampling vans
and direct monitoring team activities

» to assist healch protection with their
monitoring efforts

'» to provide data assessment and analysis, and
provide data and interpreted results to
management and DOE

Figure 6 shows the information flow and interac-
tions during an onaite incident. Finally, after
the incident SRL response personnel provide a
thorough analysis of all significant releases.
The analysis includes trajectory, concentrations,
doses, and health effects for both on and offsite
populations. The response program continues to
improve through research and regular WIND System
and plantwide exercises.

FIGURE (i. Onsite Emergency Response:
Information Flow and Interactions

Offsite Incident Response
In the event of a major incident involving

nuclear materials in the southeastern U.S.,
DOE-SR is responsible for organizing and coordi-
nating the radiological monitoring and assessment
activities of. Federal agencies outside of the
site or incident boundary (USD0E, SR-503). The
emergency response system at SRL/SRP, although
developed as a site specific system, is a major
resource for DOE-SR's Region 3 Radiological
Assistance Program (RAP).

Under normal circumstances, a request for
SRL's assistance would come through DOE-SR's
Office of External Affairs. Depending upon the
nature of the incident and the amount of assist-
ance required, response would be handled at SRP
or may require travel to the incident area. In
either case, the responsibilities for onsite
response apply. If travel is required, initial
WIND System calculations can be made at SRL by
personnel who would remain at SRL to support SRP,
while designated response personnel are enroute
to the incident urea. A graphics terminal with a
built-in dial-in modem and hard copy unit (as
well as a portable backup terminal with print
capability) would be transported to the incident
area for WIND System calculations. The TRAC
vehicle remains in standby mode for either on or
offsite incident response. As with onsite emer-
gencies, all calculations, results, analyses, and
recommendations concerning offsite impact are
reported to DOE. DOE is responsible for approval
and forwarding of information to the agency
requesting assistance, and the cognizant Federal
agency (CFA). Offsite response is shown in
Figure 7.
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FIGURE 7. Offsite Emergency Response

On March 6-8, 1984, Savannah River partici-
pated in the St. Lucie Federal Nuclear Emergency
Response Exercise in St. Lucie, Florida. SRL/SRP
personnel utilized the WIND System, TRAC vehicle,
and sampling vans to provide assistance in the
areas of predictive capability, field monitoring,
and data evaluation and assessment. This was the
first major field exercise which provided a
framework for a coordinated Federal response Co a
major incident.

A special case of offsite response (USDOE,
SR 402.1) has also been established with the
Georgia Power Company (GPC). GPC's Vogtle
Electric Generating Plant is located just across
the Savannah River in Georgia (see Figure 1).
Due to proximity, DOE-SR and GPC have established
a memorandum of agreement to provide for planning
and responding to emergencies originating at
either facility. SRP/SRL will respond to a
Vogtle incident in the same manner as an onsite
incident. SRP will be responsible for all moni-
toring and assessment and protective action on
SRP, provide monitoring in South Carolina as
requested, provide meteorological data to GPC,
and advise GPC and the States of Georgia and
South Carolina concerning the incident.
Responses are reciprocol for an SRP incident.
To facilitate response, direct communication
lines between the two facilities and 24-hour-
per-day points of contact have been established.
Both facilities participate jointly in emergency
exercises, the first of which was the Vogtle
licensing exercise in April 1986.
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A Mobile Laboratory for Near-Real-Time Response
to Radioactive Releases

R. A. Sigg

ABSTRACT. A mobile labnratory is improving
radiological emergency response and environmental
monitoring capabilities at the Savannah River
Plant. The laboratory can monitor low concentra-
tion levels of radionuclides and can rapidly
confirm the location and radionuclide composition
of a downwind plume. The analysis system devel-
oped for the laboratory includes radionuclide-
specific monitors for tritium forms (HT and HTO),
gamma-ray emitting aerosols, volatile radio-
iodine, transuranic aerosols, and noble gases.
The monitors can detect radionuclides transported
by the atmosphere to offsite population centers
at concentrations well below those considered
hazardous. An analyzer for a passive chemical
tracer gas (sulfur hexafluoride, SFg) also is
onboard. The diverse instruments, their good
sensitivity and fast response, and the ability to
operate while in transit, make this a unique
laboratory.

INTRODUCTION

The diverse nuclear facilities at the
Savannah River Plant (SRP) have a very low
potential for the release of radionuclides at
levels that could create an offsite hazard.
However, in keeping with the philosophy that
protection of the public and the environment is
essential, the Savannah River site has a contin-
uing research and development program to improve
its radiological emergency response and environ-
mental monitoring capabilities. A mobile labora-
tory (Sigg, 1985) (Figure 1), to monitor low
concentration levels of radionuclides and to
rapidly confirm the location and radionuclide
composition of a downwind plume, has been
developed as a part of this program.

The large variety of radionuclides produced
at the site prompted the development of a number
of specialized atmospheric collection and analy-
sis systems for the Tracking Radioactive
Atmospheric Contaminants (TRAC) mobile labora-
tory (Sigg, 1985). These include radionuclide-
specific monitors for tritium forms, gamma-ray
emitting aerosols, volatile radioiodine, transu-
ranic aerosols, and noble gases. (HT and HTO are
used generically to represent the several

Critium-containing elemental and oxide chemicai
forms of hydrogen isotopes.) The monitors can
detect radionuclides, transported by the atmos-
phere to offsite population centers, at concen-
trations well below those considered hazardous.
Their measurements can address legitimate public
concerns following any abnormal radionuclide
release. An analyzer for a passive chemical
tracer gas (sulfur hexafluoride, SFg) also is
onboard. The diverse instruments, along with
their good sensitivity and fast time response,
make this a unique laboratory. The ability to
operate while in transit is an improvement over
most mobile facilities. Some of the important
functions of TRAC are to
• Provide prompt analyses in the field instead

of delayed analyses at site laboratories
• Obtain timely concentration results in the

event of an abnormal release in order to
- assure the plume has been located and
profiled before returning from the field

- provide information almost immediately to
the onsite Emergency Operating Center (EOC)

o Test and refine emergency response procedures
o Provide data to evaluate rwJ improve

atmospheric transport models by

FIGURE 1. Tracking Radioactive Ataospheric
Contaminants (TRAC) Laboratory
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- monitoring small releases from SRP's normal
operations

- measuring releases of SF6 tracer gas to
simulate emergency response operations

- gathering data during emergency response
exercises.

PLUME LOCATION

The extensive monitoring capabilities cf the
Savannah River Plant can be applied most effec-
tively when personnel have downwind plume loca-
tion information to assist sample collection
operations. Three plume locating methods are
available to guide sampling operations.

TRAC initially receives forecast plume
trajectories and concentrations by radio from the
onsite Weather Center Analysis Laboratory
(Garrett, 1983).

A direction-sensitive gamma-ray monitor
(Figure 2) determines plume locations relative to
the vehicle heading. This onboard plume monitor
uses twelve large Nal(Tl) spectrometers similar
in volume to those used in some aerial surveying
applications. The detector array is shielded on
the bottom and sides to minimize interferences
from naturally occurring radionuclides found in
soils and rocks. Successive short (~15 sec)
counting intervals yield a time series histogram
as the laboratory transects a plume (Figure 3).
Low plume concentrations of short lived ^Ar
(2 hr) from normal reactor operations have been
detected as far as 50 kilometers downwind of an
SRP reactor.'

A real time analyzer for low concentrations
of SF6 tracer is being tested (Milham, 1986).
SF6, intentionally released from onsite facili-
ties, was detected 50 kilometers downwind (Figure
4) in tests of our real-time plume locating
capabilities. When SF6 and Ar are released
simultaneously from two different points on the
plant, measurements downwind show the plume
trajectories are nearly parallel. Location of
either plume downwind allows us to deduce the
location of the other. In the event of an inad-
vertent atmospheric radioactivity release, 1*1Ar
plumes could be useful in locating plumes from
another facility. The possibility of simultane-
ously releasing tracer gas at the effluent point
is also being explored; in this case, detection
of the tracer gas would coincide with the
radioactive plume location.
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FIGURE 3. Crossvind Transect of an Ar-41 Pluae
at the SRP Boundary

FIGURE 2. Plume Monitor Nal(T«) Detector Array
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FIGURE 4. Successive Crosswind Transects of an
SFg PIuse at 25 Km Downwind

COLLECTION AID ANALYSIS SYSTEMS

Specialized monitoring systems collect and
measure radionuclides from large volumes of air.
Concentrations less by a factor of 10~s than the
maximum permissible concentration (MPC) limits
for the general population in uncontrolled areas
can be detected for some nuclides (e.g., 3H and
99mjcj> Sensitivities are less for monitoring
other radionuclides, but all radionuclides of
interest can be detected at or below MPC limits
in near-real time. These are significant
improvements over previous field measurement
capabilities.

TRITIUM FORMS

A tritium forms monitor (Figure 5) collects
and analyzes tritium either as moisture (HTO) or
as elemental gas (HT). Adsorption techniques
concentrate individual forms from large volumes
of air, and desorbed sample material is analyzed
by liquid scintillation spectrometry. The com-
plete process takes about forty minutes. The
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sensitivity (~20 pCi/m ) permits detection of any
abnormal release, even 40 km downwind. Figure 6
shows separate plumes that, were detected onsite
for HT and HTO from different facilities.
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FIGURE 6. Crosswind Transect of HT and HTO
Plumes from Two Separate SRP
Facilities

GAMMA-RAY AEROSOLS

A monitor collects aerosols from air flowing
through a filter at twenty-five cubic meters/
minute. In about twenty minutes, post-collection
germanium spectrometry (Figure 7) identifies
individual gamma-ray emitting radionuclides at
concentrations ranging from 1/15 to better than
lCT5 of MPC (for " T c , 132Te, and m C e )
without waiting for normal radon daughter inter-
ferences to decay. Radioactive debris from the
Chernobyl accident was easily detected in the
southeastern United States by the monitor
(Figure 8).

FIGURE 7. Gamma-Ray Aerosol Monitor and
Chernobyl Debris Aerosol Spectrum
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FIGURE 8. Volatile Radioiodine Monitor anil a
Gaana-Ray Spectrum of Chernobyl
Radioiodine Debris
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RADIOIODIHE

A charcoal canister concentrates radioiodine
from an air stream and then gamma-ray spectrom-
etry (Figure 7) evaluates the canister activity.
The sensitivity for 13iI is 1/3 of MPC when
samples are collected for ten minutes and counted
for ten minutes. 131I from the Chernobyl acci-
dent was also easily detected in the vicinity of
the SRP.

TRAMSUIAHCS

A Teflon*-based filter medium collects
aerosols from an air stream (Figure 9). The
aerosols are deposited at the surface of the
media, allowing alpha spectrometry by silicon
diodes to distinguish transuranics from radon
daughters. Results with detection limits equal
to the MPC of 239Pu are produced in an hour.
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FIGURE 9. Transuranic Aerosol Monitor and a
Background Alpha Spectrum

NOBLE GASES

About 6 cubic meters of air are analyzed for
noble gas activities. Filtered air is compressed
to about 170 atmospheres to concentrate the air
in a pressure vessel. A germanium spectrometer
in the pressure vessel annulus (Figure 10)
analyzes noble gas activities.

APPLICATION AMD SUPPOET SYSTEMS

The above laboratory systems are supported
by a real-time computer and a Loran-C navigation
system.

itnium Dtiecior
Liquid Niuo9fn Dtwar

FIGURE 10. Noble Gaa Monitor Counting Apparatus

The TRAC mobile laboratory supports onsite
environmental research programs through atmos-
pheric transport model validation studies and by
monitoring for trace concentrations of radio-
nuclides wir.h the potential for release during
normal SRP operations. The laboratory monitored
and easily detected radioactive debris from the
Chernobyl reactor accident in air samples
collected in population centers within 160 km of
SRP. The TRAC mobile laboratory also partici-
pated in the Federal Emergency Management Agency
(FEMA)-sponaored St. Lucie Federal Field
Exercise, as well as a joint exercise between SRP
and the states of South Carolina and Georgia.
TRAC's participation in these exercises and
research programs have spinoff benefits that
include testing and improving sampling strate-
gies, logistics, communications, and personnel
training (Addis, 1986).
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Improving Emergency Response Through Field Exercises
R. P. Addis, R. J. Kurzeja, and A. H. Weber

ABSTRACT. Exercises using a tracer gas Co
simulate the accidental release of gaseous efflu-
ent to the atmosphere have been conducted at the
Savannah River Plant since 1983. Although the
tracer released is a passive gas, the operations
are similar to those required for unplanned
releases of radionuclides. These exercises,
called Mesoscale Atmospheric Transport Studies
(MATS), have produced many tangible benefits,
including efficient, dependable performance of
sampling teams, refinement and documentation of
required skills and logistics, and better wind
forecasting. The exercises have provided data
required to evaluate the performance of disper-
sion models, and identified areas requiring
improvement. For example, the operational
Gaussian model was found to accurately predict
puff centerline and puff width, but to over-
predict the maximum concentration. The relative
merits of moving samplers versus stationary
samplers under various atmospheric conditions
are also discussed.

Array ol 2B SF,
Sequential Samplers

SF, PuttSFt Release (15 Minutes
from 60 m Slack)

MATS Observation Roads

FIGURE 1. A schematic map of the Savannah River
Plant, the ring of road* (called the
HATS arc) on which air sampling i*
conducted, and a typical configuration
of moving and stationary aaatplera

INTRODUCTION

Fifteen-minute stack releases of the tracer
gas, sulfur hexafluoride (SFg), are used to
simulate the unplannad release of radionuclides
from facilities at the Savannah River Plant
(SRP). Atmospheric dispersion of the tracer gas
is detected and measured by both fixed and moving
sampling systems.

The goals of these exercises are to:
• Determine atmospheric dispersion model

accuracy
* Provide an operational test of the capability

to respond during emergencies
o Provide information on crosswind and downwind

spread of gaseous effluent
A downwind distance of 30 km was chosen for

monitoring because it corresponds to the distance
between the release point and the major popula-
tion centers of Augusta, Georgia, and Aiken,
South Carolina. Thirty kilometers also corre-
sponds geographically witu an approximately
circular series of highways where vehicles can
deploy samplers alongside the roads. A schematic
map in Figure 1 shows the SRP, the ring of roads
encircling the plant, and the configuration for a
typical tracer experiment (MATS).

DESCRIPTION

During a typical exercise, personnel are
advised of the release time and are organized
into three sampling teams. Two of the teams
load twenty-eight programmable, sequential air
samplers into vans. The third team operates a
mobile laboratory called Tracking Radioactive
Atmospheric Contaminants (TRAC, Sigg, 1985) which
contains a continuous operating SFg sampling
system and other atmospheric monitoring devices.
When the three teams leave the site, they receive
a puff trajectory forecast. The teams then drive
to the intersection of the puff centerline and
the sampling arc. While the vans are traveling
to the intersection point, meteorologists in the
weather center study the surface pressure fore-
casts and observations, balloon soundings, and
measurements from eight instrumented meteoro-
logical towers to refine the accuracy of the
initial puff impact-zone forecast. These
instrumented towers are located near each produc-
tion facility within the plant boundaries. The
spacing of the drop points along the roadside for
the sequential samplers is based on turbulence
measurements from tower wind instruments.
Deployment instructions are then relayed from
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the weather center to the vans.
As the vans deploy samplers, the TRAC

vehicle with its mobile detection capability
travels crosswind along the sampling arc to
determine the puff's arrival time and actual
location. The SFg concentration data are stored
on computer tapes and discs in real time. Since
TRAC is in radio communication with the Weather
Center, information can be passed to advise the
fixed sampling teams to reprogram or to move
samplers to a better location. This procedure
can be extended to greater distances downwind as
the puff moves along its path. A computer pro-
gram determines the 3tart time and optimizes the
sampling interval for the 10 sequential motor-
driven syringes used to collect whole air samples.

After the sequential samplers are retrieved
from the roadside and transported back to the
laboratory, the SF6 concentrations are determined
by gas chromatography. The TRAC SFg concentra-
tions are also transferred to the weather center
computer system. Calibration gas standards are
available in four concentrations to ensure the
accuracy of measurements of both the fixed
sequential samplers and the mobile continuous
sampler. The concentration data are plotted in
time-space cross-sections and compared with
models used during emergency response.

RESULTS AMD CONCLUSIONS

The exercises have provided the data
required to determine the performance of the
dispersion forecast models. The operational
emergency response Gaussian model, PUFF/PLUME,
accurately predicts the width and centerline
location of the puff, but overpredicts the
centerline maximum concentration on average by
5.A times. A sequential Gaussian model, 2DPUF,
also used in emergency response, more closely
predicts the centerline maximum concentration -
only overpredicting by 1.5 times.

The logistics of sampler deployment have
been improved through heuristically optimizing
the spatial distribution of the samplers, the
sampling intervals, and perfecting communications
and deployment timing between the meteorological
forecasters and field crews. The importance of
accurate and timely forecasts of transport wind
speeds and directions became evident when the
field exercises were begun. For example, a
transport distance of 30 km results in a mean
transport time of about 2 hours for a 15 km/hr
wind. Thus, a forecast error of only 10 degrees
in direction and 3 km/hr in speed for the trans-
port wind results in a centerline location error
of 5 km at the samplers and a timing error of
about 30 minutes.

Another practical benefit of the exercises
was the testing of sampling strategies. Sampling
with a series of stationary sequential samplers
is useful in steady or predictable wind regimes.
Such a strategy enables the measurement of several
cross-sections of the puff as it passes overhead.
Results from a typical stationary sampler deploy-
ment are shown in Figure 2. However, during
variable conditions the stationary sampling
strategy often proves to be less than ideal. It
is during such conditions that the moving sampler
strategy of the TRAC vehicle is most valuable.

The TRAC is able to cross the puff and
measure the SFg concentrations in real time.
Figure 3 shows five successive cross sections of
a typical SFg release. However, if wind speeds
are high, only one transect through the puff may
be possible.

«^

FIGURE 2. Typical result* from stationary
sequential air samplers showing the
SFg concentration in tiae and space
a puff crossed the HATS arc

0 2 4 • •
Distinca Ikm)

FIGURE 3. Typical cross sections of an SF6 puff
•a •assured by a continuous SF6 analyser
onboard TRAC. These are five successive
concentration cross-sections for MATS
#26, 12/11/85
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Savannah River Plant Remote Environmental Monitoring System
/ . F. Schubert

ABSTRACT. The SRP remote environmental monitoring
system consists of separations facilities stack
monitors, production reactor stack monitors,
twelve site perimeter monitors, river and stream
monitors, a geostationary operational environ-
mental satellite (GOES) data link, reactor cool-
"ing lake thermal monitors, meteorological tower
system, Heather INformation and Display (WIND)
system computer, and the VANTAGE data base
management system. The remote environmental
monitoring system when fully implemented will
provide automatic monitoring of key stack
releases and automatic inclusion of these
source terms in the emergency response codes.

INTRODUCTION

The Savannah River Plant (SRP) remote
environmental monitoring system is a new concept
in emergency response, designed to provide real-
time accurate source terms to the emergency
response computers in the event of an unplanned
release of radioactive or toxic chemicals to the
biosphere. Data are collected and archived for
immediate use during the emergency response, or
for later use in research and development.

The 800 square kilometer Savannah River
Plantsite operated by E. I. du Pont de Nemours
and Company for the U.S. Department of Energy
produces nuclear materials for the U.S.
Government. SRP is considered a complete nuclear
complex. Major facilities at SRP include:
* Four nuclear production reactors moderated and

cooled with heavy water
* Two chemical separations plants for separating

and purifying the reactor products
• A Fuel Materials Facility for producing fuel

for the U.S. Navy's nuclear powered ships
• A Defense Waste Processing Facility which will

process high-level radioactive waste for
incorporation in glass for underground storage

Although the facilities of the Savannah
River Plant have a very low potential for hazard-
ous releases to the environment, the Environ-
mental Technology Division of the Savannah River
Laboratory with the aid of SRP personnel have
designed and begun installation of a real-time
remote environmental monitoring system. This
system places the latent monitoring technology in
existing production facilities to provide accu-
rate source terms to a central computer system
for effluents which might be released to the
biosphere.

Key stack release instruments are presently
monitored by control room personnel and the
results are transmitted verbally by telephone to
the Emergency Operating Center (EOC). These
data are then manually entered into the Heather
Information and Display (WIND) System computer
(Garrett et al., 1981). The WIND System combines
the stack release data and local meteorological
data and calculates the transport and dispersion
of toxic and/or radioactive pollutants. The WIND
System also calculates the predicted integrated
doses and dose rates for both onsite and offsite
populations.

Delays can occur in obtaining the necessary
information about the possible dose consequence.*
to the offsite populations because of the large
amount of manual data entered and the verbal
communications between the EOC and operating
areas. To eliminate these delays and the poten-
tial for human error, a program is in progress
for the installation of electronic stack monitors
and the necessary associated electronics to scale
and digitize the signals for direct transmission
to the WIND System computers.

SYSTEM DESCRIPTION

The SRP remote environmental monitoring
system is composed of the following instrumenta-
tion: Separations Facilities Stack Monitors,
Production Reactor Stack Monitors (Figure 1),
Twelve Site Perimeter Monitors (Figure 2), River
and Stream Monitors (Figure 3), Reactor Cooling
Lake Thermal Monitors, Meteorological Tower
System (Figure 4), WIND System Computer, and the
VANTAGE Data Base Management System.
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rf REACTOR BLDG.

• I SEPERATION BLDG./STACK

FIGURE 1. Map of the Savannah River Plant
Showing Locations of Reactors and
Separation Buildings

PERIMETER MONITORS

FIGURE 2. Location of the Twelve Perimeter
Monitors

FIGURE 3. Location of the River and Stream
Satellite Data Collection Platforms

FIGURE 4. Location of the Seven Meteorological
Towers, Weather Center Analyses
Laboratory and the WJBF-TV Tower
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A Geostationary Operational Environmental
Satellite (GOES) data link is used to transmit
data from remote locations in and around the
plantsite (river, streams, and perimeter
monitors). Radio-Telemetry data links connect
reactor cooling lake temperature monitors with a
computer controlled base station. The computer
also transmits the received data over telephone
lines to the WIND System computer. The noble gas
raoniLor uses fiber optic cables to link the stack
monitor to the control room. The fiber optic
cable is immune to electro-magnetic interference
from motors and relay switches in the local area.

RESULTS

As each element of the system is completed,
it is linked to the WIND System computer and the
remote environmental monitoring data base.
Elements completed to date are: the meteorologi-
cal tower system; reactor cooling lake tempera-
ture monitors; river and stream monitors, and
associated GOES satellite up-link and down-link;
and a tritium forms stack monitor. The noble gas
data links will be available shortly vith the
installation of data collection and transmission
equipment. The real-time monitoring data are
combined with the meteorological data using the
WIND System VAX 11/780 computer and the VANTAGE
Data Base Management System. The VANTAGE Data
Base Management System provides seven levels of
alarm and alert functions. It also can display
up to four variables (in any combination) on an
electronic strip chart. VANTAGE archives all the
variables in such a fashion that they are immedi-
ately available to the WIND System emergency
response codes, or are available at a Later date
for any other purpose.

The remote environmental monitoring system
when fully implemented will provide automatic
monitoring of key stack releases that are
presently monitored by control room personnel.
This will eliminate verbal communications and
delay in receiving the necessary information
needed for the emergency response codes. This
system will provide complete real-time accurate
source term information for automatic inclusion
in the emergency response codes.
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Aquatic Emergency Response Model at the Savannah River Plant
David W. Hayes

ABSTRACT. The Savannah River Plant emergency
response plans include a stream/river emergency
response model to predict travel times, maximum
concentrations, and concentration distributions
as a function of time at selected dowstream/river
locations from each of the major SRP installa-
tions. The menu driven model can be operated
from any of the terminals that are linked to the
real-time computer monitoring 9ystem for emer-
gency response.

INTRODUCTION

The Savannah River Plant (SRP) has emergency
response plans to be put into'effect in the event
of a significant release to the environment of
toxic or radioactive material. This paper con-
cerns the emergency response to the escape of
liquid pollutants to plant streams which flow to
the Savannah River and thence to the Atlantic
Ocean. More specifically, the paper describes a
mathematical model used to predict the immediate
consequences of the liquid release.

The computer input information required for
the stream/river emergency response model
includes the known or estimated quantity, compo-
sition, and location where the pollutant entered
a plant stream. The model then predicts travel
times, maximum concentration, and concentration
distributions as a function of time for selected
downstream/river locations. The menu driven
model can be operated from any of the terminals
that are linked to the real-time computer moni-
toring system for emergency response. These
terminals are in the control rooms of all major
SRP facilities. The selected downstream loca-
tions stored in the model include the public
highway (SC Highway 125 that crosses the SRP
facility, mouths of streams at the Savannah
River, two bridges that cross' the Savannah River
below SRP, and the water intakes for the
Beaufort/Jasper and City of Savannah Water
Treatment Plants.

OPEKATIOH OF THE MOMEL

The menu-driven aquatic emergency response
model contains all of the required stream infor-
mation in its data base and requires only entry
of data pertinent to the release. In the example
here, a release from C Reactor to Four Mile Creek

will be simulated. The execution of the model
requires entry of date, time, type, and units of
release (part (a) of Table 1), facility identi-
fier (part (b) of Table 1), the amount of
release, and the duration of release (part (c) of
Table 1).

TABLE 1

Input Data for a Release
(a) Type, (b) Location,
(c) Aaount and Duration

itxttttxttttttnuttttttiiittttttttttttttitttxtt

(a) EMERGENCY RESPONSE FOR RELEASES TO PLANT STREAMS

tttttxxtttsstttttttttxxttttttttttttttxtttttxittt

INPUT FOR THE TIRE A W DATE OF RELEASE I
NOON IS M M Pfl, H1DHICHT IS M M Afl.
INPUT RELEASE START (DEFAULT, »7SC Pfl Ml786)

IS RELEASE RADIOACTIVE (V or N, dafiult is VM

ENGLISH OR flETRIC UNITS (E or «, default 1* E X (1

ARE RELEASE UNITS I , KC, CI (Dafiuti Is C D :

(b) IF RELEASE LOCATION ISi

D. AREA OUTFALL
HIGHWAY 27» UPPER 3 RUNS
RD. C (FLOUINC STREAMS)
RD. A (UPPER 3 RUNS)
H WfEn
F AREA
C AREA OUTFALL
P AREA OUTFALL
K AREA OUTFALL
RD. A 14 RILE CREEK)
RD. A (STEEL CREEK)
PAR POND DAB
flOUTH OF UPPER FOUR NILE
(MOTH OF LOUER 3 RUNS
HOUTH OF STEEL-PENBRANCH
HOUTH OF « NILE CREEK
BOOTH OF BEAVER DM*
IWUTH OF UPPER 3 RUHS
ALTERNATE (MANUAL INPUT)

ENTER CHOICE HERE - CC

PLEASE TVPE

DO
HS
FS
UA
HH
FF
CC
PP
KK
A4
AS
PD
RU
PIL

ns
m
m
AL

(0
tsmt*tttt**tt»titx»*»tt*Mmt*t*z»xt»ttt

SLUG RELEASE OPTION

XXXXXXXXXXXXXXXXXXIIXXXXXXXXXXXXXXXXXltXXlXXXXXt

ENTER THE NUMER OF CI OF MATERIAL RELEASED: 5

ENTER THE DURATION OF THE RELEASE IN flINUTESi 25
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The output is designed to show graphically
the impact of a release to downriver users and to
help in the design of a sample plan to monitor
the release. The output consists of a table and
several graphs. Table 2 summarizes the input
information, in this case for C Reactor at SRP,
and gives the results of the model calculation
(the maximum concentration and time of arrival
at each of the preselected downstream/river
locations). The maximum concentration at
C-Reactor outfall was 3.3 E-07 Ci/L and this
concentration had been reduced to about 1.9 E-07
Ci/L by the time it had arrived at SC Highway 125
230 minutes later due to dispersion processes
(Table 2).

TABLE 2

SHL Stream Transport Program

SRL STREAK TRANSPORT PROGRAIt 17-AUG-B6 7:56 Fn DT

DOUNSTREAn CONCENTRATIONS CALCULATED FOR A RELEASE
AT C-AREA OUTFALL

RESULTS FOR A SLUG RELEASE OF 5.«« CI, LASTING 2<

INITIAL CONCEHTRATIONI •.33ME-K CI/L

Pn ONRELEASE TIKE IS 7:56
THE REACTOR IS UP
THE RELEASE IS RADIOACTIVE

ROAD AI
SAIMWMH RWEK:
US HICHUAV 3811
STATE HIGHUAV 1191
BEAUFORT-JASPER:
SAU. UATER PLANT:

HAX CONCENTRATION
(CI/L )

9.l8812E-e6
E7

1656EeS
6.94951E-89
«.91S51E-»9
e96696Ee9

ETA
(HIN)

1635.84
2368.M
4681.M
S490.M
5899.»»

TIHE
i j u s pn
HU Pfl

i«:24 AH
1213? AH
3126 Pn
18:IS pn

DATE
8/17/86
8/18/86
8/19/86
3/21/86
8/21/86
8/21/8G

The travel time to the Savannah River is
about 1000 minutes from C Reactor Area and the
concentration was reduced by a factor of ten due
to dispersion processes. Once flow from Four
Mile Creek entered the Savannah River, it was
immediately diluted by a factor of about 25.
Concentration changes were small after mixing
with the Savannah River.

Graphical illustrations are then used to
present the tabular results on area maps and to
show the time/concentration profiles at
downstream/river locations. The first graph
(Figure 1) is a map of SRP that shows the
location of the releaee, identifies the public
road and mouth of the creek for that release, and
shows maximum concentration and estimated time of
arrival. The second graph (Figure 2) is a map
showing the same type of data as the first graph
but for downriver locations. The third graph
(Figure 3) is a plot of the concentration as a
function of time for each preselected location.
The third graph is used to estimate the duration
of release and the time the concentration could
be above some guideline concentration level.
Because the concentration reduction is large
after mixing with the Savannah River, a plot
showing the log of the concentration is also
given so that details of the concentration in the
Savannah River can be seen.

SRL STREAfl TRANSPORT PROCRAH I7-AUG-8S 7:56 Pf! DT
DOUNSTREAn CONCENTRATION CALCULATED FOR A RELEASE

RELEASE T I IC I AT C-AREA OUTFALL
TINE DATE
7S*

IE
7iS*

E
S/17/K

(11 ROAD Aj
~~ETA~"

Tine DATE
1H45 PH B/17/8G

RAX CCWC. (CI/L )
».l8812E-«6

(2) SAVANNAH RIUERi

" E T V "
TINE DATE
It 11 PH S/18/SS

IKX CONC. (CI/L )
*.22694E-«7

FIGURE 1. Downstream Concentration Calculated
for a Release at C-Area Outfall -
Onplant

SRL STREAK TRANSPORT PROGRAH 17-AUG-86 7:56 PH DT
DOUNSTREAn CONCENTRATION CALCULATED FOR A RELEASE

RELEASE TIfl£: AT C-AREA OUTFALL
TINE DATE
7lS* Pn S/17/IC

(1) US HICHUAV 3011
~ETA "

TINE MTE
1*184 M 8/19/M

MX CONC. <CI/L )
• .l*S£7E-*t

(2) STATE HICHU4V 1191
gj^ -

TinE DATE
12137 m S/21/SC

RAX CONC. (CI/L )
*.«49SlE-*9

(3 ) tEMJFORT-JASPERl
' " E T » "

Tine DATE
3126 PN t /21 / tS

RAX COHC. (CI/L )
• .91SS1E-W

(4) SAV. WATER PUHTI
ET*

TIRE MTE
• • U S PR I/Z1/SC

HAX COHC. <C1/L )
#.SMSSE*4Jt)

/ S i p '
(1

\
L
>
6.US HICHUAV 2»1

I C
"̂ hSTATE HICHUJW 119 /

\ lEMJFORT^MPER

[i SAU. UATCM/LMfT

FICUKK 2. Downstream Concentration Calculated
for a Kclease at C-Area Outfall -
Offplant

SKL STXEM TRANSPORT PROCRMI 17-AUG-8G 7:'C Ptl DT PAGE 4
TINE SERIES PLOT OF DOUNSTREAn CONCENTRATIONS

(1) ROAD A: (41 STATE HICHUAV 1191
... (2) SAVANNAH RIVERl (S) lEAtJFOHT-JfiSPE*!

(3) US HICHUAV 3*11 (S) S M . UATER PLANT;

• ».* l.« 1.5 2.* 2.5 3.« 3.S 4.* 4.S

MVC SINCE KLEME (RELEASE TlnE 1 7.K HI )/17/*C>

FIGURE 3. Tiae Series Plot of Downstream
Concent rat ions
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MODEL
A one-dimensional model was used to describe

pollutant transport in SRP streams and the
Savannah River.

3x

3C

where C * the average cross sectional
concentration

x " coordinate in the direction of flow
u * the mean velocity of flow
D « the longitudinal mixing coefficient
t * time

The model is conservative (i.e., it is
assumed that no material loss occurs during
transport) and can be used to calculate the
results for any release distribution by use of
routing. A one-dimensional model is an adequate
description of pollutant transport except in the
zone of discharge. Mixing in the discharge zone
is dominated by convective dispersion which
produces a skewing of the pollutant concentration
distribution and is not predicted by the above
equations. The mixing zone is a small feature
(the effective zone is equal to about 50 stream
widths) when compared to the length of the
stream. These types of models have been used to
describe pollutant transport in many streams and
rivers (Fischer, 1966; Thackston, Hays, and
Krenkel, 1967).

A conservative model from an emergency
response view results in higher pollutant
concentrations and faster travel times in a
stream or river than a nonconservative model
where adjustments are made for deposition,
sorption, and chemical reactions for pollutants
in a stream or river. The conservative model is
considerably easier to implement and by use of
the pollutant routing technique can handle almost
any pollutant release distribution.

EXPERIMENTAL EVALUATION OF STREAM/RIVER TRANSPORT
COEFFICIENTS

It was necessary to determine the velocity
and dispersion coefficient for each stream and
the Savannah River to estimate the travel times
and pollutant concentrations at a location.
These coefficients were determined using dye
tracer studies. A one-dimensional model, TETRAD,
was programmed to allow the calculation of stream
velocities and dispersion coefficients from
measured dye concentration profiles. For each
stream, dye was released at the facility and the
dye concentration curve was measured as a
function of time at downstream locations.

Stream velocities and dispersion coeffici-
ents were calculated from Che dye curves using
TETRAD. TETRAD routed the point-by-point dye
concentration from an upstream to a downstream
location using an initial set of stream velocity
and dispersion coefficients estimated from the
statistics of the dye distribution (Godfrey and
Frederick, 1963; H. B. Fischer, 1968; Thackston,
Hays, and Krenkel, 1967; and Buckner and Hayes,

1975). The stream velocity and dispersion
coefficients were then incremented and the
process continued until nonlinear least squares
estimators were minimized for the coefficients.
When the least squares estimators were minimized
for the routing, the best estimate for velocity
and dispersion was obtained. An example of the
dye response curves in Lower Three Runs Creek and
the resulting coefficients are shown in Figure A.
Slight deviations of the model from the actual
creek dye response can be seen. These coeffici-
ents were then used as a data set for the
emergency response model. Dispersion coeffici-
ents and velocities determined for streams on the
Savannah River site ranged from 1 to 25 m/sec and
from 0.1 to 3 ktn/hr.

The model is continually updated with new
data and re-evaluated velocity and dispersion
coefficients. Real-time flow data telemetered
from the streams and river are being incorporated
in the model, thus assuring that the appropriate
dilution factors are available for each stream at
the time of emergency response.

FIGURE 4.

SUMMARY

Lower Three Run* Strew* Dye Tracer
Response Curves

A stream/river emergency model has been
developed for use at the Savannah River Plant to
predict travel times, maximum concentrations, and
concentration distributions as a function of time
at selected downstream/river locations from each
of the major SRP installations.
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Meeting NUREG-0737, II.B.3 Requirements—Backup
Analysis of Postaccident Samples

Todd L. Hardt, Mark J. Bradley, and Trudy E. Phillips

ABSTRACT - The Babcock & Wilcox Company has in
place a mult'fparticipant program designed
specifically to meet the requirements of
NUREG-0737, II.B.3 for offsite analysis of
backup, post accident samples. This paper
provides a brief review of B&W's experience in
analyzing the Three Mile Island (TMI-2) Nuclear
Station post accident samples and the
subsequent establishment of the Post Accident
Sample Analysis Program to meet NUREG-0737
requirements.

Highlighted are the program's "Emergency
Protocol" and its contribution to effective
emergency planning. The paper also reviews the
technical requirements for analyzing and
handling post-accident samples. Specifically,
the methods for analyzing low-levels of
chlorides in a highly borated sample and the
problems associated with transporting
post-accident samples will be addressed.

INTRODUCTION

NUREG-0737, "Clarification of TMI Action
Plan Requirements," I I .B.3, "Post-Accident
Sampling Capability," Criteria (8) states the
following, " . . . the license shall provide
backup sampling through grab samples, and shall
demonstrate the capability of analyzing the
samples. Established planning for analysis at
off-site facil it ies is acceptable. Equipment
provided for backup sampling shall be capable
of providing at least one sample per day for 7
days following onset of the accident and at
least one sample per week until the accident
condition no longer exists."

In early 1982, Babcock S Wilcox (BSW)
Initiated the Post-Accident Sample Analysis
Program for backup, offsite analysis of post-
accident samples. The program was specifically
designed to meet the requirements of NUREG-0737
and benefited from the lessons learned during
BSW's handling and analysis of TMI-2's post
accident samples. The program consists of
three important documents:

Emergency Protocol: A one-page
guideline identifying whom to call and
the required Information for BSW
notification of post accident sample
shipment.

Project Technical Plan: Describes the
state of readiness to be maintained at
B&W's Lynchburg Research Center
laboratories, response times, and
scope of analyses to be performed.

Quality Assurance Plan: Documents
compliance with the requirements
imposed by 10CFR61, Appendix B.

This paper reviews BSW's experience with
analysis of the TMI-2 post-accident samples and
the subsequent genesis of the Post-Accident
Sample Analysis Program. Discussed in detail
are the program's "Emergency Protocol" and
backup analysis of post accident samples.
Transportation of post accident samples is also
discussed.

BACKGROUND

In early April 1979, Babcock S Wilcox was
contracted to perform radiochemical analysis on
samples taken from the TMI-2 plant following
the March 29th accident. The samples were
shipped to BSW's Lynchburg Research Center in
lead-shielded, 55-gallon drums. The early
samples were taken from the plant to the
airport by truck and then air l i f ted to BSW in
Lynchburg, Virginia by the National Guard. The
later samples were transported by private
charter from Harrisburg, Pennsylvania, to
Lynchburg, Virginia. Once the sample arrived
1n Lynchburg, I t was transported to the lab by
a commercial transport company. Shipment of
reactor coolant samples continued on a weekly
basis for over 2 1/2 years.

Several valuable lessons were learned
during analysis of the Init ial samples from
TMI-2. For example, the fact that a single
point of contact did not exist at TMI-2 or BSW
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to respond to this kind of emergency created
confusion. To address this and other problems
experienced following TMI-2 and to meet the
requirements of NUREG-0737, BSW's Post-Accident
Sample Analysis Program was established in
mid-1981 as a multiparticipant program for the
Boiling Waste Reactor (BWR) Owners Group. The
purpose of the program was to ensure that the
capability for backup analysis of post-accident
samples was available on an emergency response
basis. I t was designed specif ical ly to meet
the requirements of NUREG-0737, I I .B.3 for
o f f - s i te analysis of post accident samples.

The analysis done on the TMI-2 samples was
the minimum required to answer questions of
plant condition and s tab i l i t y . Gamma-ray
analysis, in particular the ident i f icat ion of
cesium and iodine ac t i v i t i es , was coupled with
strontium analysis to assess the extent of
damaged fue l . Boron was measured to verify the
shutdown margin. Water chemistry attr ibutes
such as pH, conductivity, chlorides and oxygen
were used to determine the corrosion potential
of the coolant. Analysis of the dissolved
gases aided in the estimation of core damage
and coolant corrosion potential .

The current program provide.': the u t i l i t y
emergency planner with an "emergency protocol,"
which includes a single point of contact
protocol for program in i t i a t i on in the event of
an accident. The program provides a 24-hour
turnaround confirmatory analysis capabil ity to
over one-third of the operating nuclear plants
in the United States. The emergency protocol
has been exercised many times during plant
d r i l l s with two u t i l i t i e s testing the complete
system of sample shipment, receipt, analysis,
and reporting of the results.

EMERGENCY PROTOCOL

Following the TMI-2 accident, samples were
transported to the Babcock & Wilcox research
center i n Lynchburg, V i r g i n i a , f o r ana lys is .
At the t ime, no mechanism existed fo r the
n o t i f i c a t i o n of E3W, or f o r rapid coordinat ion
of resources to analyze the samples. As such,
a s i g n i f i c a n t amount of e f f o r t was required to
gear-up f o r the i n i t i a l samples.

In developing the Emergency Protocol (EP)
fo r the Post Accident Sample Analysis Program,
the need to make i t simple and r e l i a b l e were
considered paramount"! Simple meant t ha t the EP
could be exercised quick ly w i th l i t t l e chance

of making a mistake. Rel iable meant tha t the
EP would accomplish i t s purpose every t ime.

The Emergency Protocol i s a one-page
document. I t provides the names and telephone
numbers of the emergency contacts; the
information required at the time of i n i t i a t i o n ;
and BSW's emergency response ac t i v i t i es . For
r e l i a b i l i t y , both a primary and alternate
contact are l i s ted , and the work and home phone
number for each is provided. The Emergency
Protocol has been successfully exercised many
times over the past few years as part of plant
emergency d r i l l s .

BACKUP ANALYSIS OF POST-ACCIDENT SAMPLES

The NRC's "Clar i f icat ion of TMI Action
Plan Requirements," NUREG-0737, specifies the
requirements that must be met by licensees of
commercial nuclear power reactors for post
accident sampling and analysis. Cri ter ion 8
provides the guidelines for using an o f f - s i t e
laboratory for backup sample analyses. Al l of
the post accident analyses have been
successfully tested and the required accuracies
achieved, as l i s ted in Table 1 .

Post accident sample analyses are
performed on three sample types — l i q u i d , gas,
and part iculate and charcoal f i l t e r s .
Depending on whether the plant is a PWR or BWR,
the type of sample to be handled could be an
atmospheric gas or l i qu id or a pressurized
l i q u i d . The gas phase of pressurized samples
is expanded and flushed from the l iqu id by
means of an argon sparge into an evacuated
expansion v i a l . Gas samples are removed by a
syringe for analysis by gas chromatography and
gamma-ray spectroscopy. The l iqu id phase 1s
simply drained from the sample container into a
bott le for subsequent analyses.

To perform these analyses within a 24-hour
period, the 38W Lynchburg Research Center
laboratory is kept in a state of readiness at
a l l times. Reagents are kept fresh and a l l
analytical Instruments are maintained in a
ready and calibrated state. Therefore, 1n the
event of an accident or a practice d r i l l , a
complete set of analyses on a post accident
sample (except for strontium 89 and 90) can be
performed wi th in 24-hours of receipt of the
sample.

The NRC c la r i f i ca t i on l e t te r for
NUREG-0737 requires that laboratory procedures
for the analysis of post-accident reactor

Analysis

Gamma Activity
Sr-89,-90
Boron

Cilor ide

Conductivity
K, 0, Kr

TABLE !.. Post-Accident Sample Analyses

Range Accuracy Method

50-2000 keV
0-1000 uCI/cc
0.1-100 ppm
100-10,000 ppm
>500 ppb
<500 ppb
1-10,000 uohms
> 0.5%
< 0.5%
1-13

20%
25%
5%
10%
10%
50 ppb
10%
5%
20%

Spectroscopy
Radiochemical
i.e.
Titration
i.e.
i.e.
Cond. Bridge
GC
GC

0.3 units Electrode
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coolant samples be tested with a simulated
post accident sample. The B4W procedures have
been successfully tested for the analysis of
chloride and boron in the prescribed test
matrix. Both analyses used the method of ion
chromatography and were shown to meet or exceed
the specifications of the guidelines.

TRANSPORTATION OF POST-ACCIDENT SAMPLES

An undiluted liquid, post accident grab
sample drawn for off-site analysis will
typically be 10 to 30 mis and have an activity
as high as 1 curie/ml. The sample may be
pressurized or unpressurized and be in anything
from a glass vial to a shielded, steel bomb.
The transportation of these highly radioactive
liquid and gaseous samples is difficult.

There are two methods for shipping
post-accident samples — Type A containers and
Type 8 containers.

o Type A - Containers are designed to
retain the integrity of containment and
shielding under normal transport
conditions.

o Type B - Containers are designed to
retain the integrity of containment and
shielding under normal transport
conditions and hypothetical accide.it
test conditions.

Type B packaging is more restrictive and
can thus carry higher activity samples. The
primary regulations that govern the
fabrication, testing, licensing and use of Type
A and B containers are:

o 10CFR71 - Nuclear Regulatory Commission
regulations on transportation of
radioactive material,

o 49CFR173 - Department of "Transportation
regulations on transportation of hazardous
materials.

A typical post accident sample w i l l
require a Type B container for shipment
immediately following an accident. However,
after a short decay period (16 hrs to 7 days),
these samples can be shipped as Type A. Thus,
the two options for transporting a
post accident sample are:

1. Type B Shipment: The post accident sample
is drawn and then shipped immediately via
truck or ra i l to the o f f -s i te laboratory
for analysis.

2. Type A Shipment: The post accident sample
is drawn and then stored for deacy. When
the sample reaches Type A, levels, they are
transported by a i r to the of fs i te
laboratory.

The decision to use a Type A or Type B
cask is a function of many factors. Two key
factors are the technical adequacy of the
transport method selected and the 'up-front1

cost. The up-front cost is a function of the

cost of the container, and the lead pigs needed
to hold samples while the containers are in
use. Typically, a Type A cask w i l l cost much
less than a Type B. As a minimum, two casks
should be available. This is a cost of
$150,000 to $300,000 for two Type B's versus
$20,000 to $40,000 for two Type A's.

For ALARA purposes, a post accident sample
should be drawn, stored, and transported in the
same lead pig. A Type B container can take up
to nine days for a round t r i p between the
o f f -s i te laboratory and the plant. Thus, even
with two Type B casks, up to seven lead pigs
w i l l be needed to handle the f i r s t week's
samples. The number of lead pigs needed
the Type A transportation scenario w i l l depend
on the roundtrip f l i gh t time (one day or less)
and the sample decay time. For a BWR, 10-ml,
depressurized sample, the decay time to Type A
is approximately 16 hours. For a PWR, 15-ml,
pressurized sample, the decay time to Type A Is
approximately seven days. Thus, use of a Type
A cask w i l l require no more, and probably fewer
lead pigs for drawing and storing samples than
for a Type B.

In general, using a Type A cask for
transport or post accident samples w i l l
s igni f icant ly reduce up-front costs. Keep In
mind, following the TMI-2 accident, the . i n i t i a l
samples were flown to Babcock * Wilcox's
Lynchburg Research Center by Air National
Guard and the subsequent samples were flown in
Type A containers using a private carr ier
service.

EXPERIENCE

During the four years that this program
has been in effect, the entire system has been
exercised one time. During this drill,
unexpected problems arose concerning the sample
shipment and the actual sample bomb used to
hold the sample. A power station notified BSW
through the emergency protocol that a post-
accident practice sample was being shipped to
Lynchburg by air for analysis. The sample had
not been received by noon the following day as
expected and a tracer located It at the airport
In Richmond. Oue to its weight, the sample
could not be transported on small plane, and
this, subsequently arrived by truck. This
drill pointed out the need for each utility to
define the most efficient way to transport
the sample to its backup laboratory. A follow
up sample was shipped a month later by truck
with no delays.

An additional problem surfaced when the
sample bomb was removed from the shipping
cask. We found that the sample container was
too large to fit onto the B4W sampling rig.
Several hours were spent replacing fittings on
the container and constructing the tubing to
be used so that the smallest possible volume
would be Introduced to the expansion side of
the system. This pointed out the need for
either a standardized sampling bomb or each
utility to inform Its backup lab of the
correct dimensions of the sample container.

Despite the problems encountered, we were
able to complete all analyses and report
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results to the ut i l i ty within the prescribed
24 hours. The single point of contact
emergency protocol worked very smoothly during
this dr i l l as i t had in other, less-extensive
dr i l l s .

SUMMARY

The Sabcock & Wilcox Post-Accident Sample
Analysis Program successfully fu l f i l l s the
requirements of NUREG-O737, II.B.3 for
off-site analysis of post-accident samples.
Key to that success 1s the emergency protocol
for program initiation and the abil ity of the
laboratory to analyze post-accident samples to
the required precision and accuracies.

When Initiating similar programs for
meeting regulatory requirements, Important
factors to consider are:

1. The emergency protocol needs to be both
simple and reliable.

2. Use vendors and multiparticipant programs
to meet regulatory requirements. The ideal
situation is to be able to have the vendor
addressing regulatory questions on the
program rather than each participant on an
individual basis.
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ABSTRACT

A postimpleroentation review has been made in NRC
Region I of the postaccident sampling systems
(PASS), the gaseous effluent monitors, and pro-
visions for sampling effluent participates and
radioiodines, which were required by the NRC
subsequent to the TMI-2 accident (NUREG-0737).
Prefabricated PASSs were predominant. Problems
included inadequate purge times, separation of
dissolved gases, excessive dilution, and Che
accuracy of analytical techniques in the
presence of interferences. Microprocessors
controlled high-range gas monitors with integral
provisions for sampling particulates and radio-
iodines in high concentrations were widely
used. Calibration information was generally
insufficient for the unambiguous conversion of
monitor reading to release rates of a varying
postaccident mixture of radiogases. The refer-
enced sampling guidance (ANSI-N 13.1-1969) was
inappropriate for the long sampling lines
customarily used. Generic research is needed to
establish the behavior of particulates and
radioiodines in these lines.

I. INTRODUCTION
The accident >it Unit-2 of the Three Mile

Island Nuclear Power Station (TMI) on March 28,
1979 disclosed numerous deficiencies in the
installed system for the collection and analysis
of primary coolant and containment atmosphere
samples under post-accident conditions. This
system was typical of those then installed at
U.S. Nuclear Power Stations. The accident also
disclosed limitations in the capability of its
gaseous monitors and the adequacy of sampling
systems to deal with the concentrations of
airborne effluents that might be anticipated
under post-accident conditions. They were also
typical of those being employed at the time of
the accident.

Subsequently, the U.S. Nuclear Regulatory
Commission (NRC) drew up a number of short-term
recommendations which were based on the lessons
learned from the accident and which were de-
scribed in the report NUREG-0578.1 They in-
cluded measures for the improvement of post-
accident sampling capability and for the
expanded range of radiation monitors. These

recommendations were developed into specific
tasks in report NUREG-0660 and fir.ilized for
implementation in a clarification, NUREG-
0737 . Its specific requirement for Poet
Accident Sampling Capability are set forth in
Item II.B.3.

Those for High-Range Noble Gas Effluent
Monitors are set forth in Item II.F.I, Attach-
ment 1, and those for the sampling and analysis
or Measurement of High-Range Radioiodine and
Participate Effluents in Gaseous Streams are set
forth in Item II.F.I, Attachment 2.

An implementation deadline of January 1,
1982 was specified. It was also indicated in
NUREG-0737 that these systems would be subject
to a post-implementation review. Responsibility
for their post-implementation review was as-
signed by the NKC Office of Inspection and
Enforcement to the NRC's regional offices. In
mid-1983, Region I contracted with the Safety
and Environmental Protection Division of
Brookhaven National Laboratory for technical
assistance in their performance. Each has
required the identification and documentation of
the licensee's commitments, clarifications,
schedules and orders. A subsequent on-site
inspection has Included the physical verifi-
cation and validation of the installation and
operability of equipment, as well as the verifi-
cation of the adequacy of the licensee's pro-
cedures and of the qualification and training of
licensee's personnel.

Starting in late 1983, on-site reviews have
been completed at the rate of about one per
month for the twenty operating licensee sites in
Region I, which currently contain a total of
twenty-five operating reactors. They are
located in four of the New England states: New
York, New Jersey, Pennsylvania and Maryland.

II. APPROACH
Before the on-site reviews commenced, the

individual elements that should be included In
the overall review effort were considered in a
Management Oversight and Readiness Tree (MORT).
Following this, a specific set of instructions
and/or questions related to each review compo-
nent was prepared. These included such sub-
categories as design, monitoring system,
procedures, structures, hardware and support
services, readout an^ recording, personnel and
training.

149
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III. FINDINGS

A. POST ACCIDENT SAMPLING SYSTEM (II.B.3)
As indicated in NUREG-0576, the purpose

behind the requirement for the improved post-
accident sampling capability was the prompt
provision of information for the assessment and
control of the course of an accident. In par-
ticular, the II.B.3 required chemical and
radiological analyses are intended to provide
Information for the assessment of core damage
and coolant characteristics. The required
analyses of containment atmosphere are Intended
to establish the presence and concentration of
hydrogen, as well as to provide information for
core damage assessment.

The principles of core damage assessment
are based on the grouping of fission products
according to their volatility. Thus, the
fraction of each group that would be released
would depend on the temperature and fuel frag-
mentation during an accident. An extended
discussion of this subject was presented in the
Rogevin Report , from which the grouping shown
In Table I is excerpted. An Inventory of the
major fission products in a reference 3651 Mw(t)
BWR which has been in operation for three years,
arranged according to release groups, is shown
in Table II.

In very broad terms, an accident in which
only noble gases were released would be indica-
tive of fuel cladd?"ff failure, one in which the
volatile nuclides of I and Cs were present would
be indicative of high fuel temperatures and one
in which the non-volatiles were also present.
In a more complex situation, the core damage
would be determined by a set of simultaneous
equations which take into account the ratios of
the release groups.

Table I

Categories of Fission Product
Releases in Order of
Decreasing Volatility

I Noble Gases (Kr, Xe)
II Halogens (I, Br)

III Alkali metals (Cs, Rb)
IV Tellurium (Te)
V Alkaline earths (Sr, Ba)
VI Noble metals (Ru, Rh, Pd, Mo, Tc)
VII Rare earths and actinides

VIII Refractory oxides of Zr and Nb

The licensees of the twenty operating power
reactors In NRC Region I have Installed a varie-
ty of systems to meet the requirements of NUREG-
0737, Item II.B.3. As shown in a summary In
Table III, they range from relatively simple
licensee designed systems which are intended
solely to obtain samples of reactor coolant and
of the containment atmosphere for subsequent
laboratory analysis, to elaborate vendor or
architect engineer designed systems which are
Intended to perform all of the required analyses
in line, with the laboratory only as a back-up.

Table 11

Inventory of Major
Reference Plant Operated

Group-Rogevln Report

Noble gases 1

Halogens 11

Alkali Metals 111

Tellurlua Croup IV

Al/allne Earth9 V

Noble Metals VI

Rare Earths VII

Refractories VIII

Fission
at 3651

Isotope*

Kr-85.
Kr-85
Kr-87
Kr-68
Xe-133
JCe-135

1-131
I-I32
1-133
1-134
1-135

Cs-134
Cs-137
Cs-138

Te-132

Sr-91
Sr-92
»a-140

Ho-99
Ru-103

Y-92
La-140
Ce-141
Ce-144

Zr-95
Zr-97

Products In a
MWt for Three Years

half-Life

4.48h
10.72y
76.3a
2.84h
5.25d
1. llh

6.04d
2.3h

2O.B)i

52.6.
6.61h

2.06y
30.17y
32.2.

78.2h

9.5h
2.71h

12.lid

66.02h
39.4d

3.54h
40.2h
32.5d

284.3d

64. Od
16.91,

Inventory**
106 Cl

24.6
I.I

47.1
66.8

202.0
26.1

96.0
140
201
221
189

19.6
12.1

178.0

138

115
123
173

183
155

124
184
161
129

161
166

* Only the representative Isotopes which have re la t ive ly large inventory an<
considered to be easy to Mature are listed1 here.

None of the reviewed PASS Systems were
adjudged perfect in every respect. However, of
the seventeen which could be fully tested at the
time of the review, all met the basic
requirements of Item II.B. 3. Of the three that
could not, one was inoperative, one had an
Improperly installed valve which made it
impossible to obtain a sample of the containment
atmosphere and one could not conduct a test of
the containment atmosphere sampling system due
to its Technical Specifications, which did not
permit the opening of the valves which maintain
containment isolation during operation.

The representativeness of the PASS samples
reactor coolant and the licensee's radiological
analytical capability were tested by making a
comparison of the results of their analysis with
those from the plant's normal sample sink. The
accuracy of the licensee's chemical analytical
capability was tested by the use of standards of
known content. With one exception, the systems
which were designed to perform all or most of
the required analyses in-line demonstrated the
greatest operational readiness and ability to
provide prompt data. This was especially evi-
dent for the one system that was used to analyze
routine samples. The exception required a long
startup, so that the required sampling and
analysis with it could not be completed within
the stipulated three hours.
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Table III

Summary of Installed Post-Accident
Sampling Systems

Sample Collection
capabil i ty)

(no on-line analysis

No. Remarks
5
7

Sample collection (limited on-line analysis
capabili ty)

General Dynamics
Quadrex
Sentry

Stone & Webster

No. Remarks

3 In-line-pH, Cond.
1 In-llne-pH, B, Cl
1 In-line-pH, Cond,

DO.Dis H
1 In-line-pH, Cond,

IX), Dis H, Cl
1 In-line-pH, B, Cl

Full in-line analysis capability (including
isotopic)

Sentry
Combustion Eng.

Ho.

1
1

Remarks

A schematic of the coolant sampling portion
of a relatively simple PASS Is shown in Figure 1
and that for containment atmosphere sampling Is
shown in Figure 2. The principal features of
the associated control panel are shown in Figure
3. The panel also contains a mimic diagram of
the system, with pilot lights to indicate that
the Intended steps (i.e. value close up opening)
have occurred. It is obvious that even this
relatively simple system is in fact quite com-
plex, so the detailed and lengthy procedures are
required to guide the PASS operator through the
sequence of steps necessary to obtain the
desired samples.

The principal deficiencies that were
identified during the review of the PASS systems
are summarized in Table IV. It should be noted
that In many instances the findings of Inadequa-
cy of surveillance was made on the basis of the
lack of a suitable schedule and/or the excessive
time Interval required to get a system fully
back on line after a fault had been identified
by the licensee. Although most purge tiroes
seemed adequate, In many instances the licensee
had not conclusively established this by making
calculations of the volume of the line(s) to be
purged. Midway In the review, the Office of
Inspection and Enforcement indicated that the
containment atmosphere sample was primarily for
fission gas measurements, so that sample line
losses should not considered a significant
factor unless the licensee Intended to use
measurements of airborne radiolodines In the
containment atmosphere in the assessment of core

LIQUID POISON

Principal Deficiencies Identified in lUvlew of
Poet-Accld«nt Stapling Systems

Deficiency

Inadequate surveillance and Maintenance

Asiuranee from atudy that purg« tlmea adequate

Assurance of representativeneae of radloiodlnea
in containment air sample

Adequacy of documentation that shielding In eample
room «ad/or of sample during transport sufficient
to enAbl* operation within GLVC-19 criteria.

Procedures did not call for proper pressure and/or
tesjperature corrections

Procedures Inadequate or In need of revision to conform
to actual operation of PASS

Cxceafllve dilution of aaaple prior to screening for actual
level of activity

Liquid in stripped gas

Flow not afsured in the absence of a flow sjeter

Insufficient or no backup for ona or sore in-line analyses

inadequate cest of a l l features of ayetam by llcanae* prior
to on~slce review

Inadequate training or insufficient number of trained
periionnel to assure abil ity to operate system during post-
sccident conditions*

Inadequate assurance that aample could be obtained when
reactor depressurlzed \no pump In PASS}*

Needle bant during attempt to perforate status of sample
collection vial (UE design system)

Improper interpretation of flow producsd by cr l t lcs l orifice

Unsuitable caek/shiald vial for saanle transport

Volums delivered by ball valve (for dilution) not established
by sctual msasurement (GE design system)

Chemlcel analysis procedure not adequately teated for possible
lnterfarencee

Figure 1
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Figure 2
CONTAINMENT ATMOSPHERE PASS SAMPLING OIAGRAM
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downplays the value of this measurement for the
establishment of the potential source term if
the containment should leak or fail outright.

In most cases, the shielding provided for
PASS systems and sample transport appeared
adequate, but many licensees had not conducted a
formal study to establish that the GDC-19
criteria (5 rem whole body, 5 rem extremity
dose) could be met.

The balance of the listed deficiencies and
the measures necessary to address them should be
self-explanatory.

B. HIGH-RANGE NOBLE GAS MONITORS
A summary of the installed high-range noble

gas monitors, according to their location (on-
line or off-line), type of detector, and vendor
is shown in Table V. It is evident that the
Region I licensee have chosen a variety of
approaches to comply with the requirements of
Item II.F.1-1. The typical Boiling Water
Reactor (BWR) contained either one monitored
release point under accident conditions, the
unit vent, or a second monitored release point
for the standby gas treatment system. The
Pressurized Water Reactors (PWR) were more
variable, with from one monitored unit vent and
a main steam line monitor to three monitored
vents and a steam relief monitor.

Two licensees installed on—line monitors,
using ion chambers which were located in or
immediately adjacent to stacks or ducts, while
seventeen installed off-line monitors. Of the
latter, six installed "gas only" high-range
monitors as additions to their pre-existing low-
range monitors. A schematic of such a monitor
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TAB1.K V

S1IMHAKY Of 1NSTAM.KD HID- ANIJ HH.'ll-HANUr'. N0B1.K CAB HONITOH.S

Wo. Bange Detector Vendor Model

On-Une

2 Hld/Hlgh Ion Chamber ( I ) GA M1-2A
( I ) VU lo recn M 7

Operat lnK
Mode

Data ftaclt^round

Off-Line

Una Only

1 Mrf/Hlfth I" I Jl«t 1 c

1

NH(; UA-27U

H i d <W V l c t o r c e n

High ]on Chamber VJctoreeu M7

3 Hld/Hlgh Ion Chamber Vlctorecn 647

1 Mld/Hlgh Ion Chamber Router-Stoke* C4-2!)10-10l

Integrated Gag Honltorfi and P a r t l c u l a t e - l o d l n c Simpler*

5

3

Z

1

1

Mid
HlKh

Hid
High

Hid
High

Mld/lllgh

Mid
HI ill

Cd-Te
Cd-To

m

CH
<«

Co-LI

Kberllnu

SAI

Kbcrllnc

WKCH

svim-

WJM-HH

HACKH5

AXH-]

High A1ura

Contlniiouu

Continiiriito

HIKI) DIAL'D

HI«h Alarm

Contlniioiia

lllp.h Alnrn

Contlniiotiu

High Al/iiw

Mo

No

No

No

Ye

Ye

Ve

Yo

In

No

No

No

which utilizes an ion chamber, ia shown in
Figure 4. Twelve licensees installed com-
mercially available Integrated monitors with
modules for both monitoring and sampling. A
view of a typical one (the Kaman KDGM-HR) is
shown In Figure 5.

These installations have also incorporated
a variety of approaches to the problem of
achieving the required full-range sensitivity.
Typically, three overlapping-range detectors
have been provided, as shown in Figure 6 (for
the Genral Atomics WRGM). In order to achieve
the upper limit of 10 uCi/cm ( Xe equiva-
lent), most of these monitors are designed so
that their high-range detectors view a limited
volume of gas, as compared to that viewed by
their mid- or low-range detectors. An example,
for the enhanced high-range detector of the
Saman HRH, is shown in Figure 7.

Although Item II.F.1-1 was not specific on
the calibration of noble gas monitors up to the
required upper range, the NRC has provided some
guidance. It recognized the problem of the
availability of suitable noble gases, i . e .

Xe In sufficient concentrations and of their
utilization by licensees if they were available.
Therefore, the Staff recommended that a one-time
"type" calibration in the laboratory over the
intended range be performed and that the trans-
fer procedure of ANSI NJ23-1978 be utilized in
conjunction with solid sources at appropriate
energies for on-site calibrations.

Figure

ADDED EQUIPMENT

High-range effluent process radiation

monitors

FiRure 5. Kaman HRH high-range noble gas monitor

and Bampler
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As suggested by Table VI, most of the ven-
dors appear to have performed onlv a "one point"
primary calibration, utilizing 1JJXe and S 5Kr.
They have then performed a number of transfer
calibrations with solid sources with a range of
activities and energies, to establish the energy
response and/or range capability of a given
detector.

A summary of the sampling arrangements
which have been provided to achieve compliance
with Item II.F.1-2 and which have been reviewed
to date is shown in Table VII. Again, a variety
of approaches is evident. Some licensees (in-
cluding the five who have utilized "gas only"
monitors to comply with Item II.F.1-1) installed
independent sampling facilities. One licensee
wrote emergency sampling procedures with incor-
porated pre-existing unshielded collector for
routine sampling. Five added additional
shielded particulate and iodine sample positions
which were connected to an existing low-range
sample line, while one added a pre-fabricated
multiple sample-position module.

Eleven licensees have installed integrated
monitor/samplers which contain micro-processor
modules that provide for the automatic or remote
collection of a sample at one of three indivi-
dual sample positions, as is also shown in
Figure 8. Another licensee located its inte-
grated unit in what would become a high-radia-
tion field during post-accident conditions, so
elected to create another more remote sampling
station. These integrated monitor samplers
typically provide for a much reduced flow of a
few hundred cm /min, as compared to the 1-2 cfm
flow that is typically provided for low- and
mid-range sampling. The intent is to thereby
limit the total amount of activity that would be
collected at concentrations which approach the
uy,.er design criterion of 100 uCi/cm for the
stipulated 30-minute sampling period.

IV. LESSONS LEARNED

with distance of Eberline's high-range detector
to each of these nuclides. When corrected
respectively for absorption and bremstrahlung,
the true energy response of this detector is
about midway between the two curves, so using
one point from either could lead to a factor of
two error.

Beyond this, these uninterpreted cali-
bration data were in some Instances also em-
ployed to calculate release rates (in uCi/sec),
without regard to the variable energy response
characteristic of the detector. This charac-
teristic may be close to linear with energy, as
shown in Figure 9, for the Kaman KDGM-HR, or may
be quite non-linear as shown in Figure 10, for
the General Atomics WRGM. Beyond the inherent
response of the detector itself,, its energy
response may also be dependent on the geometry
in which it is installed and the type and
thickness of the intervening duct or pipe walls
which may absorb radiations before they reach
the detector.

All of the reviewed licensees have
installed monitors which in principle net the
upper range criterion of 10 uCi/cm . However,
only two had calibrated the installed high-range
monitors on-site with radiogases in concentra-
tions approaching 105 uCi/cm . The vendor
calibration information supplied by Kaman, as
shown in Figure 11, suggested that a test with
actual radiogases approaching tbese concentra-
tions had been performed with Xe. However,
on the basis of field testing which employed

Kr it was found by another investigator that
this monitor could not meet the specified upper
range. It is our understanding that since
these tests, the Kaman high-range detector has
been modified so that it can do so. A similar
fall-off which appeared to be due to a large
dead-time at high concentrations was reported by
a consultant to a Region I licensee in a field

calibration of the high-range detector (SA-9) of
the Eberline SPING.li

A. HIGH-RANGE NOBLE GAS MONITORS

Oversimplifications in the conversion of
the direct indications of the installed gas
monitor, typically in cpm or mR/hr, to effluent
concentrations and/or rates of release were
among the principal shortcomings encountered in
the reviews.

The guidance in NUREG-0737, II.F.1-1 states
"Design range values may be expressed in Xe
equivalent values for monitors employing gamma
radiation detectors" (as most do). This concept

has not been generally understood or employed by
vendors or by the reviewed licensees. In some
instances, they have employed uninterpreted
actuai calibration data for Xe or 83Kr to
establish detector response, without a recog-
nition of their limitations. The former emits
low energy photons, with a mean energy of 0.045
MeV per disintegration. Thus, they may be
significantly absorbed in the housing or walls
of a detector. In contrast, Kr is principally
a beta emitter, with accompanying bremstrahlung
gamma radiations and a 0.51 MeV photon with a
yield of only 0.4%. This Is apparent from
Figure 8, which illustrates the direct response

CONCENTRATIOHS FOK VEMDOr CALI1KATTOW6
Of I I P.1-1 HIGH KAHCE HOMIQJS

Eber l ine

Mid-Hinge SPING
NGD-1 (SA-13)

Hlgh-IUnge SFING
AXM-USA-l*)

SA-15, SA-9

General Atonici

Mid/High Range-WRCM

Hlgh-Ringe-UKH

0.13

0.26

1.75

0.65

5x10*

0.47

1.47

9.98

U.I*

1.5xlO5*

Baaed on calibration data euppllcd by vendor, as
inferred for NBS Reference Dec**
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Figure 6. Ranges of General Atomics wide-range gas monitor.
Figure 9. KDGM-HR enhanced detector in KSG-HRH saapler,

enhanced high-range position energy dependenLe
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Figure 7. KHK-HRH-Enhanced Mgh-r.ngc geometry. Flgur* 10. General Atomlca wide-range ga^ monitor RIK72
high-range detector energy reiponae curve.

Figure 8. Reeponae of Eberllne SA-9 Mgtj-
range detector to 85Kr and l33Xe.

Figure 11. HDGH-HR Enhanced detector In KS(7-HRH enhanced
high-range position efficiency to Xenon-l-'S.



156

VII

lndcpundunt Ut i l i ty

Ho.

5

Vendor

1

1

Intern

4

3

2

3

1

Range

-

Devlgn

-

-

i ted UnltB

Hld/Hlgh

Mld/Hlgh

Hld/Hlgh

Al l

Mld/HICh

De«lRn

Vendor

-

NKC In

Raman

CA

Eberlt

Kjioan

SA1

liber 11

SAHH.INC ABM ANALYSIS at HLANT KffLUKHTS. H . f . 1 - 2

Sample

Yea1

HAP-5

HRH

WKCM

KGM-IIRH

RACKMS

A X H - l

i

1

3

I

3

1

1

YeB

No

Yea

Yes

Local/remote control

Fixed

Hawk*

(la, each Instance)

TlMd •••pie

'fined BSIiple

Automatic

Fixed (CM Monitor)

tlaied Ba>|

Nore I

Note: One licensee has Installed this system, but doe» not utlllce Its Ce-1.1 detection feature.

Sorae licensees have recognized the variable
energy response of high-range monitors by the
provision of corrections in their software for
making off-site dose assessments. However, this
does not provide guidance tor % reactor operator
or supervisor who may have to make manual
calculations of effluent release rates before
skilled post-accident dose assessors are likely
to be available.

As indicated in Table VI, three licensees
selected the Eberline SP1NG-4 as a high-range
monitor for effluent noble gasses. During the
reviews, it was ascertained that the micro-
processor of this monitor is not radiation
hardened, thus making it doubtful that it would
operate reliably in high-radiation fields.
However, in one case the monitor was supple-
mented by the Eberline SA-10 and SA-9 mid- or
high-range detectors, for which the sensitive
components are remotely located. When the
SPING-4 component of this unit senses high
radiation fields, it is isolated from the sample
stream, thus increasing its reliability of
function throughout an accident sequence.

in several instances, licensees with
installed micro-processor controlled high-range
gas monitors were found to have a limited number
of plant personnel with sufficient training to
be able to retrieve data beyond that routinely
displayed. The review also revealed that
several of these monitors had experienced
frequent and/or extended down time of their
automatic features, due to the failure of their
flow sensors which appear to be sensitive to
entrained dust particles and which therefore
call for frequent preventative maintenance.

Except for those with installed integrated
units which function automatically, provision
and/or procedures had not been incorporated by
many licensees for the isolation and/or purging
of their low-level gas monitors, should their
range be exceeded. Thus their recovery and
availability would be doubtful following an
accident as effluent concentrations declined to
within the low-range region.

C. SAMPLING AND ANALYSIS OF PLANT EFFLUENTS
The principal deficiency encountered in the

review of arrangements for the sampling of
radioiodines and particulates was the inability
of licensees to document that their sampling
systems could collect representative samples.
This is particularly so for those with long
sampling lines, in which considerable deposition
losses of elemental radioiodines could occur
even when installed in accordance with the
design guidance of ANSI N13.1-1969.

The transmission of elemental iodines
through long sampling lines has been measured
under controlled conditions in the laboratory by
Unrein et al. Their studies suggest that it
depends upon the relative rates of deposition
and resuspension from th^ir walls. Transmission
factors greater than 50% were found for 1"
sampling lines at flow rates of 2-3 cfm, for
injection periods of several hours. However,
these studies did not indicate how long it took
to reach equilibrium between deposition and
resuspension after an initial injection. Only a
small fraction (<1%) of the injected elemental
iodine was transmitted through the 1/4" sampling
line with a 0.06 cfm flow rate as utilized in
the General Atomics WRGM, which is shown
schematically in Figure 12,.

The NRC's proposed guidance suggests that
the closest approximation to representativeness
may be achieved at equilibrium, when deposition
and reentrainment or re-suspension are equal.
This could be expected to occur most rapidly in
a continuously operated system, rather than one
in which flow is initiated only upon the occur-
rence of higher-range concentrations. The Kaman
and the Eberline AXM-1 monitors approximate this
In that, upon an Indication of abnormal gas
concentrations, they isokinetically obtain a
small local side-stream flow (of a few hundred
cm /min) from the low-range monitoring/sampling
line, in which a much greater flow (1-2 cfm) is
maintained.



157

From the reviews, it was apparent that most
architect/engineers and ltcensees have been
aware of the need for the heat tracing of
sampling lines wh^n they are exposed to "out-
door" conditions • However, it was also apparent
that many of them have not recognized a similar
need for the heat tracing of long Indoor
horizontal sampling lines in which condensation
could occur, especially under the high moisture
loads of some accident sequences. In a few
reviews condensation was found in the sampling
medium of sampling positions.

Although II.F.1-2 calls for continuous
sampling, the procedures of five licensees
called only for the analysis of a grab sample to
be col/c-'ted post~accid"nt over a short period
of time (to limit the amount collected \.o the
capability of their laboratory Ge-Li analysis
systems), with no Indication in their procedures
of how they would evaluate the preceding sample
to establish the total amount released from the
onset of accident conditions.

In several instances, which included the
three SPING-4s, the three SA1 KAGEMS and one
licensee devised installation, the filter
assembly for the collection of partlculates and
iodines was either unshielded or inadequately
shielded. None had conducted an analysis to
assure that with such an arrangement, the
samples could be collected, retained and trans-
ported within the GDC-19 dose limits (5 rem
whole body and 75 rera to the extremities). It
should be noted that by two successive 1/200
dilutions, the RAGEMS should collect only rela-
tively low activity samples under all accident
conditions.

All of the licensees had Ag-Zeolite
collection media available for sampling under
accident conditions. Almost all of the Instal-
lations provided for lsokinetic sampling at
normal stack flow rates, but only a few could
maintain it if large deviations from these flows
were to occur under accident conditions. Of
those that could not, none had developed cor-
rection factors, as called for in Item II.F.1-2.

Only a few licensees had developed adequate
procedures for the analysis of "hot" samples, in
which the collected activity might considerably
exceed the upper limit which could be analyzed
by their GeLi counting and analysiB systems.
Although several had established procedures for
counting samples with greater than normal ac-
tivity In a geometry distant from the detector,
only a few would be able to cope with samples
approaching the 85-170 Ci of radioiodines which
would J>e collected at a concentration of 100
uCl/cm at normal flow rates of 1-2 cfm for the
stipulated 30-minute sampling period.

VI. COMMENTS ANU RECOMMENDATIONS

Except for the GE designed PASS, which was
basically the same except for variations in
sample line arrangements and the associated
valves jt individual facilities, a wide variety
in PASS systems were encountered in the reviews
which have been conducted over the past two
years. Many required frequent and considerable
attention to keep them fully operational and all

required frequent retraining to maintain oper-
ator proficiency with their controls and their
detailed operating procedures.

The example of the one In-line system that
Is also used for routine sampling suggests that
the readiness and availability of the other
systems could be enhanced if they were too were
also periodically used for routine sampling, in
between the Infrequent occasions they are util-
ized for exercises or mandatory retraining.

A wide variety of approaches to the
monitoring of noble gases and the sampling of
particulars and radioiodines in high
concentrations have also been encountered in the
reviews.

If the monitoring requirements were solely
those for the noble gases, ion chambers would
seem the most straightforward detectors, in view
of their simplicity, wide range capability, and
linear energy response characteristics.
However, they are relatively insensitive and
therefore require a large volume of contained
gas which is difficult to shield from extraneous
radiations. An example of one such installation
is shown in Figure 13. The 0.1" -thick steel
wall in which the detector was housed would have:
a large absorption for low energy photons, such
as those from Xe, compared to a much smaller
absorption of the higher energy photons from
shorter-lived noble gases.

The integrated monitoring/sampling devices
which incorporate microprocessor data handling
and control accomplish the full range require-
ments of Item Il.F-1.1 by routing the flow to
more then one detector, each of which is de-
signed to be sensitive to portions of the full
range requirement. This permits the isolation of
the low-range detector during periods of high
concentrations. It also facilitates the routing
of flow to a selected shielded filter assembly
at the same time. Their ability to store and to
provide a history or release rates over time
makes them attractive for both routine and
accident monitoring. Additionally, the use of 3
monitor for every-day purposes adds to their
reliability for accident monitoring. If not so
utilized, they require regular surveillance and
maintenance to assure their availability.

Much of the confusion over the use of the
Xe equivalent concept In the calibration of

high-range noble gas monitors could bc> elminated
by the adoption of the "Ci-Mev" concept as
described by Mourad. A simplified version of
the same concept, which utilizes the average
noble gas energy as a function of time post-shut
down as shown in Figure 14 in dose calculations,
was described by Lahti at the 1985 Annual
Meeting of the Health Physics Society.

To minimize the ambient post-accident radi-
ation fields, most of the post-accident monitors
and/or samplers are located at considerable
distances from the points of effluent release,
thus necessitating long sampling lines {typi-
cally 1" x 100-250'). fhis creates a dilemma
between the desirability of maintaining a high
flow rate In the sample line so as to minimize
deposition losses and the desirability of mini-
mizing the amount of collected radioactivity on
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Che sanpler. It is solved in some monitors, by
the provision of a second stage of isokinetic
sanpllng with a probe situated within the high-
flow line close to the sampling head, but with a
much small flow (a few hundred cm /min) through
the high-concentration sampler. This seems
desirable on the grounds of both convenience in
handling and analysis and of ALARA
considerations.
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A State-of-the-Art Approach to Emergency Preparedness—
Remote Monitoring of Nuclear Power Plants

James A. Blackburn and Michael C. Parker

ABSTRACT Immediately following the nuclear
accident at Three Mile Island, the State of
Illinois began to design a state-of-the-art
emergency preparedness system for the thirteen
nuclear power reactors within its borders.
This system incorporates an on-line reactor
parameter data communication link, an on-line
automated isotopic gaseous effluent monitoring
system, and gross gamma monitors installed
around each site. Liquid effluent monitors
will soon be installed also.

The sensitivities and capabilities of this
remote monitoring system have been clearly
demonstrated both during abnormal events at
the reactor sites and during emergency
preparedness exercises. These experiences
readily illustrate the system's ability
rapidly to provide comprehensive, technical
data to the Department's staff should an acci-
dent occur at an Illinois reactor site.

I. INTRODUCTION

Immediately following the nuclear acci-
dent at Three Mile Island in 1979 f the State
of Illinois began to design a state-of-the-art
emergency preparedness system for the 13
nuclear power reactors being operated or
constructed within its borders. In 1980, the
Illinois Department of Nuclear Safety (IDNS)
was formed, initially by Executive Order of
Governor James R. Thompson, then by confirming
legislation. An immediate challenge was to
provide a mechanism whereby governmental
agencies would receive more timely and
accurate information regarding both the radio-
active composition and the magnitude of any
accidental release of radioactivity to the
environment.

The initial goals of the Remote Monitor-
ing System (RMS), in the event of accidents,
were: to analyze as accurately as possible
the discrete radioactive components being
released from the reactor site; to assess the
magnitude of their radiological impact on the

populace; and to transmit the results of the
analyses to the Departmental decisionmakers as
rapidly as possible. It wa3 quickly realized
that predicting radiation doses to members of
the public was almost impossible without addi-
tional knowledge of reactor conditions. Since
1984, the RMS has been significantly enhanced
and expanded by incorporating on-line informa-
tion regarding the status of essential safety
systems at the plant. Crucial factors in
theRMS design were to provide reliability in
the acquisition and transmission of data and
to minimize the amount of time required of
utility staff for collection and transmission
to IDNS.

The current objectives of the RMS are
threefold: early warning of nuclear reactor
events having a potential off-site impact;
fast risk analysis of reactor systems; and
rapid identification, quantification, and
verification of a radioactive release to the
environment. Each of these objectives plays
an essential role in assuring the ability to
recommend prompt off-site protective actions.

II. SYSTEM DESIGN

The Illinois Department of Nuclear
Safety's Remote Monitoring System incorporates
three major components: gross gamma detectors
radially positioned around each nuclear power
station; on-line automated, isotopic gaseous
effluent monitors; which sample from major
engineered release points; and an on-line
reactor parameter data communication link to
each facility's on-site computer. In
addition, on-line liquid effluent monitors,
which will be located at each plant's liquid
discharge points, are scheduled for
installation at two sites within the next
year. All RMS components are connected,
through dedicated data communication links, to
the IDNS Radiological Emergency Assessment
Center (REAC) located in Springfield,
Illinois. There, a technical staff comprised
of nuclear engineers, health physicists, and
other nuclear safety specialists reviews the
data and performs analyses of plant
conditions. Thi3 REAC staff is divided into
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two analytical groups: one concerned with the
status of reactor safety systems; the other
with environmental assessment.

Confirmation of a gaseous release to the
environment is accomplished by a network of up
to sixteen pressurized ion chambers installed
radially around each plant at a distance of
approximately two miles. These monitors have
a dynamic range of 2.6 x 10"'° to 2.6 x 10"^ X
units per hour (10 to 10 Roentgen3 per
hour). The 3iting of these instruments
involved a balancing of many factors, includ-
ing maximizing the probability for plume
detection, while minimizing plume transit time
to the detector and the potential for error,
either due to observing building shine from
the containment or sky shine from an elevated
pluae. Using typical Illinois atmospheric
conditions, the off-site system will detect a
plume with a centerline reading of two
milliRoentgens per hour approximately 90
percent of the time. This criterion for
detection requires one monitor to report
values double the levels associated with
natural background. Non-detection is limited
to extremely stable conditions with wind
directions bisecting the distance between
adjacent detectors. Since these atmospheric
conditions can be easily described, the
Department is planning to develop software to
recognize 3uch conditions rapidly and display
an appropriate warning for the analytical
staff.

Quantification of a release is accom-
plished through radiological analyses of data
supplied by the IDNS gaseous effluent
monitor. This monitoring system ia compli-
cated, incorporating high purity germanium
detectors and gamma spectroscope to identify
an<\ quantify components of the isotopic source
term, i.e., those radioactive contaminants
released into the environment, whether partic-
ulates, volatile iodines, or noble gases.
This Instrumentation has a dynamic range of
3.7 x 10~9 to 3.7 x 102 Bq/cc (10~13 to 10"^
uCi/cc)

ong,

radiological data gathered by this gaseous
effluent monitoring system is continually
received and updated by a combination of PDP
11/31 and 11/70 computers. Software has been
developed to compute atmospheric dispersion
and postulate environmental exposures from a
release, based upon current meteorological
conditions and effluent radioactivity levels.

Early warning and risk analysis of reac-
tor events are accomplished utilizing the IDNS
Data Link (DDL). DDL receives approximately
1200 to 1500 key reactor and engineered 3afety
system parameters every two to four minutes
directly from each reactor's on-site com-
puter. Early warning of abnormal reactor
conditions will soon be provided through soft-
ware which will monitor each plant's engi-
neered safety system configuration, identify
the presence of key abnormal events, and
indicate proper operabillty of engineered
safety systems. Additionally, DNS is re-

for the particuljate and iodine sta-
tions, and of 3.7 x 10~5 x 3.7 x 10° Bq/cc
(10"" to 10^ uCi/cc) for noble gases. The

searching the use of expect system technology
to develop a decision-aide to diagnose reactor
system 3tatus during abnormal events and to
apprise the REAC team of possible sequences
leading to a release of radioactivity.

The analysis of the liquid effluent
streams may use only gross gamma monitoring
rather than complete isotopic analysis. Such
a reduction in complexity and cost is being
considered due to the longer lead time before
the onset of exposure to the general public by
the water pathway and the relative ease with
which such exposure can be reduced or averted.

III. CURRENT STATUS

At the present time, the gamma monitors
are installed and operating around all
reactor sites, providing baseline data for
those facilities still under construction. A
gaseous effluent monitoring system has been
operational at LaSalle since 1982. Additional
systems are currently under construction for
installation later this year at Zion and
Dresden. The contract has been signed for
fabrication and installation of systems at
Quad Cities, Byron, Braidwood, and Clinton
during the next four years. The DNS data link
is installed and operational for all reactors
except Braidwood. Braidwood will be
incorporated into the DDL network prior to
initial loading of fuel. As previously men-
tioned, the liquid effluent monitoring systems
are currently undergoing initial review a3 a
pilot project for the Zion and Dresden facili-
ties. Upon satisfactory completion of that
evaluation, additional systems will be
procured and installed at all Illinois reactor
facilities.

IV. DDL SOFTWARE DEVELOPMENT

Although the DDL analysis .software is
only in the first of three developmental
stages, it has already become a aajor facet of
the Departmental approach to Emergency Prepar-
edness and Response. The initial phase in DDL
software development is to establish a data
base with access to both historical and
current data. At the present time, a four-day
data base is available for instant access.
The basic capability is to display data for up
to seven signals chosen at random from among
the 1200-1500 points available from each
reactor. These data may be either sequential
two-minute measurements or samples chosen at
specified iiilei «ai=>. The user is also allowed
to track real-time trends of the chosen
signals. Under this mode, the oldest data,
approximately forty minutes old, automatically
scrolls off the terminal screen as the current
information is received. An alternate format
allows real-tine display of the current status
of up to twenty different signals, although
the trending capability Is sacrificed. This
latter format is truly user selectable, having
the flexibility to group points associated
with a givan subject, a given reactor, or
selected at random from the system at large.
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The second phase of software development
for the DDL system will be to design an "early
warning" alarm into the system. This feature
will consist of software programs which will
constantly monitor various data packages for
indications of abnormal conditions, such an
loss cf off-site power. Although not neces-
sarily an indication of accident conditions,
such degradation is important to assess the
ability of the facility to respond adequately
in the event of an accident. The Departmental
response to such an alarm will be to alert the
reactor analysis staff to ensure its awareness
of the situation.

The third and final phase of DDL software
development is presently envisioned as an
expert system to aid the reactor analyst in
his ability to determine the current status of
reactor safety systems, project in a fa3ter-
than-real-time environment the possible conse-
quences of the abnormal events and advise on
protective measures off-site. It is not the
intent or the desire of the Department to
direct utility remedial actions based on this
data. DNS will use this information only to
the extent that likely consequences of an
event can be analyzed in support of off-site
protective actions.

V. TECHKICAL DIFFICULTIES

The development and operation of such an
extensive remote monitoring system has had its
share of technical difficulties and chal-
lenges. The off-site monitors, for example,
require the use of a 300 volt battery which is
both relatively expensive and short-lived. In
addition, impending failure is characterized
by erroneous indications of increasing radia-
tion levels, sometimes as high as ten to fif-
teen times normal levels. Additional problems
encountered with the off-site detectors
include loss of electrical power, failure of
the telecommunications link to Springfield,
vandalism, and susceptibility of the elec-
tronic eompononts to power surges caused by
lightning.

Despite these difficulties, over the past
year (July 1985 through June 1986), the off-
site component of the system, comprised of 96
detectors with their modems, approximately
2130 kilometers (1325 miles) of telecommunica-
tion lines, two computer systems with atten-
dant hardware peripherals and required soft-
ware, achieved a system-wide operability fac-
tor (availability of data for display in
Springfield) of 93.1 percent.

To increase the reliability of the off-
site monitors even further, the Department is
developing a 300 volt power supply to replace
the dry cell battery, researching the ability
to use solar collectors for back-up power, and
evaluating radio communications to a central
collection point rather than leased lines to a
telecommunications bridge. In addition, the
Department has already installed electrical
surge protectors on the power supplies to
reduce susceptibility to lightning.

The complexity of the isotopic gaseous

effluent monitoring system creates complicated
problems. A major cause of system failure is
failure of off-the-shelf components and a lack
of environmental support systems, rather than
problems with the custom-designed components.
For example, the system has failed several
times following failure of the air condi-
tioning system for the Technical Support
Center (TSC), the location for the system's
on-site process computer. Although a TSC is
required by KflC regulations, apparently the
operability of its support systems is not.
Sometimes, substantial effort is required to
obtain repair of this essential support system
by the utility.

A recent failure of the effluent monitor-
ing system was the result of loss of electric-
ity to the TSC. Although supplied with back-
up generating capability, the circuit breaker
feeding the system had been manually thrown
due to a "noisy transformer" which was
annoying a worker in the area.

To eliminate these types of operational
problems, the Department is requiring the
construction of a dedicated building on-
site. This building will house the entire
gaseous effluent monitoring system, including
its process computer and dedicated support
equipment such as back-up power supplies,
heating and air conditioning, and instrument
air.

Not all of the problems with the effluent
monitoring system are the result of variable
in-plant environmental conditions. A substan-
tial amount of difficulty was finally traced
to microphonics in the coaxial cables connect-
ing the gross count rate meter to the multi-
channel analyzer. Since this gross indicator
is designed to signal the system to rapidly
increasing radiation levels within the sample,
the presence of these spurious signals caused
the system to decrease the analysis tines and
consequently the system's sensitivity.
Although the system never specifically failed
due to this problem, the ability to detect
radioactive contaminants being released into
the environment was substantially impaired.

In spite of these difficulties, the gase-
ous effluent monitoring system has perfomed
well, particularly for a prototypical
system. Over the past year (July 1985 through
June 1986) the system's three stations, par-
ticulates, iodines, and noble gases, were
operational 86.7, 83.3, and 89.8 percent,
respectively.

In contrast to the approach used for the
off-site and the gaseous effluent monitoring
systems, the DDL incorporates no State-owned
sensors or instrumentation, relying exclusive-
ly on utility installed and maintained instru-
mentation. The Departmental components to the
system are limited to a pair of statistical
multiplexors, dedicated telecommunication
links, and the REAC computer system. To mini-
mize the cost and time required for system
installation, this component is currently
limited to a subset of the signals presently
residing on the utility's computers at the
various reactor sites. Such an approach mini-
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mizes the direct responsibility for proper
operation and reliability, although at a
sacrifice of control and assurance that the
system will be functional when needed. The
utility13 computers, for example, may be
removed from service for preventive
maintenance with little, if any, advance
notice to the Department or Departmental
input. In addition, utility personnel have,
on occasion, unilaterally altered the contents
of the transmitted data stream, adversely
impacting the Department's data analysis
capability.

VI. OPERATIONAL RESULTS

The primary intent of the RMS is to pro-
vide the capability of independently assessing
the possible off-site impact of an accident at
a nuclear power reactor. Such a capability is
a major support in recommending specific
protective actions for the general public.
Since monitoring effluent streams during
normal operations is of secondary importance,
only a limited amount of data analysis has
been performed to date. Gaseous effluents
from the reactors have remained below the
minimum detectable levels of the off-site
monitoring system. Environmental radiation
levels nominally average between seven and ten
microRoentgens per hour due to natural back-
ground. During times of precipitation, how-
ever, the ambient levels are substantially
elevated, often reaching as high as fifteen to
twenty microRoentgens per hour.

The data generated by the gaseous efflu-
ent monitoring system has routinely indicated
the presence of radioactivity in each of the
three stations, when the reactor is a^
power. Typical fission products including
isotopes of Cobalt, Manganese, Sodium, Iodine,
Krypton and Xenon, for example, were identi-
fied by the system during May, 1986. Research
is being done to match the ongoing results
obtained from the gaseous effluent monitoring
system and the daily grab samples gathered by
the utility, as a portion of its Appendix I
requirements. Although not yet available for
publication, these comparisons appear to cor-
respond remarkably well, considering the vari-
ation in methodology used for obtaining and
analyzing samples.

Late in January, 1966, a small leak de-
veloped in one or more of a reactor's fuel
rods. The DNS Gaseous Effluent Monitoring
System readily identified both increased
levels of radioactivity and additional nu-
clides within the effluent stream. Th« noble
gas station, for example, reported effluent
concentrations averaging 2.7 x 10"1 Bq/co (7.4
x 10 uCi/cc) for the 64 analyses performed
between January 23 and February 1. This com-
pares .with an average of 3.4 x10"^ Bq/cc (9.4
x 10 uCi/cc) for the 96 analyses obtained
between January 1 and January 15. By combin-
ing these data with DDL parameters, such as
off-gas radiation levels and the readings from
the utility's effluent radiation monitors, the
Department was able to verify the presence of

this leaking fuel.
The DDL was directly utilized by the

Department during the feedwater transient
event at the LaSalle station on June 1,
1986. The system did not document the water
level as being less than the low water level
scram setpoint, due to the transient's short
duration when compared to the two-minute sam-
pling frequency. However, the sy3tem clearly
showed the initial downward trend of the water
level and other affected parameters, both
during the initial event and the subsequent
manual shutdown of the reactor. During this
event, the utility telephoned the BEAC at
hourly intervals, indicating the power levels
and the reactor status. By monitoring DDL,
technical staff within the REAC were able
independently to verify the status of individ-
ual control rod banks, reactor power levels,
reactor water levels, etc.

VII. EMERGENCY USE OF THE

Although the RMS monitors the activities
of the Illinois reactor facilities during
normal operations, its purpose is to provide
data during emergency conditions at a nuclear
power reactor. During a major accident, the
REAC staff would initially analyze the various
DDL parameters for trends and to diagnose the
problem. The reactor analysis staff would
concentrate on the status of the reactor's
engineered safety systems in an effort to
predict key trends and their consequences,
while the environmental analysis staff would
focus on containment radiation levels, area
radiation monitors, and effluent concentra-
tions. In anticipation of a possible radio-
active release into the environment, the envi-
ronmental analysis staff would also calculate
dose reduction factors due to atmospheric
dispersion, using the meteorological param-
eters available from the DDL. If the situa-
tion warrants, calculations would be performed
to determine the protective actions which
would give the least dose to the general
public living in the immediate environs
surrounding the facility.

If a release occurs, its presence would
be verified by both the DDL and the gaseous
effluent monitoring system, and the postulated
impact on the general public calculated.
Using the isotopic source term provided by the
gaseous effluent monitoring system, the envi-
ronmental analyst would also be able to pre-
dict the presence of released radionuclides
which would contribute to ground contamina-
tion. Verification of the wind direction and
the anticipated off-site radiation levels
would be available from both the environmental
monitors and the Department's field teams
dispatched to the area. Following the termin-
ation of the release, the isotopic source
term, in conjunction with contamination read-
ings obtained from the mobile field teams,
would be used to determine and document the
integrated dose to the off-site population.

Although the iiemote Monitoring System
does not solve all problems associated with
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assessment of reactor accidents and their In providing accurate and tlnely Infornation
Impact upon the general public, the Illinois to decision makers during a radiological
Department of Nuclear Safety believes that accident at a nuclear power reactor,
this approach is a technological advancement
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Computer-Assisted Emergency Preparedness and Response
James W. Morentz

ABSTRACT. No tool a v a i l a b l e to emergency
planners and response personnel offers more
actual and potential management capabil ity
improvement that the microcomputer. The low
cost , fast access speed, data format f l e x i b i l -
i t y , data manipulation v e r s a t i l i t y , and color
graphic display clarity make the microcomputer
— when applied appropriately — an extraordin-
ary resource .for the emergency manager to draw
upon. A computer program called the Emergency
Information System* i s in use around several
nuclear powerplants. The system helps describe
and clarify situations at a nuclear faci l i ty for
knowledgeable observers. It i s used for commun-
ication with surrounding jur i sd ic t ions , and i s
even linked into s tate emergency operations
centers where the broadest emergency decisions
are made. The EIS uses computer—generated maps
to display evacuation routes and merges the
graphic displays with several databases of value
to emergency planners: special populations,
resources, traffic control, alert l i s t s , plans,
and others. The microcomputer, operating alone
or in a network of up to 20 computers, provides
real-time decision support to emergency response
operations staff.

While a nuclear powerplant stays in one
location, an emergency sets in motion a swirl of
events that traverse geography, demography, and
polit ical jurisdictions. The spatial movement
of an emergency i s , we believe, the single most
complex aspect of i t s effective management.

No tool available to emergency planners and
response personnel o f f er s more actual and
potential management capability improvement than
the microcomputer. The low cost , fast access
speed, data format f lexibi l i ty , data manipula-
tion v e r s a t i l i t y and color graphic display
clarity make the microcomputer — when applied
appropriately — an extraordinary resource for
the emergency manager to draw upon.

This paper describes actual experience and
potential applications of a computer software
package for nuclear emergency planning. The
computer Program, called the Emergency Informa-

tion System*, has been developed by the author's
firm for use on-s i te at a nuclear f a c i l i t y , in
communication with surrounding jurisdictions,
and even linked into state emergency operations
centers where the broadest emergency decisions
are made.

I. NUCLEAR FACILITY EIS

At a nuclear faci l i ty , the Emergency Infor-
mation System becomes an important tool of the
emergency planner. The combination of database*
which can be related geographically give the on-
s i te planner superior capabilities in emergency
response analysis.

Let us take three examples, warning sirens,
special populations and public-technical infor-
mation on accidents, a l l of which are responsi-
b i l i t i e s shared by the local government and the
facility.

The special capability of the EIS is to
link geographical data with text data. In the
case of warning sirens, the following scenario
illustrates the power of this tool.

Siren sound propagation distances are
entered on the geo-relational database of the
EIS. When sirens are ordered to sound, the
typing of the word "siren" brings to the screen
a map of the evacuation zone and circles Cor
other shapes) showing tht s i ren sound
propagation. If a siren is found to fail (via a
call-back system or report from the field), the
user selects the failed siren froa a l i s t .
Pressing the [Mjap key returns the evacuation
zone to the screen and the failed siren's entire
propagation zone is blinking. The user then
moves the screen cursor into the blinking area
representing the failed siren sound and presses
a single key. Appearing almost instantly is the
plan for replacing the warning siren with mobile
sirens, loud speakers, or door-to-door contact.
Exact street names, responsible agencies.
contact persons and phone numbers, and the
number of people to be warned all appear. In
seconds, the emergency manager can confer with
the responsible authorities and set in motion
alternative warning methods.

Now. for another example, let us look at
special population needs. The EIS is equipped
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with a geo-relational special emergency needs
database. Contained on the database is infor-
mation on the name of the facil i ty, address,
phone, contact name, number of people at the
dependent care faci l i ty, notes on evacuation
plans, the agency responsible for carrying out
the evacuation, the lead time necessary for an
evacuation to take place, the shelter location
to which people w i l l be moved, and other
important information.

Of premier utility to the emergency manager
is the fact that all of this information is also
referenced by geographic location. Thus, with
the press of a few keys, the user has displayed
on the screen's map the location of each special
care faci l i ty. Pressing another key. a text
l ist ing is displayed showing the name of al l
fac i l i t i e s , the number of people at each, and
the total number of people to be evacuated from
the care facilities.

With the press of two keys, the user can
identify how many busses, for example, with
wheelchair l i f t s are necessary to evacuate a
specific nursing home. Then, with the press of
a single key, the user can return to the map and
have that specific nursing home appear, blinking
at its proper location on the map.

As a final example of on-site applications
of the Emergency Information System, we refer to
providing public-technical information about the
Three Mile Island boiling water reactor. The
versatile graphic capabilities of the EIS have
enabled us to "zoom" right inside the plant to
display a graphic depiction of the steam cycle
of the plant. An initial graphic encompasses the
entire steam cycle. Moving to any of the three
main parts of the cycle and pressing a single
key "zooms" the user to a detailed graphic of
that portion of the steam cycle, as shown below.

Then, using the geo-relational database
capability of the EIS, the user can request text
information about any of the component parts of
the reactor.

For example, in i t s development of the
Three Mile Island EIS, the Pennsylvania Emer-
gency Management Agency focused on public-
technical information; that is , generally avail-
able public information of a technical nature
that could be used to inform knowledgeable media
and aid decision-making. The focus of the text
developed about Three Mile Island was on the
impact of a reported failure of the component
parts of the reactor.

Thus, if a report comes in that a particu-
lar pump has fa i l ed , public information
personnel at the plant, or emergency personnel
responsible for contacting governments, have at
their fingertips a sophisticated graphic and
text display to use to provide appropriate
public—technical information. The speedy data
display process is as follows:

First, the user "zooms" in on Three Mile
Island and the steam cycle. Second, the user
types the word "pump." Instantly, circles
appear around all the pumps designated as vital
to the functioning of the facility. Third, the
user can move the cursor directly to the pump of
choice if i ts location is known, or switch to a
summary text screen and select the right pump
from a l i s t of pump names. If the l i s t approach
is selected, the user can go directly to
detailed text descriptions or return to the
steaa cycle graphic where the selected pump will
be blinking to note its location. Fourth, from
the graphic or the summary text display, a
series of full text displays are retrieved.
These describe the function of the specific pump
selected, the implications of i t s failure, and



171

the potential for expanded emergency conditions.
The full text description may be a single screen
or many screens, each of which are displayed
less than a second after the user presses a
single key.

The value of this graphic and text
capability for briefing the public news media or
government executives with explicit technical
information accompanied by excellent graphics
should not be underestimated. If one thing has
been made clear by past incidents, i t is that
effective communication is essential. The EIS
as an executive briefing tool is unexcelled.
Six different types of graphic pointers are
available on the system (cross-hair, checkmark,
arrow, hand with pointing finger, hand held in
stop position, and user-sized outline box). The
user can select the most appropriate pointing
graphic at the press of a key, changing i t
irstantly to match the presentation's need.
Thus clarity of presentation in graphic and text
becomes one of the improved products of the use
of the Emergency Information System.

I I . OFF-SITE AUTOMATED PREPAREDNESS AND RE-
SPONSE

The Emergency Information System is
currently used in large and small municipalities
and counties in this country and abroad. It has
been purchased by nuclear faci l i t ies and other
corporations for the use of local governments.
As a result, the EIS can serve as an important
information link between powerplante and the
off-site emergency responders in local and
county government. The EIS has been used in
radiological emergency planning dr i l ls and
exercises. It is upon that exercise experience
that this and the following section are based.

Off-site emergency preparedness is aided
tremendously by the Emergency Information System
in planning, evacuation route monitoring, and
resource management.

The EIS Automated Emergency Plan allows
speedy retrieval of standard operating procedure
checklists for a l l types of emergencies. For
radiological emergencies, the Automated Plan
allows the user to quickly arrive at specific
l i s t s of assignments for all personnel. These
can be used in advance of an emergency for
printing out plans for everyone to review and
for training new personnel. During an emer-
gency, top management can use the plans as a
checklist of performance to monitor whether
specific benchmarks have been achieved. Follow-
ing an emergency, plan evaluation and improve-
ment are aided by the computer. Debriefing
meetings can be held about plan u t i l i ty , in
which a user calls up each part of the plan in
sequence. As recommendations are made, they can
be typed directly onto the computer for all in
attendance to verify. Almost instantly, then, a
new or revised plan section is ready for
training, exercising, and use.

Evacuation route monitoring is readily
accomplished with the EIS. At the local level,
three elements of evacuation are crucial: route
planning, alternate route identification, and
traffic control point staffing.

Using the EIS, a local governnent can
design an evacuation route system that takes
into account a l l prior facility planning. The
government can then enter routes as part of the
EIS (as shown on county-level map on the follow-
ing page), providing street names, number of
people to be evacuated, and other important
information. The evacuation routes can be coded
by sector and can each identify a lead time or
clearance time and make note of the destination
of evacuees. When the user requests evacuation
routes to be displayed, they are drawn on the
screen as red lines, and a text l ist ing of all
routes can be generated.

Alternate routes can also be entered onto
the system so that if a main route is blocked
the user can quickly display alternate routes
(as dotted or dashed lines of red, blue, or
yellow) and obtain a l ist of those route names.
If a main route is closed, i t and i t s alternate
routes can be set to blink on the map as an
alert to al l personnel to the deviation from
plans.

Resource management is another off-site
application of the EIS to radiological emergency
planning and response. The EIS can be used to
locate dosimeters, monitor their deployment
around the Emergency Planning Zone (EPZ), and
record their recall after an exercise or emer-
gency. In the evacuation stage, the EIS will
identify each Traffic Control Point, i ts staff-
ing numbers, responsible agency, and lead time
for staffing. (See EPZ-level evacuation map on
next page.)

With these brief examples i t should be
clear that the advantages of microcomputer de-
cision support tools for radiological emergency
planning and response are great. The advantages
are even greater when the computer is viewed as
part of a communications network linking
powerplants, local governments, and the state
emergency office. In the next section we will
discuss the aspects of the EIS that bring the
state into the network.

I I I . STATE EMERGENCY OFFICE COMPUTER APPLICA-
TIONS

The s ta te emergency operations center (EOC)
has a key mandated ro le in rad io logica l emer-
gencies. The EIS supports t h a t ro le not only
through better information f i l t e r e d up through
loca l governments by means of the automated
Event Log, but also by giving the s t a t e EOC a
firm grasp on the SPATIAL DIMENSIONS of the
emergency.

Far removed as i t normally i s , the s t a t e
EOC nevertheless i s usually responsible for
tremendously important decis ions regarding a
radio logica l incident . In order to make the
proper decisions, the s ta te EOC must be able to
provide an accurate p ic ture to the Governor of
the options and consequences of decisions.

There i s no better tool for achieving this
end than computer graphics. And, we suggest,
the geo-relational data management system that
i s the backbone of the Emergency Information
System brings to emergency decision-making al l
the best a t t r ibutes of this new tool.
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County-Level Map of Evacuation Routes

EPZ-Level Evacuation Map
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At the state EOC, the EIS can portray an
accurate picture of the geographic aspects of
the emergency through a series of "zoom" maps
that fully depict the EPZ from 50 or more miles
out right down to the crucial intersections.
Each map is separately digitized, showing al l
the information that an EMERGENCY MANAGEMENT
DECISION-MAKER needs. Thess are, above a l l
else, decision-makers' maps, not geographers'
aaps.

Most importantly, the EIS does not .stop
with maps. It builds into the decision-support
system the geographic representation of data.
Thus, when considering an evacuation, the state-
level decision-makers can "play" with "What if?"
options and graphically see their outcome.

"What if we decide to evacuate in one
hour?", the user might ask. The EIS would show
all reception centers that can be opened in one
hour. Or in two hours, if desired.

What if a plume spread northwest and we had
to move all people immediately out of i t s path
to the east and southwest? What evacuation
routes are available in this area (and the user
draws a rectangle on the screen)? Shown
immediately on the screen are the evacuation
routes. A text l is t ing of the routes is also
available at the press of a single key.

Now, what about Access Control Points? If
we evacuate that zone, where will our ACPs be
placed? Again, ACPs appear as dots on the map.
Those selected for staffing in this specific
evacuation can be set to blink by the user.

Now, the Governor might ask, what if we
don't do a northwest sector evacuation but do an
en t i r e 10-mile zone evacuation? Show me
everything I've just seen for the whole EPZ.
And in a few seconds the interrogation of all
the constituent geo-relational databases of the
Emergency Information System is complete and the
Governor has the options.

IV. SUMMARY

Microcomputers have opened t o l o c a l and
state emergency managers capab i l i t i e s for
decision analysis that were possessed only by
the military in the past. As our technological
society has become more complex, at least one
technological advance is now available to help
government and industry leaders sort out the
complexity and make the best possible decisions
when i t comes to public safety.
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FEMA'S Integrated Emergency Management
Information System (IEMIS)

Robert T. Jaske and Wayne Meitzler

ABSTRACT - FEMA is implementing a computer-
ized system for use in optimizing planning,
and for supporting exercises oE these plans.
Called the Integrated Emergency Management
Information System (IEMIS), it consists of a
base geographic information system upon which
analytical models are superimposed in order
to load data and report results analytically.
At present, it supports FEMA's work in
off-site preparedness around nuclear power
stations, but is being developed to deal with
a full range of natural and technological
accident hazards for which emergency evacu-
ation or population movement is required.

I. INTRODUCTION

At the present time, IEMIS is opera-
tional at FEMA Headquarters, the 10 FEKA
Regions, the National Emergency Training
Center, twelve States and a number of local
jurisdictions.

The IEMIS computer equipment is divided
into three major components: the operational
field workstations, the FSMA mini-computer
and data base, and networked user nodes.

Presently, a field workstation supports
each Regional Office. In the future, each
Region would became a node with its own mini-
computer acting as a local hub for State and
local use. The field workstation consists of
a medium resolution color graphic terminal to
make system requests and display results, a
letter quality printer to print alphanumeric
reports, a color hacdcopy device to provide
hardcopy of the infonnation on the color
display, and communications equipment inter-
connecting the field terminal and the FEMA
inini-ccroputer.

For the users located near the FEMA
mini-computer, high resolution workstations
are available to display results, and film
recorders to make hardcopy of the displayed

information. The high resolution terminals
are also supplemented by large screen projec-
tion, 2x3 meters.

Both the field workstations and the high
resolution workstations connect to the IEMIS
computer which performs the modeling calcula-
tion and data storage. The system is built
around commercially available hardware. The
computer is a Digital Equipment Corporation
VAX 11/750 with four megabytes of the
internal memory and two gigabytes of disk
storage, magnetic tape units, and a line
printer. At present, over 50 field work-
stations are operational in the ISMIS
environment. Included are IBM compatible
PCs which can be adapted to serve a3 IEMIS
terminals. Any VT 100 compatible terminal
may connect to IEMIS, but graphic functions
require special features.

As currently operating, TEMIS includes
the following elements:

a. Computer utilities, word processing,
(VMS/TCMS/Datatrieve/INGRES);

b. Emergency Information Coordinating
Center elements-message functions, notifica-
tion, weather abstracting, team briefing;

c. The National Map and resources data
base as a geographic information system;

d. Program data bases, such as
Radiological Emergency Planning Program;

e. Exercise Evaluation and Simulation
Facility; and

f. Colorgraphic chart and graph
preparation.

Other ccmpoi ,nts will be added as models
an program data bases are integrated into the
system. Under development at this time are:
hurricane evacuation planning and exercising,
transportation accident evaluation, manage-
ment of accidents involving toxic and
hazardous chemicals, dam failure, conflagra-
tions and earthquake.

FEMA is working with State and local
governments in the development of data bases
and in developing the application of IEMIS to
these program areas. In order to stimulate
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interest, FEMA makes developmental copies of
IEMIS in executable fonnat to state and
local governments, associatel universities
and contractors.

II. NATIONAL MAP AND GEOGRAPHIC INFORMATION
SYSTEM

Presently, IEMIS contains a digital
cartographic data base derived from the
1:2,000,000 scale, sectional maps of the
National Atlas of the United States. This
color graphic version is a unique adaptation
of the original work by the United States
Geological Survey, and is arranged Within
IEMIS for unlimited pan and zoom for the
entire United States. All displays may be
made at one of six standard map projections,
and the data structure will handle global
inputs including International Dat? Line
transactions.

As implemented in IEMIS, the mapping
system includes political boundaries, trans-
portation networks (roads and railroads),
hydrographic data features (streams and water
bodies) elevations, and names of geographic
and populated places. These data were
entered into the computer in a format that
records topologic relations with related
features on the source map. This format
allows graphic applications, such as drawing
streams and roads for autonatic map plotting,
as well as analytical applications, such as
population and area calculations, and
checking data for consistency and accuracy.
The format also permits display of maps ac
any scale and introduction of data from maps
of any scale.

An important feature of the attribute
coding is that individual features within
each category are ranked from the most
significant to the least significant. This
scheme allows the user to select a minimal
amount of data and selectively increase this
amount to the level of detail needed to
support the theme and scale of the desired
map. The data can also be grouped together
in various ways to produce logical sets of
information.

As implemented, the system permits the
cutting out of precise sections, performing
unlimite.1 editing? additions, color changing,
and reinsertion of edited sections. It is,
thus designed to be continuously maintained
without service interruption. Each user may
create unique maps filed in a personal file
for use in support of individual projects or
in specialized instruction, or alternatively
return edited map segments to the master data
file which may exist in several locations.
These functions can be performed off-line on
PCs for economy in developing local data
bases.

The user can obtain the location of any
point in latitude/longitude, linear distances
between any points, and the perineter of any
polygon. The user can also add or delete
text, color or shade any polygon, and find
tile population or resources data in any

streams for evacuation (nodeIs. The system
also includes the geographic place names
listed in the National Atlas. FEMA is also
planning to upgrade the National Map system
substantially over the next several years
into a generalized geographic infornation
system.

The USGS 1:100,000 scale maps presently
being prepared for the 1990 census (by 1988),
will be integrated into the system as the
quadrangles are digitized. Digital eleva-
tions and resources data in topologically
structured layers may now be entered
into the data base.

As part of the ongoing map applications,
FEMA maintains a Memorandum of Understanding
with the USGS whereby the parties agree to
the 1:2,000,000 scale map to 1:100,000 scale.
As (NMSS) segments are produced by USGS they
will blend into the FEMA system. The two
agencies will share a common, computerized
status management sub-program maintained on
T.FMTS and available to all users.

III. PRINCIPAL IEMIS COMPONENTS

While the long range goal of IEMIS is to
support the entire range of emergencies for
which planning, exercising and response is
thought feasible, as a practical matter,
developments progress in an incremental
fashion. At this time, the following program
areas are addressai, with a conment as to the
status of development.

Table 1

Radiological Emergency
Preparedness

Hurricane Evacuation
Planning

Hazardous Materials

Crisis Relocation
Planning

Dam Break

Status Ccmnent

Supports all
regulatory
objectives.

Model in advanced
state, preliminary
planning possible.

Diffused gas
modeling and eva-
cuation support.

Preliminary work
now possible.
More data needed
in system.

Base maps and
elevations encoded,
coding in progress.

As a means of describing basic ISMIS capa-
bility, a short discussion of the major
models involved in the programs above
follows. The model suite is available to
all the program areas either singly or in
multiple combination. For example, the
MESORAD model will interact with the I-DYNEV
evacuation model and allow studies of
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concentrations of highly diffused radio-
isotopes which could occur as a result of
power accidents. Since as an interim step,
it reports concentrations of duffused (not
subject to gravity effects) gases, it can
also estimate concentrations of highly toxic,
diffused chemicals over the simple terrain
(no deep valleys or shore breeze effects)
where two dimensional puff models are
applicable.

MESORAD canputes the dose arising f ran
the release of radioisotopes listed in the
joint NRC/FEMA Preparedness Guide NUREG-0654/
FEMA-REP-1 Rev. ltU. MESORAD consists
basically of the diffusion code MESOlt2] and
a simplified radiation dose code described by
ScheL-pelz et al, 1985 t3l. Outputs from the
diffusion code are considered geometrically
and dose calculated using a semi-infinite
cloud assumption over a grid of 1000 cells
whose size can be varied from a minimum of
0.4 mi 2 (1.04 km2) to a maximum of about
10 mi 2 (26.8 km 2). This rather coarse repre-
sentation provides a relatively macroscopic
estimate. This almost matches the approxi-
mate size of neighborhoods in evacuation
centroids of the evacuation model and allows
integration of the dose and transportation
models by applications of a shelter factor to
each population centroid. This model format
is computationally efficient and allows quick
estimation of dose by successive interaction
in support of plans reviews, exercises and
drills. In its existing form it is not
intended for response activities.

The techniques utilized in MESORAD con-
tribute to advancing the state-of-the-science
for real-time dose assessments with the
development of a new method to treat the
finite cloud approximation. The method,
entitled the Discrete-Point Approximation,
is used in the estimation of external doses
when the dimensions of the cloud are small
compared to the mean-free-paths of gamma
radiation. This method, used in place of a
point-kernel integration, provides a two
decade savings in computational ti-te at the
cost of typically a one percent (but up to
10 percent under sane conditions) difference
in estimate. This represents an acceptable
tolerance in light of the decades uncertainty
in source term and, to a lesser degree,
atmospheric dispersion.

A revised version of MESORAD is now
operational on the system. This revised
version may, after a suitable period of
training and indoctrination, become a first
order reference model for some response
activities.

IV. EVACUATION - I-DYNEV, INTERACTIVE
DYNAMIC EVACUATION

I-DYNEV is the principal model framework
which ties a number of sub-models into an
integrated subsystem. The main source of the
subsystem is the U.S. Federal Highway
Admininstration model named TRAFU) described

by Liebermanl^J before the January 1982
meeting of the Transportation Research Board.
TRAFLO was developed to operate at three
levels: Level I treating individual
vehicles, Level II treating a macroscopic
grouping of vehicles in clusters, and Level
III a gross representation in terms of
traffic parameters. I-DYNEV uses the level
IT process, treating groups of vehicles by
msuns of movement specific histograms.

TRAFLO is actually a system of models
composed of:

a) A macroscopic urban network model
called NETFLO;

b) A macroscopic freeway model called
FREFLO; and

c) A traffic assignment model.
The traffic assignment model used ori-

ginally in TRAFLO is the equilibrium model
TRAFFIC developed at the "Universite de
Montreal", which has been extensively
validated. It is planned, however, to also
interface other assignment models with
TRAFLO.

The physical traffic environment, which
must be specified as input data by the user
in order to exercise f.^ I-DYNEV system,
consists of the following features:

a) Topology of the roadway system;
b) Geometries of each roadway compo-

nent;
c) Channelization of traffic on each

roadway;
d) Motorist behavior which, in aggre-

gate, determines the operational performance
of vehicles in the system;

e) Circulation pattern^of traffic on
the roadway system;

f) Specification of the traffic control
devices and their operational characteris-
tics;

g) Traffic volunes entering and leaving
the roadway; and

h) Traffic composition.
To provide an efficient framework for

defining these specifications, the physical
environment is represented as a network
comprised of uni-directional links and nodes.
The links of the network generally represent
urban streets or freeway sections. The nodes
of the network generally represent urban
intersections or points where a geometric
property changes (e.g., a lane drop, change
in grade or a major mid-block traffic
generator) 15].

Over a period of several years, I-DYNEV
will be supplanted by a more generic form
which will be capable of simulating evacua-
tions ranging from point source (typically
hazardous materials sources) to regional
events (typically hurricanes).

V. REGIONAL EVACUATION (REGEVAC)

I-DYNEV is being expanded to deal with
regional problems which require a higher
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degree of origin/destination, control and
accountability. Mien complete, the regional
evacuation system will allow the user to
specify which destination nodes are asso-
ciated with each origin node. This is being
done to allow specific assignment of popula-
tion groups by neighborhood or district to
specific relocation centers. Wiile this
was done in the trip distribution phase oE
I-DYNEV, this distribution was tentative and
was to some extent overruled by the trip
assignment and ultiinate loading pattern for
the simulation. A more specific direction
and control strategy is thought necessary in
large cases where the impact aone of the
hazard is variable (e.g. hurricanes) and
requires neighborhood assignment to shelter
areas when the onset rate of the developing
incident exceeds the dispersal rate of evac-
uees to individual destinations. Data from
hurricane evacuations show significant
increases in persons using public shelters
when the hurricane suddenly changes course
and threatens areas previously thought
relatively secure.

REGEVAC will contain 3 levels of model-
ing (2 for I-DYNBV) of which two!15} are
currently available for preliminary work.
It allows a preliminary development of trip
distribution based on the available highway
network and control tactics h*iich provides a
first approximation. Then based on the known
population dynamics, a trip assignment can
be executed which readies the input factors
for the final or simulation model which
determines the actual traffic performance.
Because of the sizra o£ the problem, the
simulation model will operate on a segmented
network, but except for data entry and
modification purposes is transparent to the
user.

Features of REGEVAC not possible with
the existing I-DYNEV include the ability to
create networks directly in the iteritive
graphic mode, to modify existing links in
previously defined cases, and to signifi-
cantly relate the denial of links to a system
as progressive flooding from an advancing
flood wave. These features will signifi-
cantly reduce manual coding burden, decrease
errors previously created by incompletely
coded network changes and allow flood level
input from other models such a'* the National
Weather SLOSH models, the Corps of Engineers
HEC-1 and others. In addition, through
testing with pilot projects involving real
time flow measurements of both water and
traffic, FEMA plans to work with local
jurisdictions in the applications of REGEVAC
as a means of building public confidence.

REGEVAC is designed to operate in
conjunction with a computerized geographic
information system in which resources
elanents with locational significance can be
identified, incorporated into traffic flow
planning, and ultimately used to guide
recovery operations. Such attributes as
demography, highway information and shelters
and public facilities can be attached to

visible map vectors and incorporated directly
into modes which simulate planning options.

The mapping data of choice at this time
is a combination of 1:2,000,000 National
Atlas Data and the USGS/Census 1:100,000
scale data for streets, roads and streans now
being digitized for the 1990 Census. In
addition, FEMA is supplementing these data
with facilities' data from its extensive
files for ultimate use for a number of major
disaster problems involving transportation,
energy and fuel distribution, population
protection and national resources management.

VI. Hazardous Materials

Currently, FEMA is deploying advance
elements of IEMIS related to hazardous and
toxic materials accidents. The U.S. Coast
Guard Hazardous Assessment Conputer System
(HACS) is operational as a study sub-model
suite, and a heat radiation envelop model is
being deployed as a training aid. As a
multi-purpose element applicable to many
hazards, a siren alerting, sound propagation
model is being integrated into the color
graphic, menu driven format. Releases of
vapors and aerosols following assumptions
governing diffused gases can be modeled with
the concentration sub-model of MESORAD.
Several excellent heavy gas models are being
evaluated by the Department of Energy, and
one will be selected for inclusion in IEMIS.

As the data within the national IEMIS
GIS is developed, the universal capability
to support accidents froti fixed and mobile
sources will develop. This capability is
also applicable to the modeling of radio-
active exposure from accidents to mobile
facilities.

VII. NEAR TERM DEVErjDPMENTS

Because of the technical achievements
possible with the system, IEMIS is being
expanded to serve as the basis for a general
distributed data processing systan combining
the elements of a geographic information
system and a suite of action oriented simula-
tion models which can be selectively brought
to bear on disaster management problems.

VIII. FUTURE; DEVELOPMENT

While the future is by no means assured,
IEMIS provides the basis for a truly national
system using a fully distributed data base,
ccr̂ ton data exchange standards, and full
access by all components o£ civil government.

° In conjunction with a pilot project
in the Tulsa, Oklahoma area, FEMA will
develop software which will operate a
nationally accepted code for simulating dan
failure and incoporate it into the system.
Using a combination of data picks from the
simulation, produce an evacuation plan for
the manageTient of the threatened area. In
addition, FEMA will support development of
means to integrate flood insurance maps.
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° FEMA is also arranging to integrate a
sample of a metropolitan data base created by
a gas utility company with the operational
simulation capability described in this
paper. In this formal demonstration, the
software will be used to show how utility
lines and services can be integrated with
transportation models and hazardous impact
models in order to create a metropolitan
planning instrument. In addition, because
of its high quality, the data base will be
based to illustrate other uses for digital
data of this type such as vehicle management,
real estate development and cadastral appli-
cations. Subway planning and operation
could also be integrated.

Ey the completion of the 1990 Census in
the United States, a national geographic
information system will be operational to
support a multitude of administrative and
caronercial activities. Through data exchange
standardization, all parties with interests
in public resources should be able to par-
ticipate.

On the equipment side, we see the
development of computing equipment continuing
unabated through 1990 such that the ordinary
personal computer will be a very powerful
machine, probably a 32 bit address, virtual
core with at least 10xl0*> bytes of random
access memory. Such machines will be exten-
sively networked using common file protocols
and will exchange information at unprece-
dented rates over both land lines and radio
frequencies.

Thus, the emergency management community
will become a full partner to the burgeoning
use of electronic media and will be able to
avoid the necessity of building immense data
bases for statistically infrequent events by
using everyday geographical and cadastral
data bases in a special way.

FEMA fully intends to maintain the
leadership posture evident in IBHIS, and
within the achieveable time limits of tech-
nological adaptation, assist in creation of
what could become an international system.
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The MAPSS Nuclear Emergency Management System
Howard A. Price, Jr., Larry D. Sadler, and Robert W. Johnson, Jr.

ABSTRACT: With the MAPSS NEMS in place,
a distinctly higher level of confidence
is imparted to the emergency personnel
managing a nuclear plant accident. The
graphics are unique and are the same
throughout all levels of response.
Standard Operating Procedures are
available instantly to all personnel,
and system security provides
partitioning of critical levels of
command as well as documentation of all
actions taken through the emergency.
Maintenance is reduced to a very simple
level and the entire system operates at
meaningful life saving speed.

INTRODUCTION

The MAPSS Corporation is a small
high-tech company with experience in the
design and implementation of computer-
based systems. MAPSS personnel have
designed and implemented systems for
several governmental agencies, including
the Department of Defense and the
Department of Energy. They range from
small business systems, running on
personal computers, to nuclear
materials tracking systems involving
large scale mainframes. MAPSS personnel
have considerable experience in the
design, manufacture, and application of
specialized nuclear instrumentation.
MAPSS has developed a system, called
MAPSS=MAGIC which is flexible enough to
be the core of the MAPSS Nuclear
Emergency Management System (NEMS). The
MAPSS=MAGIC system is the culmination
of more than 7 years of design and
development. MAPSS personnel have
worked in conjunction with the nuclear
industry for over 20 years. Some of
MAPSS consultants have made significant
contributions to the nuclear industry.

DEFINITION OF THE PROBLEM

The MAPSS Corporation has learned
that, in spite of the intensive effort
which has been made since the Three Mile
Island (TMI) accident in Pennsylvania,
and the subsequent establishment of the
Federal Emergency Management Agency
(FEMA), no satisfactory command, con-
trol, and communication information
system has been established at the state
or federal level.

The experiences at Three Mile
Island (TMI) and more recently at
Chernobyl, USSR, dramatically illus-
trate the need for effective control
and communications at every operating
nuclear installation. TMI and
Chernobyl have demonstrated what can and
will happen if an adequate nuclear
emergency management system is not in
place. If TMI and the USSR had had a
responsive operating nuci?«»r emergency
management system, much of the panic and
confusion that resulted would have been
avoided. Vet today, more than seven
years after TMx, no computer based
state-of-the-art system is in use and no
two manual systems now in place are
alike.

Existing varning systems, not only
in the United States but throughout the
world, are tr the great majority a
piecemeal and awkward combination of
telecopiers, telephones and manual pro-
cedures. Even with the stand alone PC
based systems now on the market, consid-
erable time is still wasted in passing
complex details via the telephone with
the recipient copying data on paper by
hand. The telecopying of material
between operations centers often suffers
from network jamming because of
telecopier overload. In addition,
telecopiers are unreliable because of
frequent equipment failures at critical
times; telecopier performance has
dropped lower than 50% in some
exercises. In short, the existing
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communication systems have been stressed
beyond their capabilities in exercises
and most likely will not work during an
actual emergency. It is obvious that an
improved method of handling the
critical information is necessary for
adequate and timely decision making.

In order to establish a common
ground on which to address what an emer-
gency management system should do, the
following list of the minimum require-
ments have been identified. Require-
ments may be different for particular
applications, but an emergency manage-
ment system should:

1. monitor situations and direct the
activities of emergency personnel,
resources, and equipment;

2. noti fy the affected areas in the
event of an accident;

3- inform and djjr_ect the media in a
responsive manner;

4. prepare for, coordinate, and conduct
evacuation as events dictate;

5. conduct, training of emergency
personnel; and

6- £59SJ^lSi§L%.?. and standardize operating
procedures for emergency situations.

The MAPSS Corporation has developed
a comprehensive Nuclear Emergency Mana-
gement System (NEH5) which addresses
these requirements from a "systems"

point of view rather than the fragmented
approach of the existing systems. The
MAPS5 NEMS is designed to be used
primarily by personnel with little or no
computer background. Information trans-
mission, which now can take minutes,
hours or longer, can be accomplished in
seconds.

The MAPSS NEHS permits the
establishment of a command, control and
coinniijiii rations network which will allow
the timely flow of information among
participating parties. These may be any
one? of several levels of government:
from federal to state to local
government. The system will communicate
with any of the previously mentioned
agencies in any combination or sequence.

The I1APS5 NEMS is a microcomputer -
based system designed to aid in the
command, control and coordination of
emergency response teams in the event of
an accident at a nuclear installation.
Since the system is built around a
microcomputer, it is portable in that if
an Emergency Operations Center (EOC) has
to be relocated, the system may be
relocated with the personnel. The
system would require a telephone line
and 110V AC to become operational. The
MAPSS NEMS uses a distributed processing
approach which incorporates:

o a high-speed local area network;

o remote networking;

o voice and data transmission
capabiliti es;

II .'i Ml: ' .YMI M

MOM',I

Kl YHflAWI!

C O I O K

I ' H I N I I H / I ' l <i ! I I |J

MAI'Mi MSMI
I MM KAU

IliM l'(:
I Mill MOl i

Cf'l OH CNAI ' I I IC
M Oll l l l I

in r mi

I I K I I I / I K

111 MO I I
CD HI It III

II O X

( K C I - i )

> I AHI.I SC.KI I N
I I P . I ' I AY ( I M l )

y Ml I) If. I H I I 1(1 A l l

IV roi OK

M o N11 n I;

I'lUK.I V.IIK

IJM A
( i 7 I I I I I I A I I I I )

V O I C I
f l ' I I K )



183

o inulti-tasking real-time oper-
ating system;

o high resolution color graphics
displays;

o up to 34OM bytes of hard disk;

o color printer/plotters;

o graphic digitizers;

o video output drivers; and

o IBM PC corapatiblity.

The software which drives the NEMS
is a combination of a menu and function
key driven system. The MAPSS NEMS takes
full advantage of the real-time multi-
tasking operating system in that most
of the communications are done in
background. The software is written in
FORTRAN 77 and assembly language. The
system responds to input from external
computer links. The operator may
initiate various functions, either
through menus or the use of function
keys. However, as defined by system
requirements, certain functions are
available only at predetermined times
and are accessable only by authorized
users. An example might be that the
operator can run the plume model only
when the; situation has reached the Site
Area Emergency level. The entire system
is password protected: Passwords are
used for two purposes, first, to
restrict access to the system to
authorized users only, and second, to
restrict access to critical information
or software routines. This feature
insures that only authorized personnel
have the capability to calculate
evacuation recommendations, run plume
models, ov review the event log. The
entire software system is implemented in
a modular fashion; which permits the
addition of new features and/or
enhancements to the system without
having to recompile the entire software
system. For instance, the plume model
to be used may not be decided on until
the system design phase.

SYSTEM OVERVIEW
The managing utility has respon-

sibility for informing the appropriate
EOCs of an emergency situation and any
subsequent escalation or closeout. The
MAPSS NEMS monitors the managing util-
ities' Emergency Command Center (ECC)
via a computerized link and will auto-
matically notify the EOCs of any
emergency situation. On command from
the operator at the EOC, the Standard
Operating Procedures (SOP) for the
particular situation will be initiated.
When the EOC has been informed of a
change in conditions, it will inform the

appropriate state agencies. The EOC has
the additional responsibilty of keeping
the news media aware of the situation
and coordinating news releases for the
public. The MAPSS NEMS will permit
authorized users at the utility, state,
and local level to review and compose
guidance messages and media releases.
All news releases can be viewed
simltaneously at the appropriate sites;
and once agreed on by all parties, the
release is printed and distributed to
the media. If the situation requires,
the MAPSS NEMS can feed video directly
to the news media via standard video
(RGB) outputs. The image on the
system's monitor would be the same Oi>e
that would be released to the media.
This allows important messages,
evacuation routes and sectors, etc. to
be viewed by the public. Information
from the various radiation monitoring
teams can be entered into the system and
new contamination patterns can be calcu-
lated. This process is accomplished by
using a contouring technique which will
combine both real data from the field
and the projected data from a plume
model. In addition to monitoring the
ECC's computer system and supplying data
to the outlying operations centers, the
MAPSS NEMS automatically maintains and
updates an accurate record (Event Log)
of all incoming and outgoing messages,
as well as the acknowledgements to
those messages. This Event Log is
maintained at all times, not just when
an emergency is in progress.

At the city/county level during an
emergency the operators have, the ability
to display the location of the shelters,
the status of those shelters, the
evacuation routes, the pickup points,
paired schools, and roadblock status.
If during the operation of the system,
a new incoming message is received, the
operator will be notified by an audible
tone and a flashing one-line message in
the upper left hand corner of the
screen. This feature insures that all
messages are received and are available
for recall. The city/county can also
put its own data in their system that is
pertenient locally such as city/county
SOPs, phone list of key personnel,
radio frequencies and call signs,
equipment status, other city/county
officals phone numbers, or.. whatever
else is necessary for the city/county to
manage a emergency. The city/county is
supplied with data directly from the
managing agency and coordinates its
activities with the EOC.

If the communication link is lost
between EOCs, each EOC has the ability
to run in a stand alone fashion. It
will update its Event Log with the
exact time communications were lost and
what actions were taken and by whom
during the loss. When communications
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have been reestablished, the Event Log
on the controlling master computer will
be updated to reflect the actions taken
at the EOC which had been "lost".

EXAMPLES OF THE SYSTEM
All of the examples used are from

the State of Tennessee. Although
Tennessee's reporting network may be
somewhat different, the philosphy and
data flow of the systems are very
similar. The following examples
illustrate the graphics capabilities of
the system and demonstrate its
flexibility.

NORMAL MODE
The following is an example of what

the screen would display during NORMAL
condition. Notice that the date/time
group will be updated as will the
condition of the entire notification
network. The system is displaying the
name of the duty officer at the
Emergency Operations Center (EOC). It
also displays the location and status of
all the outlying centers. In addition,
the system displays the current
condition of each of the nuclear power
plants and the operating status of each
individual unit. If the color of the
site or the plant is green, the

condition is normal; if the color is
blue, the site or plant is offline; if
the color is violet, the site or the
plant is not responding to the com-
puter's polling. The system will
display the status map of the affected
area on a large screen display (LSD) and
it will be updated at regular intervals
reflecting situation changes.

UNUSUAL EVENT MODE
This is an example of the screen

when an Unsual Event occurs. The status
of the plant has changed to yellow, the
plant site as shown on the state map is
now yellow, and the unit status at the
plant is also yellow. At this time the
system will start to update at a muoh
faster rate. The system normally
updates once every ten minutes. Once an
Unusual Event has occurred, the update
rate is increased to once every five
minutes. since update time varies with
each system, the times given here are
merely examples. As the situation
continues to degrade, the update time
will be reduced as needed until the
system becomes fully dedicated to a
particular event (full dedication would
not take place until a General Emergency
was declared). The notification network
continues to check each outlying site

TENNESSEE STATUS MAP

DATE: 23JAN86
TIME: 13:21 CST

STATE DUTY OFFICER: ANDY EDLY
NUCLEAR POWER PLANT STATUS

SEQUOYAH PLANT CONDITION: NORMAL

UNIT 1 100%
UNIT 2 OFFLINE MAINTENANCE

WATTS BAR PLANT CONDITION: NORMAL
UNIT 1 100%
UNIT 2 100%

STATE NOTIFICATION NETWORK:
o n r A O HAM EOC (SON) McMIN EOC (WBN)
S E O C B R A D EOC (SON) MEIGS EOC (WBN)

p r r r FCC/RMCC (SQN) St^lSfr
CECC JIC(SQN) ra^gjoc
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TENNESSEE STATUS MAP

DATE: 23JAN86
TIME: 13:30CST

STATE DUTY OFFICER: ANDY EDLY
NUCLEAR POWER PLAN! STATUS

SEOUOYAH PLANT CONDITION: NORMAL

UNIT 1 100%
UNIT 2 OFFLINE MAINTENANCE

WATTS BAR PLANT CONDITION:
UNIT 1 100%
UNIT" ? 100%

STATE NOTIFICATION NETWORK:
, . , - „ _ HAM EOC (SON) McMIN EOC (WBN)
SEOC B R A D EOC (SON) MEIGS EOC (WBN)
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UNUSUAL EVENT
PRESS <G0>

and report the status of each even if
the site is not involved in this
particular event.

The next picture is the Standard
Operating Procedure that would come up
on the operator's display when he/she
presses the <GO> key on the keyboard.
Some of the sites have responded and a
couple have not. Those sites which have
not responded would be displayed in
violet. At this time the operator would
verbally contact the agencies or persons
not responding to the alert. As the
respondents react, their status will
return to the normal color code which is
white. At the same time, the event log
is updated each time someone is notified
and it will also record who acknowledged
the message. However, if the operator
must verbally contact any party, the
operator must log manually the time of
notification. To notify a selection,
the operator simply places the screen's
cursor on the selection and presses the
<G0> key. In this example Rad Health
and the Highway Patrol have not been
notified. It is obvious that the system
continues to monitor the entire
notification network (SNN).

EVACUATION RECOMMENDATIONS
This picture shows evacuation

recommendations based on the predicted
plume from the plume program. The MAPSS
NEMS will calculate which evacuation
sectors within the 10 mile EPZ will be
covered by the projected plume and make
evacuation recommendations based on
those projections. The plume program to
be used would be the one selected by the
utility and integrated into the MAPSS
NEKS. The system will give evacuation
recommendations based on the time
intervals selected during the plume
calculation process. In this example
the plume has been calculated for 0 to 4
hours, 4 to 8 hours, and greater than 8
hours. The system has identified those
sectors which would be affected by the
plume and has listed them to the right
of the picture and color coded them to
correspond wi th the color coding of the
plume. It should be noted that MAPSS
does not write plume models; MAPSS will
integrate the plume model that the
uti]ity selects.

CONCLUSION
Even though the MAPSS NEMS is

designed primarily for nuclear emergency
management applications, the system can
be utilized to manage other enprgenices
such as natural diasters, hazardous
materials spills, and other catastrophic
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EVACUAIION KLCOMMLNDAi IONS
EVACUATE THE FOLLOWING SECTORS:

0 A HOURS

A I , m, n?, m, o?, 1.1

1 - 8 HOURS

A1, B1, B2, D1. D?, E1

8+ HOURS

i A1. L31.B2. [33. [34, [3S
', D1.D2.E1

events that would require real-time
accurate and responsive emergency
management.

Although the MAPSS NEMS is designed
primarily as a nuclear emergency
management system, it is versatile
enough to be utilized in day to day
operations. The word processor, spread
sheet, and graphics, which are standerd
in our system, can be used for reports,
graphs, equipment lists, maintenance and
training schedules.

MAPSS has developed the most com-
prehensive and responsive system avail-
able. In order to keep pace with the
increasing demands and complexity of
emergency management, MAPSS continues
to enhance the system. Some of the
future enhancements may include:

o interface with FEMA's Integrated
Emergency Management Information
System (IEMIS); and

o use FM radios and other techno-
logies as a backup to transfer
data between sites in the event
of phone line failure;

o a version of the NEMS which
will run on the IBM PC and
compatibles.

The MAPSS Corporation is committed
to a systems approach to the emergency
management challenge. MAPSS will cont-
inue to be at the forefront of emergency
management systems by offering a
comprehensive cost effective turnkey
system which includes:

o delivery and installation of the
hardware and software;

o training the operators and
providing the technical
assistance;

o expanding the system as
requirements dictate;

o upgrading the system as
enhancements come online.



ANS Topical Meeting on Radiological Accidents-
Perspectives and Emergency Planning

A Comparison of Computerized Dose Projection Models and Their
Impact on Protective Action Decision Making

Susan M. Reilly

ABSTRACT. The increased use of computers at
nuclear power plants provides more accurate and
timely assessment of conditions and consequences
during emergency situations. Dose projection
has been one of the prime beneficiaries of this
new technology, and the resulting calculations
have a direct impact on protective action
decision-making. In this paper, a quantitative
comparison of three dose projection models
illustrates that projected doses can vary from
factors of 2-3 up to factors of 100 or more for
similar input conditions. The impact on
protective action recommendations is great,
resulting in recommendations that vary from "no
action" to "evacuation."

I. OBJECTIVES

This project ha3 two objectives: first, to
quantitatively compare three different dose
projection models; and second, to compare the
protective action recommendations that might be
made based on each set of dose projection
results. The models which have been selected
for this comparison are: (1) the U.S. Nuclear
Regulatory Commission's IRDAM model; (2) a
atraight-line Gaussian (Class "A") model
currently in use at a U.S. utility; and (3) a
time-dependent (Class "B") model, also available
at a U.S. utility.

The IRDAM model runs on a personal
computer, while both utility models run on VAX
11/780 mainframes. Each of these models are
described in the following section of this
report.

These particular models were chosen to
represent a cro3s-section of those dose
projection methods currently available In the
United States. IRDAM provides a particularly
applicable point of reference since it is the
model used by the NRC site dose assessment team
when they respond to emergencies at operating
plants. Since the NRC would be involved in
discussions of protective action
recommendations, it is useful to know how the
SRC dose projections might differ from those of

the utility; and therefore, how protective
action decision-making could be affected.

II. DESCRIPTION OF MODELS

A. Model 1: IRDAM

The Interactive Rapid Dose Assessment Model
(IRDAM) i3 the model currently used by the U.S.
NRC site dose assessment team during emergencies
at nuclear power plants. Version 5.0 (August,
1985) was used in this analysis.

IRDAM provides a straight-line Gaussian
projection based on user-supplied input data.
The IRDAM program is used for all U.S.
utilities, and is designed to reference a given
file for 3ite-3pecific data upon the user
entering the site name. (Such site-3peciflc
data might be: type of plant (BWH/PWR), number
of units on site, etc.) Other input, such as
current meteorological and release information,
is provided by the user. The output of the
IRDAM program is in tabular form, with both
whole body and thyroid dose rate3 provided at
several pre-determlned or user-3upplied
distances.

B. Model 2: Utility "A"

Model 2; is a straight-line Gaussian (Class
"A") model which produces transport and
diffusion estimates in the plume exposure
Emerganoy Plarinlr.g Zone (EPZ). The model is
designed to run on real-time data: the computer
is hard-wired directly into the plant's
meteorological tower and effluent monitoring
system. It is possible, however, to override
the automatic mode and manually input data.

Model 2 is structured around an accident
"menu" wnich permits the user to provide as much
or as little information as is available. The
more specific the inputs, the more accurate the
output, but the computer has a set of default
values which are used when no user inputs are
provided (e.g., accident type, time after
shutdown, isotopic mix). Dose projection
results are provided either in tabular or in
color graphic form. Graphics Include a site map
and a multicolor plume plot.
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C. Model 3s Utility "B"

Model 3 is a time-dependent (Class "B")
model which can represent actual spatial and
temporal variations of plume distribution and
oan provide estimates of relative deposition
within the ingestion EPZ. No "eenterline" dose
values are calculated; values are integrated
within individual segments of the plume.

Aside from the dose projection calculations
themselves, Model 3 and Model 2 are very
similar. Like Model 2, Model 3 also runs on
real-time data, and is menu-driven by the
user. • Data are available in tabular or graphic
form.

Both Model 2 and Model 3 have several
characteristics which are common to each other
but which differentiate them from IRDAM (see
Table 1). Key differences are:

o Isotopic mix is a function of accident
type rather than being based on a
standard iodine: noble gas ratio,

o Decay time between reactor shutdown and
start of release is incorporated on an
isotope-by-isotope basis,

o Downwind deposition and depletion of
the plume is considered.

III. VARIABLES IN THE AM1LISIS

Each of the three models was run for the
following sets of input conditions:

Hind speeds:
Stability Classes:
Filtered Release:
Unfiltered Release:
Time Between Shutdown

and Start of
Release:

Wind Direction:
Release Duration:
Gamma Dose Type:

4, 10 miles per hour
A through G
Loss of Coolant Accident
Steam Line Break

0 and 2 hours
Constent during release
2 hours
Semi-infinite

IV. RESULTS OF DOSE PROJECTION COHPABISOMS

Table 3 summarizes the ratios of projected
dose rates from IRDAM to those of Model A and
Model B for the input conditions indicated on
the table. Dose projections vary from factors
of 1-3 up to factors of several orders of
magnitude. Sources of discrepancy can be
divided into three categories:

1) Dispersion

Figures 1 and 2 illustrate that X/Q
variations between models account for up to a
factor of 3, with IRDAM being consistently
conservative.

2) Source Terms

Models "A" and "B" use a decay-corrected
source term of 15 specific isotopes (13 noble
gas and 2 iodine). Dose rates are calculated
for each isotope, then summed to obtain the

total dose rate. For the IRDAM runs, nobls gas
to iodine fractions were provided that were
identical to those being used by Models A and B
(Table 2); however, since apejiflc isotopes were
not indicated, IRDAM results depend on the
average noble gas and iodine dose factors being
assumed in the IRDAM program.

TABLE 1. MODEL SUMMARI MATRIX

Characteristic

Straight Line Gaussian ('A1 model) X X
Time Dependent (Class 'B1 model) X
Whole Body Gamma Dose Calcs X X X
Adult Thyroid Dose Calcs (1) (1)
Child Thyroid Dose Calcs X (1) (1)
Elevated Releases (2)
Ground Level Releases X X X
R. G. 1.109 Dose Factors X X X
Time Between Reactor Shutdown

and Release Considered (3) (3) (3)
Gros3 ItNG Ratio Incorporated X
I:NG Ratio Determined by Isotope X X
Downwind Decay of Plume X X X
Deposition Considered X
Lake Effect Capability X
Finite Gamma Dose X
Semi-Infinite Gamma Dose X X

I = IRDAM, A = Utility "A" model, B = Utility
"B" model.

KO_[ESt

('X' indicates model has that charaoteristo)

(1) User chooses adult or child.
(2) IRDAM calculates ground level releases as

elevated, with a 10-meter release height.
(3) All three methods consider time after

shutdown, but in different ways.

TABLE 2. PERCENT IODINE IN EFFLUENT

Accident
Type

% I of Total I + NG
0 2 8
(hours after shutdown)

Filtered
(Loss of Coolant)

Unfiltered
(Steam Line Break)

2.1 H.5 5.8

80.2 96.6 98.0
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LOSS OF COOLANT ACCIDENT

Stability
IRDAM:

Hours After

WB
CT

WB
CT

WB
CT

0

1.2
0.78

0.46
0.58

0.36
0.79

A
Shutdown

2

1.2
1.1

0.95
0.85

0.36
1.1

IRDAM:
Hours After

0

2.0
0.78

2.0
0.95

2.4
1.6

B
Shutdown

2

1.3
1.1

1.2
1.4

2.0
3.5

STEAM LIME BBEAI

Stability
Hours

WB
CT

WB
CT

WB
CT

IRDAM
After

0

0.16
0.97

0.063
0.70

0.048
0.94

: A
Shutdown

2

0.028
1.6

0.031
1.2

0.0091
1.6

IRDAM:
Hours After

0

0.041
0.95

0.029
1.2

0.028
1.9

B
Shutdown

2

0.0066
1.6

0.0061
2.0

0.0050
5.2

TABLE 3. Summary of Site Boundary (0.7 miles) Dose Projection Comparisons.
Values are the ratios of IHDAM results to those of Models A and B, as
indicated. (WB = Whole body, CT = Child Thyroid).
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Figure 1. Ratio of X/Q values between IRDAM and
Model A for various stability classes. Ratios
showed less than 31 variation between 4 sph and
10 mph.
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Figure 2. Ratio of X/Q values between IRDAM ami
Model B for various stability classes. Ratios
showed less than 3Z variation between 4 »ph and 10
•ph.
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3) Other Factors

a. The major discrepancy between
models is seen for the case of whole body dose
resulting from a steam line break. This
discrepancy results from the fact that Models A
and 3 include the iodine isotopes in their
calculation of whole body dose, while IRDAM does
not. In the case of a filtered release, this
omission is not significant; however, in a
release that consists of greater than 80%
iodine, the whole body dose resulting from
iodine is substantial. It is important to
realize, however, that in a plume that is 80S
iodine, Protective Action Recommendations (PARs)
will be driven by thyroid do3e, not by whole
body dose.

b. Finite vs 3emi-infinite dose
models, deposition, and depletion of the plume
all contribute to differences between results of
IRDAM and the other models. For th-5 cases
examined in this paper, these factors contribute
to Ies3 than a factor of two difference in
results (as evidenced by comparing lose ratios
at the site boundary to those at ten miles).

T. IMPACT OH PROTECTIVE ACTIOB HECOttlEIIDATKMIS

The basic guidance for protective action
decision-making is found in EPA-520/1-75-901
"Manual of Protective Action Guidea and
Protective Actions for Nuclear Incidents."
Protective actions are based on total projected
dose (i.e., do3e rate multiplied by the expected
duration of the release), and when this dose
exceeds certain triggerpolnt;j, actions to
protect the public may be required. These
Protective Action Guides (PAG's) and their
corresponding actions are as follows:

Total Do3e (Rem)

Whole Body Child Thyroid
dose u 1 dose t- 5

1 h. dose L. 5 51 dose ̂.25
5 h. dose 25 4 dose

Action Considered

none
shelter
evacuate

(Kotes non-metric units are used herein as both
the dose models and the PAG'3 themselves are
expressed in these units. For reference, 1 Rem
= 0.01 aievert, 1 Cl = 3.7E10 becquerel, and 1
mile = 1605 meters.)

Figures 3 and H illustrate the effects that
different model results have on protective
action decision-making. In Figure 3, results
were compared for the case where there la good
agreement (less than 20} difference) between
models: IRDAM va. Model A for the case of a
LOCA, 0 hours after shutdown, B stability, 4
mile per hour wind, 1000 Ci/sec release rate, 2
hour duration. In the case of the whole body
dose, both models exceed the PAG limit for
shelter it the site boundary, but require no
action at other downwind distances. One would
expect a similar protective action

recommendation (PAR) to be made in both cases;
e.g., shelter to 2 mlle3, no action beyond
that. In the case of the thyroid dose
projection, however, Model A exceeds the PAG
limit for shelter at 5 miles while IRDiM does
not. This could result in a PAH based on IRDAM
to evacjate to 2 miles, shelter to 5 miles, no
action beyond that; while Model A indicates
evacuation to 2 miles, shelter from 2 miles to
10 miles, and no action beyond 10 miles.

Now examine the impact on PARs when models
produce signficantly different projected
doses. Figure <J illustrates the integrated
whole body and thyroid doses for the ca3e of
IRDAM vs. Models A and B, steam line break, 2
hour3 after shutdown, F stability, 4 mph wind,
660 Ci/sec release rate for whole body
calculation, 1.6 Cl/3ec for thyroid calculation,
2 hour release duration. In the case of the
whole body dose, IRDAM predicts that no action
i3 required - while Models A and B indicate that
the evacuation PAG is exceeded beyond 5 miles
and the shelter PAG is exceeded beyond 10
miles. In the case of the thyroid dose, IRDAM
predicts that the evacuation PAG 13 exceeded
beyond the site boundary (0.7 miles), while the
shelter PAG is exceeded beyond 2 miles. In
contrast, Model B results show that the
evacuation PAG is never exceeded, and that the
shelter PAG is exceeded between the site
boundary distance and 2 miles, while no action
is required beyond that distance. Model A
results are similar to IHDAM's

T.

This paper illustrates the dramatic effect
that the use of different dose projection models
can have on protective action decision-making.
Even though models may appear similar on the
surface, subleties such aa time-dependent dose
factors contribute to widely-varying dose
projections - and .jonsequently to widely-varying
protective action recommendations. To avoid
confusion during emergencies, dose assessment
personnel at both the utility and governmental
agencies should have a thorough understanding of
the capabilities and limitations of their
particular models.
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0.7 2 5
Downwind Distsnce (miles)

figure 3. Compariuon of Projected Do*t* Relative to PAG Llait*.
Case 1: LOCA, 0 hour* after shutdown, B (.'ability. Ca*e 1 results
represent agreement of projected doses to within 20Z, yet there is
a difference in which PAG triggerpoints are net at each distance.

Downwind Distance (miles)

Figure 4. Comparison of Projected Doses Relative to PAG Limits.
Case 2: steam line break, 2 hours after shutdown, F stability.
The asrked differences in projected doses between these model*
result in widely varying protective action recommendations.

0
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An Importance Ranking of Various Aspects of Off-Site
Radiological Emergency Preparedness

John W. Hockert and Thomas F. Carter

ABSTRACT

Under contract to the Edison Electric Insti-
tute, IBAL developed a method to assess the
relative importance of various aspects of
offsite radiological emergency preparedness.
The basic approach involved structuring the 35
objectives that the Federal Emergency Manage-
ment Agency expects offsite emergency planners
to demonstrate during nuclear power plant emer-
gency preparedness exercises into a hierarchy
based upon the emergency response capabilities
they support. The analytical hierarchy process
(ASP) was employed to derive the quantitative
relative importance of each of the 35 objec-
tives based upon its contribution to the over-
all capability of offsite agencies to assist in
protecting public health and safety in the
event of an emergency at a nuclear power plant.
The judgments of a cross-section of state and
local emergency planners, federal regulators,
and intervenors were solicited to rank the 35
objectives.

I. INTRODUCTION

At present, thn primary mechanism employed
by federal evaluators to determine the adequacy
of offsite emergency preparedness is observa-
tion of the full-scale exercise conducted at
least once every two years at each nuclear
power reactor. Although the Federal Euiergency
Management Agency (FEMA) has continued to re-
fine the methodology used during these evalua-
tions since taking over this responsibility in
1979, it is generally recognized that addition-
al improvements can be made in the evaluation
methodology. In particular, a useful adjunct
to the current evaluation methodology would be
a systematic method to recognize and incorpo-
rate into the exercise evaluation process the
considerable differences in the real importance

among the NUREG-0654 planning standards and
evaluation criteria. Without such a method,
there is the possibility that utility and
state and local government attention and
resources will be directed toward relatively
insignificant exercise deficiencies at the
expense of real emergency preparedness
problems. In addition, this method would also
serve to foster a consistent understanding
among the FEMA regions and evaluators as
well as state and local government
agencies and utility decision makers as to
exactly what constitutes adequate emergency
preparedness. Furthermore, such a method could
also be used to best allocate governmental and
utility radiological emergency preparedness
resources and minimize compliance costs to
rate-payers.

This paper describes a means to achieve
the first part of this objective: that in,
to systematically assess the relative
importance of the various aspects of offsite
radiological emergency preparedness. The
methodology presented builds upon the modular
exercise evaluation concept developed by
FEMA to create a hierarchy describing re-
quired offsite emergency preparedness capabili-
ties. Based upon fiis hierarchy, proven
analytical methods for tizantification of expert
judgment were employed to develop a structured
interview format to be used with experts in the
field of radiological emergency preparedness.
Based upon their qualitative judgements,
expressed as responses to a carefully selected
set of questions, the methodolocnj provided a
means to calculate a. quantitati-- measure
of the overall importance of each nf the 35
standard objectives that FEMA expects offsite
emergency planners to periodically
demonstrate during exercises. The methodology
also provided quantitative measures of
the consistency of the qualitative
judgments leading to the relative impor-
tance measures.
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II. METHODOLOGY

The evaluation of the level of offsite
agency preparedness to respond to nuclear power
plant emergencies is a difficult and complica-
ted undertaking. Proper emergency response may
well depend upon the actions of from dozens to,
conceivably, hundreds of individuals. The
actions of these individuals throughout the
emergency are interrelated in a complex manner
that depends upon both the specific nature of
the emergency and the consequences of previous
emeigency response actions. In evaluating
such a complex system, it is necessary to
foster and to maintain an awareness of the
importance of the proper functioning of each
component of emergency preparedness to the
overall capability of offsite agencies to
protect the public health and safety. Other-
wise, there is a distinct possibility that
evaluators will concentrate their attention
on activities that they are expert in or that
they find interesting, independent of the
importance of such activities.

In developing their modular approach for
evaluating radiological emergency preparedness
exercises (FEMA, 1983), FEMA has made great
strides in structuring the evaluation process.
This approach identifies a set of 35
standardized objectives to be demonstrated
during radiological emergency preparedness
exercises. These objectives have been drawn
from those elements of NUREG-0654/FEMA-SEP-l,
Rev. 1, Criteria for Preparation and Evaluation
of Radiological Emergency Response Plans and
Preparedness in Support of Nuclear Power
Plants, that are both observable during
exercises and pertinent to state or local
governments. The next logical step in this
structuring process is the identification of
the relative importance of each of these 35
objectives.

The identification of the relative import-
ance of each of the 35 objectives is also made
difficult by the complexity of their interrela-
tionship with one another. This process is
made even more difficult because the requisite
offsite emergency response capabilities differ
considerably for different types of nuclear
plant emergencies. Therefore, the capabilities
required to achieve certain objectives may be
quite important in responding to extremely un-
likely accidents and yet be unimportant for the
great majority of nuclear plant
emergencies. In making a determination of
overall relative importance, such
capabilities must be compared with other
capabilities of moderate importance for
virtually all nuclear plant emergencies.
Thus, the method employed to determine the
relative importance of the 35 objectives must
facilitate such complex comparisons.
Furthermore, in order to be useful, the method
must be reasonably simple to use and
understandable. These considerations strongly
suggest the use of a methodology that makes
maximum use of the considered judgment of
individuals experienced and knowledgeable in
radiological emergency preparedness.

An executive body of literature exists de-
scribing proven methods to consistently account
for and effectively use expert judgment in
importance ranking. (Freeling, 1982, Saaty,
1977, 1978 a,b,) Thomas L. Saaty, formerly of
the University of Pennsylvania's Wharton School
and now with Pennsylvania State University, has
published several journal articles that address
a structured method for developing quantitative
measures of the relative importance of various
objectives supporting the same goal. The first
stage of this mezhod is to identify the goals
that each objective supports. This leads to
the construction of a hierarchy.

The use of such a hierarchy has several
advantages. First, the hierarchy provides a
meaningful integration of related objectives.
This not only focuses the evaluator's attention
on those aspects of the related objectives that
contribute most directly to their goal, but it
also relieves the evaluator of the difficult
problem of directly comparing objectives that
support disparate goals. This increases both
the effectiveness and the efficiency of the pro-
cess. Second, the use of a hierarchy struc-
tures the evaluation so that issues related to
system pu. ••• formance occur at lower levels, while
policy issues dominate at the higher levels.
Thus, information about, the relative importance
of higher level goals can be effectively ob-
tained from policy makers, while information
about the relative importance of individual
objectives in achieving those goals can be
obtained from individuals more familiar with
system details. Third, the use of hierarchies
increases the reliability and flexibility of
the process. The achievement of the overall
goal is divided among the levels of the hier-
archy in such a manner that each achieves a
portion of the goal and the totality meets the
overall goal. Therefore, changes to the manner
in which one portion of the goal is met (i.e.,
changes to one part of the hierarchy) do not
afiect the analysis for those parts of the hier-
archy supporting other portions of the overall
goal.

The hierarchy constructed to support the
evaluation of the relative importance of FEMA's
set of 35 standardized objectives to be demon-
strated during radiological emergency prepared-
ness exercises was derived by identifying the
three capabilities necessary to protect public
health and safety:

1. The capability to obtain informa-
tion necessary to determine
actions to be taken to protect
public health and safety;

2. The capability to maintain the
command and control necessary to
support effective decision-making
and incident management; and

3. The capability to implement appro-
priate protective actions when
the decision is made to do so.

These three capabilities were then analyzed
into subordinate capabilities until, even-
tually, all 35 of the objectives were linked
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with the capabilities that they support. The
detailed hierarchy and a listing of all 35
objectives are included in the project report
(IEAL, 1985).

The next stage of the method involved the
estimation of the kro^ieageaole individual's
underlying estimate of the importance of each
goal or objective through use of ratio judg-
ments, which are a form of pairwise compari-
sons. This was accomplished by having the
individual answer a series of questions regard-
ing the relative importance of each pair of
objectives. The questions are derived directly
from the hierarchy, and the possible answers
are taken from a set of preselected responses
that have evolved from Saaty's research. The
set of questions used to rank the importance of
the 35 objectives and the possible answers to
these questions are presented in the project
report (IEAL, 1985). The method for quanti-
fying these answers and using them to derive an
individual quantitative importance weighting
for each of the 35 objectives is also discussed
in the referenced report (I1IAL, 1985).

Expert judgments of the relative importance
of objectives supporting each higher level goal
and the goals themselves were solicited by send-
ing detailed questionnaires to FEHA and Nuclear
Regulatory Coimission (HRC) headquarters and
regional staff. Regional Assistance Committee
(RAC) members, other federal, state, and local
emergency planners, and members of public
interest groups. Thirty-five responses ware
received from individuals representing a reason-
able cross-section of these organizations.
Rankings were derived based upon each indivi-
dual 's responses, and an overall composite rank-
ing was developed, based upon each individual's
responses within his or her areas of expertise.
In addition, the responses were analyzed for in-
ternal consistency and to determine the degree
to which the responses were correlated with the
respondent's organizational affiliation.

Ill. RESULTS

The individual respondent's detailed rank-
ings of the 35 exercise objectives were found
to vary. This is not surprising in light of
the complexity of emergency preparedness and
the extent to which the relative importance of
specific capabilities during a given emergency
depends upon the detailed accident scenario and
site conditions. The observed variation did
not appear to be significantly related to the
respondent's organizational affiliation, geo-
graphical location, or area of expertise. This
variation indicates that the specific relative
importatjce weights provided by the AHP should
be regarded as soixwhat uncertain.

However, in reviewing the overall response,
a pattern did emerge. While the detailed rank-
ings varied, there was general consensus on a
group of seven exercise objectives thHt ware
considered very important by a large majority
of respondents and a group of ten exercise ob-
jectives that were considered relatively

unimportant by a large majority of respondents.
With one or two exceptions, the uncertainties
in the individual rankings were r.uch that objec-
tives could be ambiguously assigned to one of
these two groups or to a third group of objec-
tives of moderate importance.

The seven objectives that were considered
very important by the large majority of respon-
dents were, in approximate order of decreasing
importance:

Ability to project dosage to the pub-
lic via plume exposure (Objective
10);
Ability to communicate with all
appropriate locations, organiza-
tions, and field personnel (Objec-
tive 5);
Ability to make decisions and coordi-
nate activities (Objective 3);
Ability to mobilize staff and acti-
vate facilities promptly (Objective
1);
Ability to project dosage to the pub-
lic via ingest ion exposure (Objec-
tive 11);
Ability to monitor and control emer-
gency worker exposure (Objective
20); and
Ability to evacuate onsite personnel
(Objective 23)

The ten objectives considered relatively unim-
portant by the large majority of respondents
were, in approximate order of decreasing impor-
tance:

Ability to administer potassium io-
dide to the general public (Objec-
tive 22* )
Ability to brief the media in a
clear, accurate, and timely manner
(Objective 24);
Ability to establish and operate
rumor control (Objective 26);
Adequacy of facilities for mass care
of evacuees (Objective 28);
Ability to deal with impediments to
evacuation, such as inclement wea-
ther (Objective 16);

Ability to coordinate information
releases (Objective 25);
Adequacy of procedures for registra-
tion and radiological monitoring of
evacuees (Objective 27);
Ability to control access to evacu-
ated areas (Objective 17);
Ability to estimate total population
exposure (Objective 34); and
Ability to determine and implement

FEMA's original Objective 22, the ability
to administer potassium iodide, was
separated, for this analysis, into the
ability to administer potassium iodide to
emergency workers and the ability to
administer it to the general public.
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recovery and reentry measures (Objec-
tive 35)

The remaining objectives were considered to
be of moderate importance by the majority of re-
spondents. The variation in the relative impor-
tance accocded the objectives in this group by
the various respondents was greater than the
variation seen in either of the other two
groups.

IV. CONCLUSION

The results of this analysis have potentially
far reaching implications for the conduct and
evaluation of offsite radiological emergency
response exercises. For example, it is reason-
able to expect that those objectives considered
very important would be exercised most frequent-
ly, evaluated most thoroughly, and, if not de-
monstrated satisfactorily, would be the basis
of a Category A deficiency or negative finding.
Likewise, the relatively unimportant objectives
would be exercised infrequently, accorded
little evaluation effort, and, if not demon-
strated satisfactorily, would rarely result in
anything more severe than a citation as a cor-
rectable weakness. The moderately important
objectives would, on average, receive moderate
emphasis or be emphasized within a reduced emer-
gency planning zone, or in specific cases, be
classed as relatively important or unimportant
depending upon the detailed local conditions or
exercise scenario considerations.
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A Goal-Oriented Functional Tree Structure for
Nuclear Power Plant Emergency Preparedness

Richard V. Calabrese and Marvin L. Roush

ABSTRACT Guidelines for development and imple-
nentation of emergency response plans do not
provide the planner/implementer with an adequate
overview of the functions to be achieved or a
measure of their relative importance. To pro-
vide a framework in which this importance can be
recognized, understood and quantified, a logical
goal oriented tree structure has been developed
which integrates and gives a clear visual repre-
sentation of the functions required to meet the
emergency preparedness objective. The tree
considers a spectrum of both high and low prob-
ability events which may require mitigation both
onsite and offsite.

The ultimate objective: to Minimize the
111 Effects of a Nuclear Power Plant Incident is
satisfied by functions concerned with prevention
and mitigation of human injury and property
damage. A complete and detailed structure which
specifies the subfunctions and success paths
which satisfy these functions has been devel-
oped. Institutional activities such as plan-
ning, training, procedure development, nor.itor-
ing and decision making do not enter the tree
directly. Instead, the logic structure defines
the extent to which these activities must be
considered and the information systems and deci-
sion models required for successful implementa-
tion of the plan.

The top structure of the tree is presented
and a few branches are considered in detail.
The Impact of Institutional activities, informa-
tion systems, etc. is discussed. Tree quantifi-
cation is considered.

I. INTRODUCTION
Numerous documents provide guidance toward

development and implementation of nuclear power
plant emergency response plans. Most are con-
cerned with the adequacy of personnel, suppor-
ting facilities and institutional activities
performed in support of the plan. These activi-
ties include contingency planning, task organi-
zation, procedure development and specification,
monitoring and dose projection, and practice
drills to aid in plan maintenance and improve-

ment. Unfortunately, such documents do not
provide the planner/implementer with a good
basis for understanding the functions to be
achieved and a clear definition of their overall
importance toward attaining the ultimate objec-
tive. To provide a framework within which this
"importance" can be recognized, understood and
quantified, we have developed a logical tree
structure which integrates and gives a clear
visual representation of the functions required
to meet the emergency preparedness objective.
Rather than focus solely upon low probability,
high consequence events with radiological impact
on the public, we consider the spectrum of
events which may require mitigation both onsite
and offsite.

The goal oriented tree presented herein is
an outgrowth of the logic structures defined as
part of the Top-Down Integrated Approach to
Safe, Reliable, Economic Nuclear Power (e.g.,
Combustion Engineering, 1982; Technology for
Energy Corp., 1982). The approach and results
represent refinements of a detailed functional
classification performed for the Dept. of Energy
(DOE) by these authors (University Research
Foundation, 1983) as part of the DOE Informa-
tion Systems Project. The structure provides
an easily understood overview of all required
functions and their interrelationships, and a
logical framework for quantitative evaluation.
It id anticipated that the model can be a useful
training tool to allow an individual to view
specific parts of a plan in proper context. It
might also be useful to provide a contextual
overview of regulations to allow a proper per-
spective of the need for and the contribution of
a single regulation to the overall objective, as
well as the impact of the regulation upon
achievement of other functions.

We have attempted to structure this goal
tree according to the following simple guide-
lines: For each box, one can look "down" in the
tree to see how the functional objective is
accomplished. One can look "up" in the tree to
see why the functional objective is required.
Near the top of the tree, each function is
specified in a very general way. Subfunctions
or components of a higher level goal are then
developed at lower levels. The lowest levels

197
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represent one or more success paths by which
specific objectives can be accomplished. Effort
has been made to address issues in a generic way
that is applicable to any plant and to account
for all possible contingencies, except sabotage.
Therefore, at lower levels not all subfunc-
tions/success paths will be relevant at a
specific plant.

II. OVERVIEW OF TREE STRUCTURE
The top structure, shown in Figure 1,

states the ultimate goal of emergency prepared-
ness; that is, to Minimize the 111 Effects of a
Nuclear Power Plant Incident that could poten-
tially threaten the health, safety and economic
well being of both the public and plant person-
nel. The objectives to be accomplished are
prevention and mitigation of human injury and
property damage. The functions which address
these objectives can be classified as either
preventative (pre-injury) or mitigative (post-
injury). Mitigative functions are included
since any realistic criteria for success must
accommodate sone casualties and/or property
damage, if only due to the initiating event.

HINIHIZE ILL
EFFECTS OF NUCLEAR
POWER PLANT INCIDENT

0
_L

PREVENTION AND
HITIOATION OF
HUMAN INJURY

A

JL
PREVENTION AND
MITIGATION OF
PROPERTY DAHAOE

Figure 1 - Top Tree Structure

Portions of the tree that are presented
herein are each assigned a number. This number
appears inside a triangle located to the left of
the top box of that branch. If the lowest boxes
of that branch contain a triangle beneath thea,
then the number inside that triangle specifies
the tree number on which it is continued.

The functions that satisfy the ultimate
goal are given in Trees 1 and 2. These are:

a) Prevention of Human Injury. Plant personnel
and the public must be protected from
conventional Injury and from exposure to radia-
tion and toxic chemicals.

b) Prevention of Psychological Stress. The
psychological impact on the public from an inci-
dent of any degree is to be minimized.

c) Human Casualty Control (Mitigation). People
injured as a result of conventional accidents
and/or exposure to radiation or toxic chemicals
must be identified, treated and otherwise cared
for both onsite and offsite.

d) Prevention of Property Damage. Damage to
plant and public property is to be prevented
during an incident.

e) Property Damage Control (Mitigation). Plant
and public property suffering conventional dam-
age and/or contamination by radioactivity or
toxic (or corrosive) chemicals must be identi-
fied, secured, and possibly restored to its pre-
incident condition.

Except for Prevention of Psychological
Stress, each function is divided into its compo-
nent parts. These are conventional, radiologi-
cal and chemical. The conventional and radiolog-
ical subfunctions are further divided into
their onsite and offsite components. Only
onsite measures are considered for the case of a
chemical spill. The utility is not responsible
for the impact of offsite spills on the public.
Furthermore, it is unlikely that an onsite spill
will impact the public. However, said impact
could be included if warranted. The need to
consider chemical spills becomes apparent when
one considers that release of toxic vapors from
the failure of an onsite ammonium hydroxide
storage tank or chlorine cylinder can have a
higher probability of impacting control rooa
personnel than does a radiological release to
the environment. Licensing issues for the pro-
posed Midland Nuclear Power Plant included de-
tailed consideration of the impact of toxic and
corrosive chemicals released from nearby chemi-
cal plants.

Several conditionals appear in Trees 1 and
2. They serve to identify the conditions for
which each subfunction should be considered.
Onsite conventional injuries and property damage
must be considered for all incidents. The same
is true for psychological stress. Offsite func-
tions must only be considered when the poten-
tial exists for a radiological release to the
environment. The tree is structured to accommo-
date radiological incidents confined to plant
structures and to consider the impact of offsite
chemical spills on plant personnel and property.

The functions defined above are accom-
plished by a complex series of human actions/in-
teractions. Numerous activities must be per-
formed by designated plant personnel and civil-
ians, often under less than ideal conditions.
Many require cooperation among plant officials
and civilian authorities. Their success is
dependent upon proper planning, accurate dissem-
ination of information and an ability to make
rational decisions in a timely manner. However,
such considerations do not directly enter into
the functional classification. Planning, which
Includes the Identification, organization and
designation of tasks and the development of
Implementation procedures to Insure that they
are accomplished in a timely fashion, is an
institutional activity. Each functional activi-
ty is best accomplished when a well designed and
tested plan exists. Information can only be
disseminated in a timely fashion when a well
designed communications network is in place.
Again, development of such a network and proce-
dures for its use are institutional activities.
The functional classification serves to identify
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the requisite institutional activities. Each
institutional activity could be classified
according to a tree structure which parallels
the functional tree, once Its goals have been
properly defined.

The acquisition, analysis and interpreta-
tion of data to insure that accurate information

Is disseminated and that proper and timely deci-
sions are made are activities which aid in the
implementation of the plan. Like institutional
activities, decision models and information
systems can also be classified according ,.o a
parallel tree structure. Furthermore the func-
tional classification serves to identify infor-
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nation needs and the decisions which must be
made. Separate consideration of institutional
activities and Infornation Syst im/Decision
Models also serves to facilitate quantification
of the goal oriented tree.

While a detailed functional classification
has been carried out, it is too extensive to be
presented here. Instead, the major elements of
the tree will be presented followed by a discus-
sion of selected individual success paths. As
previously noted, the tree super structure pre-
sented here represents both a refinement of and
a supplement to the tree developed for the DOE
Information Systems Project (University Research
Foundation, 1983). The work was undertaken to
provide a more logical and easily understood
representation by emphasizing common features
among the various subfunctlons and success
paths. The lower levels of the tree remain the
same and are given in complete detail in the
aforementioned report. In this sense, the
structures presented here serve as an introduc-
tion to ' and a useful aid in interpreting the
more detailed functional classification.

In presenting the logic structures, the
impact of institutional activities, data acqui-
sition and decision making will be considered.
Emphasis will be given to the function Offsite
Radiological Dose Prevention which appears under
Prevention of Human Injury. This is satisfied
by subfunctions for source mitigation, evacua-
tion, sheltering, etc.

III. CONVENTIONAL/CHEMICAL INJURY PREVENTION

A. Conventional Injury Prevention.
This function is concerned with protec-

ting emergency response workers and the public
from conventional injury during the course of
their actions.

tion.
quired

1. Onsite Conventional Injury Preven-
Tree 3 specifies the subfunctlons re-
to meet this goal. Non-essential per-

ONSITE
CONVENTIONAL INJURY

PREVENTION

6

sonnel must be protected or escorted to the site
boundary. The required actions are similar to
those taken to protect the public. Two types of
essential personnel are identified, simply be-
cause the tasks they must perform are quite
different. At the next tree level (not shown),
specific tasks are Identified. These include
responding to equipment failures, fires, seismic
events, etc., or providing transportation/equip-
ment/supplies to other response teams. For most
of these, conventional injuries are prevented by
a common type of success path illustrated In
Tree 4. Individuals must be capable of perfor-
ming the task; that is, they must understand all
aspects of the task. In order to identify ade-
quate personnel, the magnitude of the task and
personnel limitations muBt be understood. Team
members must be aware of potential dangers and
the requisite protective equipment (task specif-
ic) must be available. This tree is applied in
turn to each task with lower tree levels speci-
fying the details of these requirements.

2. Offsite Conventional Injury Preven-
tion. This goal includes protecting the public
and emergency response teams assisting them
(Tree 5). Protection of essential personnel is
satisfied by subfunctions similar to those for
the protection of those assisting onsite non-
essential personnel. The public is protected by
satisfying thxee general subfunctions. Access
to dangerous areas must be restricted. This
aubfunction is activated only if property damage
is caused by initiating events such as earth-
quakes, tornadoes, etc., or by public panic.
Damaged property must be identified and secured
and the potential danger must be publicized.
Rioting and looting must be controlled by avoid-
ing panic and providing proper deterrents. This
is Insured by adequate response capability,
competent teams and adequate security. Trans-
portation hazards must be minimized on all ap-
propriate types of carriers. A common success
path is shown in Tree 6. Traffic congestion and
panic tendencies must be minimized. Vehicles
must be loaded and operated safely. The needs
of special population groups such as the ill and
elderly must be accommodated.

Lower levels of the Offsite Conventional
Injury Protection tree identify specific items/
population groups that must be considered and
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detail the specific tasks and facilities (in-

cluding communications) that are required. This

la common to the success paths for all major

functions.

B. Onsite Chemical Dose prevention.

Tree 7 reveals tnat the top tree struc-

ture for this function is similar to that for

Onsite Conventional Injury Prevention. Since

workers must be protecced from overexposure the

general subfunctions are quite similar to those

for Onsite Kadiological Dose Prevention to be

discussed subsequently. Of course, specific

tasks and equipment requirements will differ.

RIOTING AND
LOOTING ARE
CONTROLLED

ADEQUATE
RESPONSE CAPABILITY

AVAILABLE

COMPETENT TEAMS
COORDINATE

PUBLIC ACTION

SECURITY
TEAMS PATROL

AREA

[ToROAD TRANSPORTATION
HAZARDS
MINIMIZEDI

MARINE TRANSPORTATION
HAZARDS
MINIMIZED

AIR TRANSPORTATION
HAZARDS
MINIMIZED

RAIL TRANSPORTATION
HAZARDS
MINIMIZED

rTRAFFIC
CONOESTION
MINIMIZED

TRANSPORTATION
HAZARDS
MINIMIZED

1
PANIC

TENDENCIES
, MINIMIZED

0

r~

1
VEHICLES

ARE SAFELY
LOADCD/UNLOAUepo

PUBLIC AT LAPSE 1
IS SAFELY

LOADED/UNLOADED

1

VEHICLES
OPERATED
SAFELY

SPECIAL POPULATION
GROUPS ARC SAFELY
LOWED/UNLOADED

ONSITE
CHEMICAL DOSE
PREVENTION

Q.
PROTECTION
OF ESSENTIAL

PLANT
PERSONNEL

IL
.-"PROTECTION OT
NON-ESSENTIAL
PLANT PERSONNEL
AND VISITORS

s.PROTECTION OF
PERSONNEL IN

CONTROL ROOM AMD OTHER
SAFETY RELATED AREAS

IL
0

PROTECTION OF
PERSONNEL

RESPONDING TO
CHEMICAL INCIDENT

J-
INITIAL

PROTECTIVE
MEASURES
TAKEN

_L
SUBSEOUENT
PROTECTIVE
MEASURES
TAKEN



202

IV. RADIOLOGICAL DOSE PREVENTION

The onsite component of this function is
defined to include monitoring teams and those
assisting the public.

A. Onsite Radiological Dose Prevention.
Like the other onsite "prevention"

functions, the radiological function involves
protection of both essential and non-essential
personnel (Tree 8). Essential personnel are di-
vided into those Involved in emergency response
outside plant buildings and those who remain
inside the plant. Those outside plant buildings
include monitoring teams and those assisting
non-essential personnel. Their safety is in-
sured by adequate knowledge of environmental
hazards, and use of protective clothing/equip-
ment and/or shift rotation to avoid overex-
posure. Personnel within the plant must be
protected from radiation sources within the
plant and from radioisotopes released to the
atmosphere. The former corresponds to the pro-
tection of workers entering high radiation
areas. This subfunction has not been developed
since it is more the concern of health physi-
cists than emergency planners. The latter sub-
function is satisfied by success paths which
insure the habitablllty of the control room,
emergency response center and other safety re-
lated areas.

Initial and subsequent measures are taken
to insure the safety of non-essential personnel.
Initial measures include identifying, notifying,
accounting for and sheltering these individuals.
Subsequent measures include sheltering or
evacuation and possibly the use of blocking
agents.

B. Offsite Radiological Dose Prevention.
To protect the public, two subfunctions

are required as shown in Tree 9. Both acute and
chronic exposure pathways must be controlled.
Acute pathways are those to which the public is

exposed during and immediately after a release
of radioactivity to the environment. These
include inhalation, cloud shine, and short-term
ground shine. Chronic exposure pathways are
longer term pathways of concern during the pe-
riod of days (or possibly years) after the inci-
dent. These include longer term ground shine,
inhalation of resuspended material, and inges-
tion of contaminated foodstocks.

1. Control Acute Exposure Pathways.
Methods currently accepted for controlling pub-
lic exposure to radioactivity are evacuation and
sheltering. However, the use of blocking agents
such as potassium iodide (KI) is included for
completeness. Each of these methods may be used
alone or in conjunction with one or both of the
others. For instance, it may not be practical
or desirable to evacuate the entire population.
During a severe incident it is possible that
the people residing in areas to which the ra-
dioactive plume is carried by the winds will be
evacuated and those in surrounding areas will be
sheltered. Blocking agents may be distributed
to evacuees and those sheltered in areas adja-
cent to those under evacuation. Evacuees may be
directed to engage in mobile sheltering tech-
niques such as breathing through wet towels
while en route to their cars and keeping their
car windows and air intake vents closed to avoid
the influx of contaminated air. Furthermore, It
may be recommended that only particularly sus-
ceptible members of the population, such as
pregnant women, be evacuated and all others be
sheltered or given blocking agents. It may only
be possible to evacuate the mobile population
requiring sheltering for immobile persons, such
as bedridden individuals and the like. It may
be desirable to evacuate the general public but
not institutionalized individuals.

The decision as to which of the aforemen-
tioned methods should be employed, and where,
when, and to whom is a complex one requiring
plant, monitoring and weather data. As pre-
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viously mentioned, the decision process with its
requisite information is not included as part of
the functional classification presented here.
The output of the decision process is
represented by conditionals placed on the sub-
functions "Evacuation," "Sheltering" and "Block-
ing Agents" displayed as Rl, R2 and R3, re-
spectively, in Tree 9.

In principle, the area surrounding the
plant can be divided into several sectors, the
size and number depending upon population den-
sity, road network, meteorology, terrain fea-
tures, etc. The decision to evacuate, shelter,
use KI or to use a combination of these can be
made for each sector and population group and
for various time periods. The conditionals
therefore represent a matrix of decisions. The
matrix coefficients prioritize and define the
requisite subfunctions. For instance, a coeffi-
cient of 0 can be used to define the associated
subfunction as unnecessary for the sect ">r/popu-
lation group/time period it represents, a 1 can
define it as a primary success path, a 2 as an
alternate success path, etc. Depending upon the
situation, two or more of the conditionals may
have the same coefficient for a common element.
For example, sheltering with ingestion of KI may
be the primary success path. Again, the coeffi-
cients of the matrices are the output of the
decision process.

We have defined an Information System/Deci-
sion Model whose output in the form of condi-
tional matrices specifies the particular success
paths that should be utilized. Such models
enter the goal tree at many locations and a

sample model will be presented later. The need
for particularized decisions becomes apparent in
areas of high population density during incle-
ment weather, when the road network cannot ac-
commodate a full scale evacuation or when the
presence of water bodies and terrain features
could force some evacuees to travel through the
radioactive plume.

The role of evacuation, sheltering, use of
blocking agents and the output of the decision
model can be modified to account for an addi-
tional success path under certain circumstances.
A controlled release (note the conditional dis-
played in Tree 9) is defined as one that can be
reduced in emission rate or terminated for a
period of time, or permanently. Consider a
situation where the containment building con-
tains substantial airborne radioactivity and the
pressure is rising but has not yet reached an
unsafe level. Plant authorities may wish to
vent the containment to prevent its rupture. If
the wind direction is shifting away from popula-
tion centers, the decision may be made to wait,
if possible, until the wind shift occurs. If
the wind is steady, the decision may be made to
evacuate in the direction of the wind but to
hold off completely or vent slowly until the
evacuation is well underway or until the public
can be safely sheltered.

The other extreme of a controlled release
is the situation that existed in the TMI-2 con-
tainment after the plant was under control. The
containment pressure level was safe but venting
was necessary. Radioactivity was released at a
well-controlled rate during optimal meteorolog-
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leal conditions tc maintain acceptably small

levels of radioactivity in the environment.

Evacuation, sheltering, or use of blocking

agents were noc required.

Tree 10 provides the elements common co

successful evacuation and sheltering. Lower

levels of the tree (noc shown) identify and

specify the specific tasks/facilities/equipment

needed to achieve each goal. Tree 1L is a

similar structure for administering blocking

agencs. Tree 12 applies to a controlled re-

lease. By Release Mechanism Insured we mean

that the venting aperature will function proper-

ly. It is evident that lower levels of this

tree are intimately linked to knowledge of plant

status and other emergency response neasures.

2. Control Chronic Exposure Pathways.

This function is accomplished by Interdiction as

noted on Tree 9. Again, an Information System/

PUBLIC IS
EVACUATED/SHELTERED

IN A SAFE AND
TIMELY MANNER

1
PUBLIC

NOTIFIED IN A
TIMELY MANNER

rY
PUBLIC RESPONDS
IN A SAFE AND
TIMELY MANNER

1
ADEQUATE

FACILITIES/EOUIPHENT
AVAILABLE

d d
0FFICIALS/T6AMS
NOTIFIED OF
RECOMMENDED
ACTIONS

RECOMMENDED
ACTIONS

COMMUNICATED
TO PUBLIC

1
i .

PUBLIC AWARE OF
PURPOSE OF ACTION
AND IMPLEMENTATION

PROCEDURES

1

ADEQUATE
SUPPORT
SERVICES
AVAILABLE

ADEQUATE
SUPPORT

FACILITIES
AVAILABLE

0
1

ADEQUATE
FOOD AND
SHELTER

AVAILABLE

BLOCKINB AOENTS CKI)
ARE ADMINISTERED IN
A SAFE MO TIMELY

MANNER

PUBLIC
NOTIFIED IN A
TIMELY MANNER

Kl SUPPLY IS
AVAILABLE FOR
DISTRIBUTION

OFFICIALS/TEAMS
NOTIFIED OF

RECOMMENDED ACTIONS

RECOMMENDED
ACTIONS COMMUNICATED

TO PUBLIC

ADEQUATE
LOCAL SUPPLY
AVAILABLE

SUPPLY MADE
AVAILABLE AT

TIME OF INCIDENT

KI DISTRIBUTED
WITHIN AFFECTED

AREA

d
KI
DOSE

RECEIVED

Q.
_L

PUBLIC AHARE O f H
PURPOSE OF ACTION
AND IMPLEMENTATION

PROCEDURE

KI PROPERLY
IMESTED OR'
ADMINISTERED

ADEQUATE DISTRIBUTION
FACILITIES/EOUIPMENT

AVAILABLE

AOCQUATE SUPPORT
SERVICES
AVAILABLE

CONTAINMENT
BOUNDARY CAN BE

INSURED FOR REQUISITE
TIME PERIOD

RADIOACTIVE
EMISSIONS ARE
CONTROLLED OR
TERMINATED

RELEASED
MECHANISM
INSURED

RATE AKI TINE
PERIOD OF RELEASE ARE
COORDINATED WITH OTHER
MITISATINS ACTIONS



205

Decision Model impacts the tree. This model
uses weather and monitoring data and analytical
predictions to locate contaminated areas and to
determine the proper course of action. Lower
levels of this tree are specified in Trees 13
and 14. Again, the success paths (not shown)
specify the specific means to accomplish each
goal.

V. OTHER FUNCTIONS

A. Prevention of Psychological Stress.
It is not our intention to imply that

the utility is responsible for the psychological
well being of the public. Rather, we note that
the probability of success is enhanced when
panic is avoided and the public demonstrates a
cooperative spirit. It is evident from Tree 15
that this is accomplished through education, by
competent response efforts and by accurate and
timely dissemination of information. In other
words, this function is satisfied by a success-
ful plan.

B. Human Casualty Control.
Tree 1 reveals that consideration of

conventional, chemical and radiological issues
for both onsite and offsite areas involves five
separate functions to accomplish this goal. All
have a similar top tree structure. This is
shown in Tree 16. At lower levels of the tree
(not shown), detailed success paths for each
have been developed. Except for degree of in-
jury/overexposure, onsite and offsite considera-
tions are similar. The success oaths give the

means by which casualties are identified and
diagnosed, first aid is administered and subse-
quent treatment is obtained. Transportation
considerations include use of road, air and
possibly marine transportation, depending upon
the site. Specific treatment facilities are
Identified. Alternate success paths include
facilities committed in advance and at the time
of the incident.

r. Property Damage Prevention.
The functions/success paths which in-

sure that property damage is prevented have many
elements in common with those which insure the
prevention of human injury. While certain tasks
are specific to damage prevention others will be
Implemented by the same teams responsible for
human safety. These latter tasks are included
in the property tret for completeness and to
emphasize to implementers the dual nature of
their responsibilities. The top tree structure
for conventional property damage prevention is
given In Tree 17. It applies (in turn) both
onsite and offsite. That for onsite chemical
property damage prevention is given in Tree 18.
Structures for radiological damage prevention
are not given. These have not been developed in
detail since the requisite subfunctions are
intimately linked to termination of the inci-
dent. The offsite branch of this tree does
contain provisions for sheltering of farm ani-
mals and the like.

D. Property Damage Control
This function is concerned with the
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mitigation of property damage caused by the
incident, the initiating event and emergency
response actions. During the actual emergency,
the subfunctions which satisfy conventional
property damage control (Tree 19) are concerned
with controlling fires and securing areas to
prevent further damage. The subfunction dealing
with other initiators is taken to include damage
to structures caused as a result of emergency
response actions. A separate subfunction deals
with damaged equipment (e.g., motor vehicles)
that must be moved to prevent interference with
other emergency actions. Subfunctions which
deal with the restoration of conventionally
damaged property have not been developed since
this is usually not the responsibility of emer-
gency plan Implementers.

The radiological (onsite and offsite) and
onsite chemical property damage control func-
tions are concerned with decontamination and/or

disposal of contaminated materials and property.
Their common top structure is shown in Tree 20.
The need for an Information System/Decision
Model to locate contaminated areas and determine
the proper course of action is noted. Of course
the success paths for radiological and chemical
decontamination are quite different.

VI. DISCUSSION

A. Task Implementation/Institutional Activ-
ities.
The lowest levels of the goal tree

detail the specific tasks that must be implemen-
ted and the mechanisms for their accomplishment.
Figure 2 illustrates the elements common to
implementation of many tasks. It is at this
level that institutional activities have their
greatest impact on the tree. Table 1 gives the
institutional activities that insure successful
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IS PREVENTED

LOOTING AND
RI0TIN6 ARE
PREVENTED

FIRST AID
ADMINISTERED
CAS NEEDED)

6
EXTENT OF

INJURIES/DOSE
DETERMINED

FACILITY
AVAILABLE

FIRST AID
PROPERLY
APPLIED

VICTIM
MOVED TO
SAFE AREA

DAMAGE TO
ESSENTIAL EOUIPHENT

IS PREVENTED

VICTIM TRANSPORTED TO
MEDICAL/TREATMENT

FACILITY

TRANSPORTATION
AVAILABLE

VICTIM
DELIVERED
TO VEHICLE

ONSITE
CHEMICAL

PROPERTY DAMASE
PREVENTION

CHEMICAL
STILL* ARE
CONTAINED

HITltATE
EFFECTS OF

TOXIC/CORROSIVE
FUMES

CONVENTIONAL
PROPERTY DAMASE

CONTROL

FIRE
EXISTS

FIRES
ARE CONTROLLED

AND DAMA9ED AREAS
ARE SECURED

DAMMED EOUIPHENT
HAMPEftMB RESPONSE
ACTIONS IS REMOVED
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RADIOLOGICAL/CHEMICAL
PROPERTY DAMAGE

CONTROL

METHOD IS
DEVISED FOR
CLEANUP OF

CONTAMINATED AREA

AFFECTED AREAS
ARE

DECONTAMINATED

/DECONTAHINATIO

CONTAHINATED
MATERIALS ARC

DISPOSED OF
H W K S L Y

•CLEANLINESS' OF
DECONTAMINATED

AREA I S CERTIFIED

RESPONSIBLE
AUTHORITY
rMTIFIED

TEAM
NOTIFIED

TEAM
AVAILABLE

TEAM
RESPONDS

TEAM
EXECUTES

TASKS

RESPONSIBLE AUTHORITY IDENTIFIED
COMUNICATIONS AVAILABLE

TEAM IDENTIFIED
TEAM LOCATION KNOWN
COMMUNICATIONS AVAILABLE

NO HIGHER PRIORITY EXISTS

TRANSPORTATION EQUIPMENT AVAILABLE
TRANSPORTATION ROUTES AVAILABLE
AREA ACCESSIBLE

TEAM ADEQUATELY TRAINED
REQUISITE EQUIPMENT AVAILABLE

Figure 2 - Elements Common to Task
Implementation

task performance.

B. Information System/Decision Model.
Figure 3 illustrates a typical Informa-

tion System/Decision Model to aid in the control
of acute exposure pathways (Section IV.B.I and
Tree 9). The decision model considers the avail-
ability of specific success paths at a particu-
lar time. For instance, the evacuation success
path would not be available to al l if certain
roads were not passable. The adequacy of such a
model is crucial to the success of the entire
emergency plan. The model itself can be classi-
fied according to a functional/goal tree struc-
ture. The need for institutional activities in
support of the Information System/Decision Model
is apparent. Other information systems which
enter the tree have many elements in common with
that of Figure 3.

C. Tree Quantification.
The very nature of emergency response

defies quantification since there is no clearly

Table 1

Institutional Activities for Task Performance

1. Task Implementation Requirements
A. Task Designation
B. Implementation Procedures
C. Auxiliary Procedures

(Communications, Notification, Assem-
bly)

D. Training
(Programs and Exercises)

2. Equipment Requirements
A. Task Specific Equipment/Facilities

1. Specification and Procurement
2. Storage, Installation or Construc-

tion
3. Maintenance

B. Peripheral Equipment
(Communications and Transportation)
See 2.A.I to 2.A.3

3. Disseminate Information to Users
A. Identification of Responsible Authorities

and How to Contact Them
B. Notification and Response Procedures
C. Equipment/Facility Availability and Lo-

cation

TO F1MCT1OW. THEE

Figure 3 - Information System/Decision
Model for Control of Acute
Exposure Pathways
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defined measure of overall success. However, it
is possible to define quantitative measures of
success at lower levels of the tree to test
alternate success paths. For instance, a mea-
sure of success for the subfunction Control
Acute Exposure Pathways (Tree 9) can be the
total or maximum dose to the population for a
given accident scenario. Consequence models
such as CRAC and CRACIT can thus be employed to
test alternate sheltering, evacuation and con-
trolled release strategies. Proposed modifica-
tions in the Information System/Decision Model
and the success paths can thereby be assessed.
For instance, different evacuation paths, speed
and distance scenarios can be considered. The
impact of decision time can be related to war-
ning and delay time.

D. Summary.
A goal oriented tree structure has been

developed which provides a clear visual
representation of the functions that must be
performed to insure successful emergency pre-
paredness. In addition to employing it as a
training tool, the structure has several other
potential uses. For instance, the particular
information needs, Implementation procedures and
regulations which apply to each success path can
be noted on the tree to provide a contextual
overview of their importance. The adequacy of
present capabilities can thereby be assessed.
The tree structure can be customized to meet
specific needs. Success paths that are not
relevant at a particular site can be deleted.
Civilian authorities and planners can delete
onsite functions and those only responsible for
onsite measures can remove the offsite func-
tions.
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Results of the Early NRC Analyses of the Radiological
Monitoring Data from the Chernobyl Accident

Rosemary Hogan and Thomas McKenna

ABSTRACT: This paper describes the work of
one group of the NRC task force for the
Chernobyl accident during the first two
weeks following the accident. This group
focused on organizing the available environ-
mental measurement data into a data base
which could be used to gain insights into
the consequence throughout Europe and the
scope of accident.

The Nuclear Regulatory Commission's
Incident Response Branch, maintains an
Operations Center in Bethesda to be used
during a nuclear emergency involving any
of its licensees, especially the nuclear
power reactors. When news of the accident
at the Soviet Union's Chernobyl Nuclear
Power Plant reached the NPX, it was immedi-
ately realized that information, explana-
tions and assessments would be requested
from the NRC by many sources including
Congress, the media and other Federal
agencies. It was apparent that the NRC
must be prepared to respond to these queries
within a short time period. Since the
Operations Center is designed to be used
for this kind of situation, it was an
obvious decision to activate the Center
and perform the necessary monitoring and
assessment activities using our emergency
procedures which were already in place.
This paper contains the assessment of
the environmental data from the accident
which was prepared for an immediate response
to requests for information. As expected,
the staff was asked to brief the ACRS, the
Commissioners and Congressional subcommittees.
Within about ten days after activating the
emergency organization, the task group was
able to provide an analysis of the first
eight days data.

This report contains that early analysis.
After their report was prepared, that part
of the task group was dissolved and no further
refinements of the data or computer analyses
have been performed since then.

On April 26, 1986, the fourth unit of
the Soviet Union's Chernobyl Nuclear Power
Plant experienced a severe accident that re-

leased a large quantity of radioactivity to
the environment. The first evidence of this
accident appeared in Sweden during routine
radiological monitoring on April 28. The
elevated readings were first attributed to
a Swedish source. However, further investi-
gation indicated that the source was some-
where in the Soviet Union.

With the world alerted to these ele-
vated radioactivity levels, Soviet officials
acknowledged the accident and confirmed the
release of radioactive material from the
reactor. Increased radiological monitoring
by many countries around the world produced
large amounts of environmental data that
could be used for protective action consi-
derations by potentially affected countries.
These results also could be used to better
understand the accident because little in-
formation on the accident scenario and source
term was available for the first several days
after the accident.

A task force was formed at the U. S.
Nuclear Regulatory Commission (NRC) in sup-
port of the Environmental Protection Agency
(EPA) to perform accident assessments and
project consequences. To accomplish these
tasks, information was requested from avai-
lable sources throughout the world. Most
of the information received was radiological
environmental monitoring data.

Radiological environmental monitoring
data were sent to the NRC from European coun-
tries beginning on April 29, 1986. The analy-
ses were performed by various state radiation
agencies and nuclear facilities. Early data
were received from the Scandinavian countries
followed by data from West Germany, Poland,
Romania, Hungary, Yugoslavia, Austria,
Belgium, and the Netherlands. Later, data
from Switzerland, England, Spain, Italy,
Korea, Japan, Canada, Israel, and the United
States were obtained. Data continually
received from the Scandinavian countries
and Eastern Europe during the days following
the accident provided a picture of radiation
levels over time. Although data are still
being provided, this report contains only
reports received by NRC between April 28 and
May 9, 1986.
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Samples of air, drinking water, milk,
rain water, human food, and a-Kimal feed were
analyzed by the various countries for radio-
activity concentration. Ground contamination
values also were provided. Although gross
measurements and complete radioisotopic
analyses were provided for this report, the
data used were primarily limited to the
iodine-131, cesium-134, and cesium-137 re-
sults.

The data were first reviewed .to identify
measurements that were candidates for consi-
deration in the analysis. The team reviewed
approximately 5000 measurements. Those mea-
surements that were of interest and appeared
to be complete were selected for further analy-
sis. The data were entered on computer forms
and then formatted into a data base. For
each reported result, information was included
on the source document, city, country, lon-
gitude, latitude, date and time of sampling,
and the isotope. Any results that did not
include this essential information were re-
jected from the data base. To simplify the
data base, all human food and animal feed
results were entered as forage. The results
were entered in the reporting units as they
we"e received on the original source document.

Once entered, the data were verified
against the raw data. Additional reviews
were performed to ensure that the longitude
and latitude were consistent for each city
or region and that the reporting units for
each sample matrix were appropriate. Con-
version factors were used to convert all
the data to standard units of picocuries
per liter (pCi/1), kilogram (kg), cubic
meter (m 3), or square meter (m2). The data
were then sorted from lowest to highest value
by sample matrix. The highest and lowest
measurements were checked for "reasonable-
ness" based on location and date. About
1000 field measurements remained in the data
base after all the edits were performed.

Any conclusions derived from this analysis
must consider the quality of the data. With
very few exceptions, the data were received
without information on the sensitivity of
the measurements or the propagated error
of the analyses. Without this information,
all data were necessarily treated equally.
In addition, some data were received in
English directly from the organization
performing the analyses. These data were
readily understood and there was some confi-
dence in the validity of the results. There
was less confidence in data that may have
been recorded by personnel who were unfami-
liar with radiological nomenclature and the
parameters nscessary for interpretation. For
example, some reports listed results of radio-
activity without indicating whether the results
were gross beta, gross gamma, or a specific
radionuclide. Some data failed to indicate
the city within the country or the English
translation of the city name, thereby making
it difficult to locate the city name on a map.
Some data were not fully translated. As a
result of the unknown quality of the data,
the analysis w?s performed with all data

treated equally and with the understanding
that the conclusions should not be considered
quantitative but rather would indicate rela-
tive trends during the time of interest.

The results were searched and the max-
imum daily concentration for ground deposi-
tion (pCi/m2), forage (pCi/kg), milk (pCi/1),
rain (pCi/1), water (pCi/1), and air (pCi/m3)
were selected for each 2° square of latitude
and longitude. These values were compared
with the baseline concentrations given 1n
Table 1. The highe'st ratio of baseline value
to measured result was calculated.

The baseline value for air is the calcu-
lated concentration in air that would result
in exceeding 1.5 rem [U. S. Food and Drug
Administration (FDA) preventive action Protec-
tive Action Guide (PAG) basis] to the child
thyroid in 5 days based on the assumptions
in NRC Regulatory Guide 1.109.

The FDA has issued recommendations* for
State and local agencies In the event of acci-
dental radioactive contamination of human
food and animal feed. These recommendations
or guidelines are projected doses at which
responsible officials should take protective
actions. There are two levels of guidelines
included in the recommendations. The emer-
gency PAG should trigger isolation of food
to prevent its introduction to the public,
even 1f the impact of such actions is signi-
ficant. These drastic measures are justified
because of the high projected health ha-ards.
The preventive PAG should trigger actions on
the part of the State or local officials only
if there would be minimal impact.

The preventive PAGs are much lower pro-
jected doses that do not represent significant
health hazard. These more conservative PAGs
were used as the baseline values in the
analysis of the environmental data from the
Chernobyl accident. The preventive PAG Is
1.5 rent projected dose commitment to the
thyroid or 0.5 rem projected dose commitment
to the whole body, bone marrow, or any other
organ. The FDA has derived specific radio-
nuclide concentrations for area deposition,
forage, and milk that are equivalent to the
projected dose commitment PAGs. The radio-
nuclide concentrations or "response levels"
were calculated used the total intake of the
PAG (1.5 rem), the average dally consumption
of specified foods, and the days of intake
of the contaminated food. Response levels,
measured in units of radionuclide concentra-
tions, provide a convenient value for State
and local officials to make protective
action decisions.

The baseline values used for ground, milk,
and forage are the FDA response ?vsls for
preventive PAGs. The rain and water baseline
values used are the same as the FDA PAG for

* Federal Register Notice 47 FR 47073,
October 22, 1982, "FDA Accident Conta-
mination of Human Food and Animal Feeds;
Recommendations for State and Local
Agencies."
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milk. Obviously, this is not valid for most
areas because humans do not consume rain water
directly.

To show when and where the baseline values
in Table 1 (preventive PAGs) had been exceeded,
the highest daily measurement in each country
was determined. Three ranges were shown on
maps (1) those that exceeded the baselines,
(2) those within 50% of the baselines, and
(3) those below the baseline.

The measurements used to characterize a
country were validated by assuring that there
were other measurements that would place a
country in the same category or other measure-
ments that were within a large fraction of the
highest value. For countries with only one
measurement, this measurement was compared
with those from nearby countries for reason-
ableness.

The single measurements were used to
characterize an entire country, because of
when displayed on a global scale the limited
number of actual measurement locations did
not provide an effective briefing tool.

Examples of the resulting maps for April
29, May 1 and May 4 are shown in figures 1,
2, and 3.

If there were no data from a country for
a particular day, the map indicates no mark-
ings. By following the maps by day, a general
pattern where preventive actions would be con-
sidered is evident. It is interesting to note
that in the early days after the accident, the
air and rain PAGs were approached or exceeded.
With the passage of time and distance from the

accidents, the PAGs were exceeded in forage
and ground. Milk results appeared as the high-
est measurement in Sweden on May 3, in
Yugoslavia on May 5, and Switzerland on May 6.

The NRC staff also examined ground conta-
mination for long-lived isotopes of cesium-134
(2.1 years) and cesium-137 (30.2 years). This
(night provide insight into the extent of pos-
sible long-term prob'oms with agriculture.
The data base contained only 28 locations with
reported levels of ground contamination for
cesium-134 or cesium-137. Only one location
reported levels above the preventive PAG
for ground contamination; all other locations
reported levels less than one tenth of the
PAGs.

Although data were not available from
all countries, for all days and for all sample
media, the available radiological measurements
provided a general pattern of contamination
that would affect the ingestion pathway. The
maps show the extend and general movement pat-
terns of the contamination at a level of detail
consistent with the data. However, due to
limitation of the data discussed in the paper,
the staff always took care to assure each
audience was aware of the limitations of the
data.

Despite the incomplete data and the un-
known quality of the data, sufficient infor-
mation was available to characterize the level
and scope of radiological contamination from
the accident at the Chernobyl Nuclear Power
Plant beyond the Soviet Union.

Table 1 Baseline values

Matrix Units

Ground deposition

Forage

Milk

Water

Rain water

Air*

Unit of
Measure

pCi/m2

pCi/kg

pCi/1

pCi/1

pCi/1

pCi/m3

1-131

1.3X105

5.X104

1.5X10*

1.5X10*

1.5X10*

7X10J

Cs-134

2X1C6

8.X105

1.5X105

1.5X106

1.5X105

-

Cs-137

3X1O6

1.3X105

2.4X105

2.4X105

2.4X105

-

"All values except air are based on FDA preventive PAG response levels.
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ARAC: A Centralized Computer-Assisted Emergency
Planning, Response, and Assessment System for

Atmospheric Releases of Toxic Material
M. H. Dickerson and J. B. Knox

ABSTRACT The Atmospheric Release Advisory Ca-
pability (ARAC) is an emergency planning, response,
and assessment service, developed by the U. S. Depart-
ments of Energy and Defense, and focused, thus far, on
atmospheric releases of nuclear material. For the past
14 years ARAC has responded to over 150 accidents,
potential accidents, and major exercises. The most no-
table accident responses are the COSMOS 954 reentry,
the Three Mile Island (TMI-2) accident and subsequent
purge of 85Kr from the containment vessel, the recent
UF6 accident at the Kerr-McGee Plant, Gore, Okla-
homa, and the Chernobyl nuclear reactor accident in
the Soviet Union. Based on experience in the area of
emergency response, developed during the past 14 years,
this paper describes the cost effectiveness and other ad-
vantages of a centralized emergency planning, response,
and assessment service for atmospheric releases of nu-
clear material.

I. INTRODUCTION
The Atmospheric Release Advisory Capability

(ARAC), (Dickerson et al., 1985) has developed over
the past 14 years from merely a concept in 1972 to its
present role as a federal emergency planning, response,
and assessment resource. From the beginning, ARAC
was designed to be a centralized resource of a highly
trained and specialized staff devoted to all aspects of
emergency response, and to reduce duplication of capa-
bilities, software development, and maintenance. This
concept was not intended to replace local functions or
responsibilities; in fact, it was designed to compliment
and enhance local emergency response capabilities of
individual nuclear facilities.

During the development and implementation of
ARAC, the Department of Energy (DOE) and Depart-
ment of Defense (DOD) have been major supporters

and users of the service. Presently there are approxi-
mately 50 DOE and DOD facilities connected directly to
ARAC, each having on-line databases for terrain, geog-
raphy, and meteorological measurement locations perti-
nent to their own facility. In addition to these facilities,
ARAC supports the DOE response to any nuclear event
capable of releasing radionuclides into the atmosphere,
the Nuclear Regularatory Commission (NRC) response
to nuclear power plant accidents, the Federal Aviation
Administration (FAA) response to incidents in which
aircraft might intercept radioactive material, and the
Environmental Protection Agency (EPA) response! to
incidents in which radioactive material has left or might,
leave facility boundaries.

Advantages of a centralized emergency planning, re-
sponse, and assessment system are that it:

• Avoids duplication of resources, and provides a
state-of-the-art, proven response capability;

• Provides experienced staff devoted to emergency
preparedness, response, and assessment;

• Is cost effective when applied to a large num-
ber of nuclear facilities and integrated into the
federal emergency preparedness programs;

• Provides a standard (or criterion) for emergency
response assessments while maintaining flexi-
bility to meet site-specific and agency require-
ments;

• Focuses research and development on timely
improvement and evaluation of emergency re-
sponse resources; and

• Applies integrated research and development re-
sources to specialized emergency response re-
quirements in real-time, e.g., Cosmos 954, TMI,
Gore, (Oklahoma), aSd Chernobyl events.

On the other hand, the disadvantages of a centralized
system are that it:

• Is cost effective only when applied to a broad
base of nuclear facility and federal agency re-
quirements;
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• Can be viewed by local authorities as a "threat"
to their capabilities and responsibilities; and

• Can be viewed by local authorities as a mecha-
nism for reducing or eliminating their responsi-
bilities.

During the development and implementation phases
of ARAC, a balance between the advantages and disad-
vantages of a centralized system has emerged. As stated
earlier, ARAC now serves as a national emergency re-
sponse resource for several federal agencies. It has de-
veloped an extensive background in emergency response
by responding to over 150 accidents, potential accidents,
and major exercises. The most notable ARAC responses
are:

• Savannah River Plant (SRP) Tritium Release,
1974
Train accident involving UFg, 1976
Chinese 200 kt and 4 mt atmospheric tests, 1978
COSMOS 954 reentry, 1978
TMI Nuclear Power Plant accident, 1979
Titan II accident, 1980"
SRP H2S leak and transfer, 1981*
Ginna Nuclear Power Plant accident, 1982
Gore, Oklahoma, UF6 accident, 1986"
Chernobyl USSR Nuclear Power Plant accident,
1986

The remainder of this paper will discuss the role
research and development has played in responding to
accidents, both in real-time and in the model evaluation
area—two significant attributes of a research and devel-
opment group co-joceted with an operational emergency
response center. f

II. RESEARCH) CONTRIBUTIONS TO REAL-
TIME EMERGENCY RESPONSES

The various roles ARAC played during and after
the TMI accident response provide an excellent basis
for describing how the system is used, and the value of
closely associated research and development. The five
basic roles ARAC filled during and after the accident
are that it:

• Provided guidance on deployment of radiological
measurement systems;

• Helped interpret surface and airborne radiolog-
ical measurements,

• Estimated the 133Xe source term;
• Provided guidance to the FAA for air traffic

safety in and out of the Harrisburg airport; and
• Estimated total population dose for the Presi-

dent's Commission on TMI.
A few of these roles, such as advising the mea-

surement teams and the FAA, were relatively straight-
forward. Estimating the source term and modifying
the MATHEW/ADPIC (Sherman, 1978; Lange, 1978a)
models to estimate "man-rem" for the President's Com-
mission required model modifications and interpreta-
tions of data by the research staff. To estimate the
source term required a knowledge of both the response

* Toxic Chemical Releases

function of the instruments used in the aircraft to mea-
sure the 133X, and of the characteristics of the ADPIC
transport and diffusion estimates, which use particles to
simulate radioactivity. This coupling of information led
to estimates of the source term that were made avail-
able during the first four days of the accident. Later a
comparison of the model calculated source term with a
source term estimate provided by the President's Com-
mission showed agreement within a factor of two to
three.

During the ARAC response to the Soviet Cosmos
954 satellite reentry into Canada, the ARAC research
team was able to modify a nuclear weapons fallout
model (KDFOC2) (Serduke, 1978) so that it could be
used to simulate the depositional "footprint" of radioac-
tive particles generated with varying densities at alti-
tudes between 20 and 60 km. These "footprint" simu-
lations, together with the ground measurements, were
used to define and to limit the search areas to manage-
able sizes. For this event, ARAC also provided guidance
on the appropriate time and positioning for launching
a balloon-borne measurement system into the strato-
sphere to observe the amount of fine particulate mate-
rial (i.e., the material that remained for months in the
stratospheric circulation regime). This guidance served
to eliminate costly and prematurely arranged balloon
flights when the regularly scheduled future flights would
provide the required concentration measurements.

For the UFg release at the Gore, Oklahoma facil-
ity of Kerr McGee, the ARAC research team worked
with LLNL chemists, Oak Ridge National Laboratory,
and the Atmospheric Turbulence Diffusion Division
(NOAA) scientists to define the chemical and physi-
cal characteristics of the source term and the dispersion
processes. These input data were used to define and
parameterize the amount of HF and UQ2F2 released in
the process, the cloud rise due to exothermic reactions,
and the particle size attributed to the UO2F2. Without
this research support, the ARAC response to this acci-
dent would not have been as timely and useful as it was
to the NRC on-site assessment team.

The Chernobyl accident, because of its magnitude
and limited information, has provided the largest chal-
lenge to date for the ARAC research and development
team. The team was "called on" to (1) expand the
MATHEW/ADPIC grid from a horizonal size of 200 x
200 km to 1920 x 1920 km, (2) estimate the vertical
extent, time history, and magnitude of the source, and
(3) retrieve a global particle-in-cell model (PATRIC),
(Lange, 1978b) which was originally developed for esti-
mating transport and diffusion in the stratosphere, from
6 years of storage and modify the model to simulate the
upper level (tropospheric) release created by the initial
explosion and fire at Chernobyl.

The first part of the MATHEW/ADPIC calculation
covered a 200 x 200 km region centered on the Cher-
nobyl reactor site (Figure la); it became apparent that
this calculation was insufficient to answer the questions
arising from the spread of radioactivity across the So-
viet boundaries into the rest of Europe. Thus, the first
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Figur| 1. The calculational grids used for the MATHEW/ADPIC models: a)
the calculated infant thyroid dose due to 1:"I inhalation for a six-hour period on
29 April sjiown on a 60 km expanded subregion of the 200 km grid; b) the final
1920 x l{̂ 20 km grid (48 km cells) with the nested subgrids (3 km, 6 km, 12 km,
and 24 km cells) outlined pud the initial grid (200 x 200 km) shaded.

MATHEW/ADPIC modeling effort was terminated, as
part of our ARAC response, and a second, larger-scale
simulation was initiated, covering the largest area pos-
sible within the limitations of the model and available
computer resources.

The MATHEW/ADPIC grid chosen was 1920 km
on a side, and extended 2100 m vertically. The horizon-
tal grid mesh was 48 km and the vertical grid spacing
was 150 m. This particular grid size was chosen because
it represented the largest grid that could be used for the
MATHEW/ADPIC models without a major revision of
the computer codes. In addition, this grid allowed for
coverage of a reasonably sized area of interest for the
initial dose and deposition calculations. In Figure lb, a
nested SP ^ling grid is shown around the source (Cher-
nobyl) for horizontal cell sizes of 3 km, 6 km, 12 km,
and 24 km, respectively. These nested grids were used
to sample the particles that produced surface air con-

centration and ground deposition estimates near the re-
actor site.

The source term for the reactor accident was di-
vided into two parts, a lower and an tipper cloud. The
lower cloud was assumed to be produced over a period
of six days as a result of heat from the burning reac-
tor. The upper cloud was assumed to be produced by
one or more of the following: explosions followed by a
hot fire for several hours, convective activity near the
Chernobyl reactor site associated with thunderstorms,
or lifting over a warm front located between Chernobyl
and the Baltic Sea. One major part of the ARAC effort
during the first two weeks following the accident was as-
sociated with the determination of a lower level source
term and the associated consequences.

Employing both the grid shown in Figure lb and the
initial source estimate derived from the environmental
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Figure 2. Depictions of the vertical distribution of source material (explosion and
fire cloud): a) average distribution as used in the ADPIC calculations; b) the night
and c) day, respectively, vertical distributions calculated with a non-hydrostatic cloud
model.

measurements of 137Cs and 13II in Scandinavia and Eu-
rope, the MATHEW/ADPIC model was used to refine
initial estimates of the iow level source term for the first
six days of the accident. Providing a reasonable descrip-
tion of this source term required a vertical distribution
of the radioactivity, as well as a time dependence of the
release.

Figure 2a shows the vertical distribution of mate-
rial used to define the lower level source term in the
MATHEW/ADPIC calculations. This estimate was
based on prior experience simulating heated plumes
within air masses—air masses which contained verti-
cal temperature distributions sl-nilar to those shown by
vertical atmospheric soundings near Chernobyl. Eighty
per cent (80%) of the released material was assumed to
reside between 1000 m and 1500 m, with the remain-
ing 20% located between the surface and 1000 m. The
maximum concentration was at 1000 m.

Toward the end of the two-week period immediately
following the accident, the vertical distribution of the
low level source term was quantitatively estimated by a
two-dimensional, high resolution, non-hydrostatic cloud
model. This model was originally developed to simulate
thunderstorms but, more recently, has been applied to
simulate plumes of smoke induced by large-scale urban
fires. The estimated source strength for the model cal-
culations was 62 megawatts, about the resident heat en-
ergy expected from the shut-down of a 3200 mw thermal
reactor. Figures 2b and 2c show the vertical distribution
of material, calculated by this model, for both night-
time and daytime atmospheric soundings taken near
the Chernobyl reactor site near the time of the acci-
dent. During the nighttime (Figure 2b), the model esti-
mated that 80% of the material was contained between
600 m and 1000 m. The remaining 20% of the material
was located between 100 m and 600 m with the maxi-
mum concentration located at 500 m. For the daytime
(Figure 2c), 80% of the material was determined to be
between 800 m and 2100 m, with the remaining 20%
between 100 m and 800 m. The maximum value for

this case was at 1300 m. Differences between dose and
deposition estimates, based on the distribution of ma-
terial in the original source term estimate (Figure 2a)
and the non-hydrostatic model estimate (Figures 2b,
2c), would not be large, particularly at distances of sev-
eral hundred kilometers and beyond. For this reason,
the dose and deposition estimates were not recalculated
using the quantitatively-modeled vertical distributions
of material (Figure 2).

From the PATRIC hemispheric scale model cal-
culations, it rapidly became apparent that some ra-
dioactive material was convected or lofted (or both)
to much higher altitudes than that assumed for the
MATHEW/ADPIC calculations (described above). A
series cf calculations with material placed at 2500, 4200,
and 5500 m failed to transport contamination to Japan
and North America even close to the recorded arrival
times—if at all. While limitations of the model re-
duce some of the precision desired, it presently ap-
pears that at least some material had to be injected
to altitudes above 5500 m in order to account for air-
borne air concentration and surface rainwater and milk
measurements of the radioactivity in Japan and the
USA. Original estimates of dose and deposition from
I31I and 137Cs, made during the first 3 weeks of the
accident, for eastern and western Europe using the
MATHEW/ADPIC model and global estimates of dis-
persion with the PATRIC model, are reported by Dick-
erson and Sullivan, 1986. Further refinements of these
estimates have recently been reported by Gudiksen and
Lange, 1986.

III. MODEL EVALUATION STUDIES

One of the most significant continuing research and
development efforts has been in th» area of model eval-
uation and improvement. Over the past several years,
better diffusion parameterizations utilizing space vary-
ing surface roughness heights, and the use of multiple
vertical wind .profiles and nested grids for better con-
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METEOROLOGY TRACER
EXPERIMENT TERRAIN STABILITY WINDSPEED MEASUREMENTS

(m/s) (km)

INEL 1971
SRP 1974
TMI 1980
ASCOT 1980
ASCOT 1981
EPRI 1981
SRP MATS 1983
MONTALTO 1983

ROLLING
ROLLING
ROLLING
COMPLEX
COMPLEX

FLAT
ROLLING
COASTAL

C
F-C
F-C
F-E
F-E
F A
D-B
C-B

2-6
1-4
1 4
0-4
0-4
1-5
1-8
1 6

7-80
3 30
40-60

1-8
1 10
1-50
~ 2 0
1-6

Table 1. Summary of MATHEW/ADPIC Model Evaluation Studies

centration estimates near the source point have con-
tributed to improving the MATHEW/ADPIC models.
Many of these improvements were designed and imple-
mented as a result of model evaluation studies which
were done to define the expected accuracy of the mod-
els under various terrain and meteorological situations.
Table 1 lists the evaluation studies conducted with the
MATHEW/ADPIC models during the past 12 years.
Contained in these studies are 26 individual experiments
conducted in 6 different geographical areas. They rep-
resent approximately 3000 tracer measurements span-
ning a wide variety of diffusion categories. (Dickerson
and Lange, 1986) The experiments shown in Table 1
utilized a multitude of tracers, including routine emis-
sions of 41Ar from the SRP nuclear reactors, the con-
trolled venting of 85Kr from the TMI containment, I31I
releases at the Idaho National Engineering Laboratory
(INEL), sulfur hexafluoride releases from the SRP, the
Monttslto, and Kinraid power plant sites, and perfluo-
rocarbon and heavy methane releases that were part of
the ASCOT experiments. The releases occurred from
the 62 m stacks at the SRP and TMI, and from the
187 m stack at the Kincaid power plant. The remain-
ing releases generally occurred near the surface, except
for one heavy methane tracer that was released at 60 m
during the 1980 ASCOT experiments, and one perfluo-
rocarbon tracer released in a cooling tower plume dur-
ing the 1981 ASCOT experiments. The duration of the
releases varied from 15 minutes to several hours. Exten-
sive surface sampling networks were employed in each
series of experiments. Maximum distances were 80 km
for the 1971 INEL studies, 50-60 km for the EPRI and
TMI studies, 30 km for the MATS experiments, 10 km
for the ASCOT experiments, and approximi tely 6 km
for the studies at Montalto, Italy. The experiments
were supported by a variety of surface and upper air
meteorological observations; data was provided by mea-
surements ranging from normal meteorological coverage
provided by the National Weather Service (NWS), to a
local site tower and an extra upper air sounding during
the TMI purge of 85Kr. Data were supplied by a wide
spectrum of measurement systems, including acoustic
sounders, tethersondes, rawinsondes, optical anemome-
ters, and towers that were an integral part of the AS-
COT experiments.

It is difficult to devise a statistical process that ad-
equately describes a model's performance when com-
pared to tracer field data, particularly when the field
data span a broad spectrum of release and sampling
times, sampling distances, terrain, and meteorology.
For example, the standard correlation coefficient is
used sometimes; however, one point at the high end
of the scale can influence the entire data set. Early
on, a rigid technique, but one considered a stan-
dard, was chosen for comparisons of tracer measure-
ments to the MATHEW/APDPIC model calculations.
A factor R is computed for each pair of measure-
ments (Cm) and model calculations (Cc) which repre-
sents the whole - number ratio between the two. For
each experiment the percent of comparisons within a
factor R are plotted as a function of R. The defi-
nition of R is R = (Cm + B)/(CC + B), except if
(R < 1,) then R = (Cc + B)/(Cm + B), and B is back-
ground.

Figure 3, based on the factor R, depicts a summary
of the performance of the MATHEW/APIC models to
date. The best simulation of the experimental data
is given by the upper curve, which is associated with
rolling terrain and near-surface tracer releases. The
most difficult simulation is associated with complex
terrain and elevated releases. Other situations provide
results that are intermediate to these curves. Hence, the
best results indicate that the calculated concentrations
are within a factor of 2 for 50% of the measured concen-
trations and within a factor of 5 for 75% of the compar-
isons. This performance degrades to 20% and 35% for
factors for 2 and 5, respectively, for the comparisons as-
sociated with elevated releases in complex terrain. This
degradation of results in complex terrain is due to a va-
riety of factors, such as the limited representativeness
of measurements in complex terrain, the limited spatial
resolution afforded by the models, and the turbulence
parameterizations used to derive the eddy diffusivities.

IV. FUTURE RESEARCH OPPORTUNITIES

The most significant improvement in emergency re-
sponse can be attained by the development and imple-
mentation of an operational mesoscale (out to 200 km)
time-dependent forecast model. Technology is available
today to develop a model that can be applied to a range
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Figure 3. Percent of computed air concentrations within
a factor R of measured values. The figure provides a mea-
sure of the spectrum of model evaluation results that span
from near-surface tracer releases in rolling terrain to elevated
releases in complex terrain.

of forecast problems and consequently would be uso-
ful (but not all inclusive) for emergency response pur-
poses. This is definitely a high pay-off, low risk area
of research and development. Chernobyl has shown the
value of having the capability of simulating rainout, in
the transport and diffusion models. The state-of-the-
science in this area has advanced to the point where
rainout is technically feasible to implement, although
additional research would be required to improve the
simulations and make them more realistic. A logisti-
cal problem remains which involves obtaining spacially
varying rainrate data, and providing a mechanism for
including these data directly into the transport-diffusion
models.

ARAC does provide a foundation for addressing
toxic chemical response as a centralized system; how-
ever, many more technical unknowns are involved in
dealing with toxic chemicals as opposed to radioactive
material. Also the frequency of accidents and the num-
ber of chemicals are considerably greater and the health
effects are known to a lesser degree than for nuclear ma-
terial. In general, toxic chemical releases can be divided
into four classes based on their physical and chemical re-
activity and their density with respect to density of the
ambient air. These 4 classes are: non-reactive chemi-
cal/ambient air density, non-reactive chemical/heavier-
than-air density, reactive chemical/ambient air density,
and reactive chemical/heavier-than-air density. Given a
toxic chemical release where the chemical is non-reactive
and whose density is approximately that of ambient air,
the MATHEW/ADPIC models would be expected to
perform as well as they do for nuclear material. If the
released material is non-reactive and heavier-than-air,
models are available to estimate consequences; however,
considerable effort would be required to place them in
an operational environment. (Gudiksen et al., 1986)

Chemically toxic releases that are both chemically
and physically reactive at the source point and dur-
ing the dispersion processes, would require a large re-
search effort before the environmental consequences can
be modeled with confidence. A joint research and de-
velopment and implementation effort is required before
ARAC or any other centralized or local emergency re-
sponse system can be expected to address a range of
accidental releases of toxic chemicals with any degree of
confidence.
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Digital Imagery Manipulation and Transmission for Emergency
Deployment Applications

C. A. Gladden and D. S. Phillipson

ABSTRACT The D i g i t a l I m a g e r y
Transmission System (DITS) was designed
as a replacement for the older slow-scan
s y s t e m . DITS i s an i n t e r a c t i v e
microcomputer graphics system capable of
d i g i t i z i n g maps or p h o t o g r a p h s .
D i g i t i z e d images are s tored on a l o c a l
area network f i l e server and can then be
distributed to other units on the system
or be transmit ted over a d i a l - g r a d e
phone l i n e to a remote s i t e where other
DITS termina l s e x i s t . A DITS terminal
c o n s i s t s o f an i n e x p e n s i v e
microcomputer, an o f f - t h e - s h e l f RGB
monitor and an e l ec tron ic drawing device
for enter ing o v e r l a y data. Hardcopy
p r i n t s can be o b t a i n e d in m i n u t e s .

Dur ing t h e mid 1 9 7 0 ' s , t h e
Department of Energy (DOE) recognized
the need for an emergency response team
to provide quick response to a v a r i e t y
of n u c l e a r - r e l a t e d emergencies . As a
r e s u l t , an emergency response team was
formed, and the t a s k undertaken to
assemble the necessary e x p e r t i s e and
hardware to support such a mandate. The
A e r i a l Measuring System (AMS) for
r a d i o a c t i v e mater ia l was a l ready in
existence and provided the core for the
new emergency response team.

Since the response would be to a
v a r i e t y of acc ident t y p e s , in of ten
unknown l o c a t i o n s , a method was badly
needed for moving v i s u a l information
such as maps and photographs over the
international d ia l telephone network. A
video compander (commonly known as slow
scan) sys tem was s e l e c t e d for t h i s
a p p l i c a t i o n , and whi le i t provided a
w e a l t h of i n f o r m a t i o n , i t a l s o had
s e v e r a l shortcomings. These problems
b a s i c a l l y i n v o l v e d the i n t e r a c t i v e
c a p a b i l i t y of a v a i l a b l e s low scan
equipment. While the video information

could be d i g i t i z e d , i t c o n s i s t e d of
o n l y one image, and no method was
readi ly a v a i l a b l e that would a l low the
add i t i on of m u l t i p l e l e v e l o v e r l a y
informat ion.

With the advent of the inexpensive
microcomputer, i t became p r a c t i c a l to
convert the maps to a d i g i t a l data base ,
g e n e r a t e t h e o v e r l a y i n f o r m a t i o n
e l e c t r o n i c a l l y , and to s i m u l t a n e o u s l y
implement the balance of the on-scene
commander's ' t a t u s information system
that had been in planning for s e v e r a l
years .

The D i g i t a l Imagery Transmission
System (DITS), as i t was f i n a l l y named,
i s composed of an assortment of standard
and s p e c i a l i z e d sof tware , a s e r i e s of
inexpens ive microcomputer*, moni tors ,
cameras, and a f i l e s e r v e r . A t y p i c a l
DITS t e r m i n a l c o n s i s t s o f t h e
microcomputer, a standard scan RGB video
m o n i t o r , and an e l e c t r o n i c drawing
d e v i c e for e n t e r i n g the o v e r l a y or
modification information. The system i s
packaged in the standard deployment
conta iners for easy movement into a
f i e l d environment.

Once the area of the emergency has
been de f ined , maps are procured and
d i g i t i z e d u s i n g the v i d e o camera.
Multiple images are d ig i t i zed and stored
in a contiguous data base on c common
system f i l e server. This map data base
i s then a v a i l a b l e to any terminal on the
system for v iewing and/or input t ing
o v e r l a y information such as r a d i a t i o n
c o n t a m i n a t i o n l e v e l s and l o c a t i o n s
( a c t u a l and p r o j e c t e d ) , p o p u l a t i o n
d i s t r i b u t i o n , m e a s u r e m e n t t eam
l o c a t i o n s , e v a c u a t i o n r o u t e s , e t c .
O v e r l a y s may be v i e w e d in f u l l
resolut ion or l /16th resolut ion to show
more than one at once.

A key s y s t e m f e a t u r e i s t h e
requirement for a l l o v e r l a y data or
m a n i p u l a t i o n s to be c e r t i f i e d at a
s ing l e s c i e n t i f i c control point prior to
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d i s t r i b u t i o n to any l o c a t i o n other than
t h e o r i g i n a t o r . Once the o v e r l a y data
h a s b e e n a d d e d t o t h e i m a g e and
v e r i f i e d , i t i s a v a i l a b l e for e l e c t r o n i c
d i s t r i b u t i o n to l o c a l and remote u s e r s
or f o r d u p l i c a t i o n as hard c o p y or
v i e w g r a p h s . In o r d e r t o m i n i m i z e
t r a n s m i s s i o n t i m e s , map d a t a b a s e
informat ion i s g e n e r a l l y on ly moved once
b e t w e e n the s t a t i o n s and common f i l e
s e r v e r . A f t e r w a r d s , o n l y o v e r l a y s or
m o d i f i c a t i o n s are t ransmi t ted and these
are compres sed to f u r t h e r enhance the
t r a n s f e r t i m e s . The t r a n s m i s s i o n t ime
of a complex o v e r l a y i s o n l y m i n u t e s
( t y p i c a l l y l e s s than 3) .

In a d d i t i o n to such f e a t u r e s as
"roam" and t w o - s t a g e "zoom", a w i d e
v a r i e t y of predef ined geometric p a t t e r n s
are a v a i l a b l e to the u s e r as an a i d in
c r e a t i n g o v e r l a y in format ion . Freehand
d r a w i n g i s a l s o a l l o w e d , and g r i d
p a t t e r n s w i t h d e f i n a b l e d i m e n s i o n s or
d i s t a n c e s a r e a v a i l a b l e t o p r o v i d e
ass i s t a n c e .

T h i s s y s t e m h a s b e e n t e s t e d
s u c c e s s f u l l y in s e v e r a l CONUS and OCONUS
l o c a t i o n s , u t i l i z i n g the I n t e r n a t i o n a l
Maritime S a t e l l i t e (INMARSAT) system and
t h e i n t e r n a t i o n a l d i a l t e l e p h o n e
n e t w o r k . G e n e r a l l y , the da ta may be
t r a n s f e r r e d u s i n g p r o p e r i n t e r f a c e
e q u i p m e n t a n d a n y v o i c e g r a d e
communications c i r c u i t . Data i n t e g r i t y
o v e r l o n g d i s t a n c e s i s i n s u r e d by f u l l
100 percent error c o r r e c t i n g modems and
t r a n s m i s s i o n so f tware .

Current ly a DITS image c o n s i s t s of
16 " s h o t s " (4 x 4) of the v i d e o camera
which are assembled by the computer i n t o
one l a r g e image ( 2 0 4 8 p i x e l s wide by
1920 p i x e l s h i g h ) . Any s e c t i o n , 512
p i x e l s wide by 480 p i x e l s h i g h , can be
viewed in f u l l r e s o l u t i o n , or the whole
image can be viewed in 1/16 r e s o l u t i o n .

The IBM c o m p a t i b l e computer used
f o r a DITS t e r m i n a l i s the AT&T 6 3 0 0 .
I t f e a t u r e s low c o s t , h i g h r e l i a b i l i t y
and f a s t o p e r a t i o n . The current drawing
d e v i c e i s a t h r e e b u t t o n "mouse" w i t h
p l a n s to add a l i g h t pen for a d d i t i o n a l
i n p u t c a p a b i l i t y . C u r r e n t h a r d c o p y
o u t p u t s are 8" by 10" and 35mm p o l a r o i d
p i c t u r e s and v i e w g r a p h s . A l s o , a. c o l o r
p r i n t e r may be c o n n e c t e d f o r p r o d u c i n g
p i c t u r e s with 125 c o l o r c h o i c e s . Ease of
o p e r a t i o n i s a c c o m p l i s h e d w i t h many
" h e l p s c r e e n s " t h a t c o n s i s t of t e x t
mixed w i t h g r a p h i c i l l u s t r a t i o n s t o
b e t t e r demonstrate system o p e r a t i o n . The
s o f t w a r e i s menu d r i v e n and t h e s y s t e m
prompts the u s e r f o r a l l i n f o r m a t i o n
needed to accompl i sh the task at hand.

In s u m m a t i o n , t h e DITS s y s t e m
p r o v i d e s t h e a e r i a l m e a s u r i n g s y s t e m
o r g a n i z a t i o n with an i n t e r a c t i v e d i g i t a l
g r a p h i c s s y s t e m t h a t e a s i l y a l l o w s t h e
p r i n c i p a l s to be kept in formed of such
i t e m s a s c o n t a m i n a t i o n l e v e l s and
l o c a t i o n s , o p e r a t i o n s p r o g r e s s , or
s t a t u s . The s y s t e m i s l i g h t w e i g h t ,
i n e x p e n s i v e , and b a s e d upon r e a d i l y
a v a i l a b l e m i c r o c o m p u t e r t e c h n o l o g y .
Transfer of informat ion over v o i c e - g r a d e
c o m m u n i c a t i o n s c i r c u i t s a l l o w s remote
t e r m i n a l s t o be l o c a t e d , w h e r e v e r
r e q u i r e d , on a g l o b a l b a s i s . S i n c e t h e
informat ion i s t r a n s m i t t e d in a d i g i t a l
f o r m a t , i t i s e a s i l y e n c r y p t e d u s i n g
g e n e r a l purpose data encrypt ion d e v i c e s .
The s y s t e m c u r r e n t l y c o n s i s t s o f 7
t e r m i n a l s and a common f i l e s e r v e r .
P r o v i s i o n s have been made t o i n c r e a s e
t h a t n u m b e r t o a p p r o x i m a t e l y 20
t e r m i n a l s for future a p p l i c a t i o n s .

This work was performed by EG&G/EM
f o r t h e U n i t e d S t a t e s Department of
Energy, Of f i ce of Nuclear S a f e t y , under
Contract Number DE-AC08-83HV10282 .
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Image/Data Storage, Manipulation, and Recall Using Video/
Computer Technology for Emergency Applications

James M. Thorpe

ABSTRACT Employing a blend of broadcast video
and state-of-the-art computer technology the
Management Emergency Response Information System
(MERIS) is designed to control , manipulate, and
distr ibute the graphic and visual information
necessary for decision-making 1n an emergency
response situation or exercise. Instant storage
and recall of an extensive l ibrary of frames of
video imagery allow emergency planners the time
and freedom to examine necessary information
quickly and e f f i c i en t l y .

I . INTRODUCTION AND BACKGROUND

For a number of years, EGSG Energy
Measurements, Inc. (EGSG/EM) has been providing
the Emergency Response and Aerial Measuring
System (AMS) programs with a field-deployabie
photo and video capabil i ty in support of tech-
n ica l , management, and public af fairs functions.
Imagery collected from both actual operations and
major exercises has been a signif icant tool for
training team members, f i e ld managers, and other
agency personnel. In response to a continuing
need to provide better information handling and
display methods, and fo r Improved reca l l and
display of a l l types of graphic data products,
development of the Management Emergency Response
Information System (MERIS) was begun. MERIS
presently consists of a number of components of
existing video and computer equipment and state-
of-the-art image handling systems.

In MERIS, images are Instantly stored and
reca l led , e i ther one frame at a time or in
sequence. This c a p a b i l i t y , coupled wi th the
newest computer-controlled videodisc technology,
w i l l make the EGSG/EM l ibrary of aerial photo-
graphs, videotapes, and other imagery for a l l
major nuclear sites available for instant recall
for cr is is management purposes or other urgent
inquir ies.

Up to 10 Input stations can be used to feed
information into the MERIS base station for image
handling. The images are combined and t i t l e d ,
have graphics added, then are time-coded and

stored in the MERIS l i b r a r y u n t i l needed fo r
cr is is management. Four large monitors are used
to display the information to the cr is is manage-
ment teams. The choice of information on the
monitors is at the control of the Crisis Manager;
data can be recalled within seconds of i t s input.

In emergency operations, MERIS can be used
to b r i e f important v i s i t o r s by reca l l i ng and
displaying Information stored in the MERIS
l ibrary . Images can be displayed in any sequence
the manager requests. Hardcopy color prints or
transparencies and black and white prints can
also be made of any image stored 1n the MERIS
l ib rary .

MERIS concepts have already proved of inter-
est to a number of emergency planners and others
jvho must store and recall large quantities of
Sgnaphic data. MERIS 1s an operational f i e l d -
portable system that could: be 'u t i l i zed for
Accident Response Group (ARG) and Federal
Radiological Monitoring and Assessment Center .
(FRMAC) emergency operations and exercises. Some
of the unique MERIS capabilit ies are currently,
being u t i l i z e d to solve spec i f ic problems tn '
Emergency Operations Centers (EOCs) and cr is is
control centers.

I I . DESCRIPTION OF MERIS COMPONENTS

DIGITAL FRAME STORE - Stores frames of video
imagery within 2 seconds. Those frames can be
recalled at random or in sequential order.

VIDEO SWITCHER - Sometimes called a special
effects generator. Electronically keys or over-
lays one video source (or Image) over another.
Also allows for colorization of white overlays as
well as fades and dissolves among a l l video
sources.

MULTI-LEVEL KEYER (Graham-Patten) - Works In
conjunction with the video switcher to overlay or
key up to six different sources or Images at one
time over a base image.

PAINT BOX - Electronic drawing computer used
as a source that is keyed or overlayed by video
switcher and multi-level keyer over a base image.
Used to produce backgrounds and animation also.

CHARACTER GENERATOR - A t i t l i n g and graphic
background-generating computer keyed over the

225



226



227

base image via the video switcher.
COPY STAND - A f l oo r stand unit with l igh ts

and a video camera on which graphic material can
be converted into a video source for manipulation
and overlay.

DIGITAL FRAME STORE LIBRARY COMPUTER CONTROL
- Controls the f i l e s of the frame store 's d i g i t a l
memory. Contains a cross-referencing recal l
system to a l low quick access to any frame in
storage.

3/4 UMATIC-VCR - Conventional news broadcast
format video recorder used to record or play back
an event videotape in to the system. An i nd i v i d -
ual frame can be stopped and stored at any t ime.

VIDEODISC PLAYER WITH ATXT COMPUTER - Allows
storage and cont ro l le r recal l of an extensive
l i b ra ry of photo and video frames (up to 54,000
per disc s ide) . Organizes and houses a data base
that allows indiv idual frames to be categorized
and labeled.

RTS INTERCOM - Allows communication between
MERIS team members and emergency response manage-
ment personnel.

TIME BASE CORRECTOR/FRAME SYNCHRONIZER (4) -
Distr ibutes composite images to each of the four
individual channels.

VIDEO MONITOR (output) - Conventional NTSC
(National Television System Committee).

I I I . HOW DOES MERIS PRODUCE AN IMAGE?

Since i t is based on broadcast video tech-
nology MERIS can easi ly create a composite
overlay of several pieces of graphic information
wi th in a very short t ime. For example, when an
aerial photograph of a s i t e is placed under the
video camera on the copy stand, that image can be
stored in the d i g i t a l frame store with the push
of a button.

When r e c a l l e d , t ha t ae r i a l image can be
overlaid by any number of sources. A character
generator can overlay le t te rs for t i t l i n g , etc.
The pa in t box can be ove r l a i d (v ia the video
switcher) for de ta i l ing and graphics, plus
t i t l i n g . The Graham-Patten keyer, along with the
video switcher, allows up to six d i f ferent
sources (character generator, paint box, copy
camera, photo, e tc . ) to be keyed or overlaid on
the or ig inal aer ial photo. The f ina l composite
image w i l l usually have the time keyed over ( in
the lower r ight corner) as i t i s entered onto the
s t i l l store d isks. This system can store up to
400 frames of information on i t s b u i l t - i n hard
disk and 200 each on a number of removable disk
cart r idges.

In addi t ion to storage and recal l of i n d i -
vidual frames of imagery, MERIS provides c r i s i s
managers with other valuable visual informational
assets.

Conventional o f f - a i r broadcasts (news, press
conferences, e t c . ) can be d i s t r i b u t e d on any
channel when necessary. These broadcasts can
also be recorded fo r la te r evaluation and analy-
s i s . Video images recorded by emergency response
authorized crews could be s imi lar ly played back.

Publ ic a f fa i rs br ief ings could also be con-
ducted with MERIS imagery to give the s ign i f icant
visual deta i l necessary for media release.

Post-exercise or response evaluation could
also be greatly enhanced with MERIS.

IV. FUTURE DEVELOPMENTS

Since broadcast video and computer t e c h -
nology are constantly changing, and many of those
changes w i l l have a d i rect effect on MERIS capa-
b i l i t i e s , constant evaluation of new technology
in these areas is necessary. MERIS w i l l re f lec t
new ways of stor ing and recal l ing images and data
as they are developed.

Several areas are current ly being researched
for potential MERIS appl icat ions. Fiber optic
technology offers numerous d i s t r i bu t i on options
without the signal degradation of conventional
cable when transmission over a long distance is
needed. This w i l l enable the MERIS remote
console to display images from the main system at
v i r t u a l l y any point necessary.

This technology w i l l a lso a l low a video
camera t o be placed at a designated s i t e f o r
monitoring while i t s image is transmitted to the
main terminal .

Technology advances in the storage and
recal l a b i l i t y of videodiscs w i l l also improve
great ly in the coming years. This combined with
the in teract ive t ra in ing assets of videodisc
technology w i l l help expand MERIS and i t s simu-
lat ion and cr is is scenario training capabil i t ies.

As MERIS is used in emergency response s i t u -
ations and exercises, design engineers w i l l be
able to f ine-tune i t s response capab i l i t ies to
meet changing demands.

This work was supported by the U. S.
Department of Energy under Contract No.
DE-AC08-83NV10282. NOTE: By acceptance of t h i s
a r t i c l e , the publisher and/or recipient
acknowledges the U. S. Government's r i g h t t o
retain a nonexclusive, royal ty- f ree l icense to
any copyright covering th i s paper.
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Using MENU-TACT for Estimating Radionudide Releases During
a Reactor Emergency

Andrea L. Sjoreen

ABSTRACT MENU-TACT i i t computer code
designed to estimate potential atmospheric
releases of radionuclides froai tbe reactor
coaplex during a reactor emergency. It i s part
of a suite of Models, tbe Intermediate Dose
Assessment System, which is used at tbe U.S.
Nnclear Regulatory Commission's Operations
Center. MEND-TACT incorporates only those
processes tbat can make major changes in tbe
magnitude of a reactor release. It provides
quick reaults of bounding calculations. MEND-
TACT was written to be simple to use. Data are
entered via fil1-in-the-blank displays or
selection of menn options. Plant-specific and
generic default values for data are provided
where appropriate. The code models transport of
nuclides from containment through a series of
volume* to the environment. The analyst controls
the pathways from the volumes to the environment,
timing of events, and depletion parameters, along
with other required data.

I . INTRODUCTION

During a severe reactor accident the U.S.
Nuclear Regulatory Commission (NRC) must f i rs t
decide if plant conditions warrant taking
protective actions. This in i t ia l decision is
based on consideration of the consequences of a
wide range of core damage accidents and i s not
based on dose assessements. Determination of the
need for additional protective actions includes
consideration of dose assessments. To produce
dose assessments, NRC must f irst estimate the
probable range of magnitudes of tbe release from
the reactor complex. The basic tool used in the
NRC's Operations Center to estimate these reactor
source terms i s MEND-TACT. (TACT is an acronym
for Transport of ACTivity.) MENU-TACT was created
by modifying TACT-III (til lough, et a l . . 1983).
The Accident Evaluation Branch, NRC, developed
TACT-III so that doses and releases from a
variety of accidents could be estimated. MENU-
TACT and TACT-III model transport of nuclides

from containment through a series of volumes
(which are also called nodes) to the environment.
The number of node*, the node volumes, and the
pathways through the nodes and to the environment
are all entered by the analyst. MENU-TACT and
TACT-III use matrix Inversion routines that solve
simultaneous equations describing transport,
radioactive decay, and removal processes in the
volumes. Radionuclide daughter build-up i s not
considered in MENU-TACT and should not be
important fox the time period of concern when
responding to an emergency ( e . g . , a few hours or
days). The mathematical framework of TACT-III i s
described inKil lough, et a l . (1983).
Modifications made to TACT-III to produce MENU-
TACT serve to simplify tbe input required and to
simplify the processes nodeled.

MENU-TACT i s part of the Intermediate Dose
Assessment System (IDAS). IDAS also contains a
data baae management system and MESORAD (Sherpelz
et a l . , 1986), an air transport and doae
projection model. The source terms computed by
MENU-TACT can be atored in the IDAS data base.
They are read by MESORAD according to the name
given to that case in MENU-TACT.

This document explains the use of MENU-TACT
during an accident. The processes modeled are
described. Examples of the input scheme* used
are preaented and *ampl* result* are shown.
Future enhanceasents to MENU-TACT are described.

I I . PROCESSES MODELED IN MEND-TACT

The processes included in MENU-TACT and the
treatment of reactor volumes are diagrammed in
Fig. 1. This figure shows two volumes,
containment and an auxil l iary building.
Transport processes include leakage from
containment, transport through the building,
recirculation through f i l t e r s , and escape to the
environment. Removal processes are radioactive
decay, f i l t er ing , and user-specified removal
processes. In Fig. 1 the user-specified removal
prooess i s spray removal. Filtering and removal
apply only to non-noble gases. A single constant
i s entered for each proceas for all radionuclides
affected. While thia i s not a very sccurate
treatment of removal and f i l t er ing , i t i s
appropriate for bounding calculations.
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FRACTION OF CONTAINMENT
OR

VOLUME OF COOLANT

FORCED FLOWS

RECIRCULATION
FILTERS

FILTERS

NODE 2

AUXILIARY
BUILDING

SPRAY
REMOVAL

AND
DECAY

LEAKAGE
TO THE

ENVIRONMENT

Figure 1. The processes modeled in MEND-TACT and their relationships to
the voluaes defined.

The tiaing of processes is controlled by the
tiaes entered by the analyst as shown in Fig. 2.
Radioactive decay operates fron reactor shutdown
to end of release. (Note that decay continues
daring atmospheric transport »t aodeled in
HESORAD.) Daughter build-up is not included in
MEND-TACT calculations, because it was determined
to be nninportant for bounding calculations. The
process start tine begins in-p]ant processes. No
activity i s released to the environment before
the start of release tiae. Note that shutdown
and process start tiae aay be the saae. but
release start aust be later, if only a few
seconds, than process start. The tiae of the end
of the release aost be later than all other
tiaes .

III . MODEL TESTING

MENU-TACT has been tested both for internal
consistency and against TACT-III for correctness.
Etch type of input data was varied froa i t s
ainiBBE to i t s aaxiaun value, with a]] other
inpnt data kept at their default values. The
results were inspected to insure that the
expected changes occured. These tests insured
that MENU-TACT was aodeling i t s processes
correctly. More that 30 pairs of MEND-TACT /
TACT-III runs were aade to insure that both codes
produced the saae resnlts. Four types of tests

were run. (1) A baseline case was run with
default data. (2) One and two time-step cases
were run, with shutdown tiae both equal and not
equal to process start t iae. (3) Two voluae
cases were run with coabinations of large and
saall volnaes with large and saall flow rates.
(Note that the aatrix solution routines used in
TACT-III i s soaewhat aore robust than those in
MEND-TACT in handling cases that were nuaerically
extreae.) (4) Large and saall f i l ter
efficiencies were coabined with large and saall
reaoval coefficients. The TACT-III and MEND-TACT
results agreed to three significant figures for
all tests .

IV. DSING MENU-TACT

A coaplete u s e r ' s aanual for MEND-TACT has
been published (McKenna e t a l . , in p r e s s ) . The
fol lowing descr ibes b r i e f l y the use of MEND-TACT
in the Operations Center. The aajor s teps in
performing a MEND-TACT a n a l y s i s are:

1 . Preparing the re l ease pathway fora

2 . Logging onto the systea and branching in to
MENU-TACT

3 . Selecting plant site (and case)
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SHUTDOWN PROCESS
START

START OF
RELEASE

END OF
RELEASE

ENVIRONMENTAL RELEASE

IN-PLANT TRANSFER AND FILTERING

ak.

DECAY OF FISSION PRODUCTS

Fi|ore 2. The relationships between the tiaes entered in WENU-TACT.

4. Specifying basic tiae dependant information:

a. case description or t i t l e

b. power level

c. node naaes and volumes

d. shutdown tiae

5. Specifying, core dsaage state, either:

a. coolant release

b. gap release

c. (rain boundary release

d. cote aclt release

6. Specifying pathway data:

a. event tiainf

b. reaoval coefficient for each node

c. portion of the release in i t i a l l y
injected into each node.

d. transfer rates between nodes and
between nodes and the environment and
f i l t er efficiencies assnaed for
transfers.

All data are entered on *rou screens (Fig. 3) or
on fill~in-the-blank screens (Fig. 4 ) . A default
vtlne i s provided for each data i tea . If
appropriate, the defanlt valne i s plant-specific,
that i s , the valne is read froa the reactor s i t e
data bate. If the default valne i s appropriate,
the analyst can jast type the NEWLINE key for
that data. Each type of data has bounding
values. If the analyst enters an inappropriate
valne. am inforaative aeasage i t printed and the
value aost be corrected before continuing. At
the end of each data screen, the analyst i t asked
to check the entries. If any are incorrect, the
analyst can return to the top of the screen to
reenter the data. If a aistake i s noted on the
screen before i t i s finished, the analyst aay
back up through the entriea with the ESCAPE key.
Once all data are entered, the aenn la Fig. 3
appears and the analyst aay run the case or
aodlfy the data farther.

The data that are plant-specific are
provided as the default for that i tea . Once a
plant aita (and unit, if appropriate) i s
selected, the fact that i t is a pressarixed water
reactor (PffK) or boil ing water reactor (BWK) ia
known. FVK's are given two default voluaea (or
nodes), priaary and containment. BWR't ere given
three default voluaes, priaary, contaiaaent, and
secondary containaent. The analyst can change
the nuaber of voluaes, their s ize , and their
naaes. The n t e d reactor power (Nwt) is
provided. The plant design leak rate and
predicted failure pressure are ahown on the
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NRC - IDAS TACT MAIN MENU
IDAS TACT - MENU VERSION

CREATE A NEW CASE
MODIFY AN EXISTING CASE
RETURN TO IDAS MAIN MENU

USE ARROW KEYS FOR SELECTION AND (CR) WHEN SELECTION tS THE CORRECT ONE

Fifnre 3, An example of • MEND-TACT aean tcreen.

BASIC TIME INDEPENDENT DATA FOR PWR ARKANSAS 1
BASIC CASE DESCRIPTION/CASE NAME:
test
NUMBER OF NODES (NODES <=4): 2
NAME OF NODES VOLUME IN FT**3
NODE (1 ) = Pr i tnary . 1 000E+07
NODE(2) = Contain. .1V0OE+07

REACTOR POWER (MEGAWATTS THERMAL) : 256B.
REACTOR SHUTDOWN TIME - 24 HOUR CLOCK SITE TIME
(SDTIME) (<= TIME OF FJRST CASE : 86/08/04 14:00 (YY/MM/DD HH:MM)

ARK 1:REFERENCE VOLUMES <ft*«3)
Primary system 9.7E+03
Containment 1.9E+06

ARE YOU DONE WITH THIS SCREEN ? Y

Figure 4. An exaaple of a MENU-TACT data entry screen.
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Isotope

1-131
1-132
1-133
I-X34
1-135
Kr-85
Er-8Sm
Kr-87
Ki-88
Xe-131m
Ie-133m
Xe-133
Ie-13 5
Xe-138
Cs-134
Cs-136
Cs-137
Te-129m
Te-131«
Te-132
Sb-127
Sb-129
Sr-89
Sr-90
Sr-91
Ho-99
Ru-103
Ru-106
Ba-140
Y-91
La-140
Ce-144
Npj23 9

Decay
1/hr

3.6E-3
3.0E-1
3.3E-2
7.9E-1
1.1E-l
7.4E-6
1.5E-1
5.4E-1
2.4E-1
2.4E-3
1.3E-2
5.5E-3
7.6E-2
2.9E+0
3.8E-5
2.2E-3
2.6E-6
8.6E-4
2.3E-2
8.9E-3
7.5E-3
7.4E-2
5.7E-4
2.8E-6
7.3E-2
1.1E-2
7.3E-4
7.8E-5
2.3E-3
4.9E-4
1.7E-2
1.0E-4
1.2E-2

Source
Ci/Mwt

2.8E+4
4.1E+4
5.9E+4
6.JE+4
5.5E+4
1.9E+2
7.9E+3
1.5E+4
2.2E+4
3.7E+2
2.1E+3
5.7E+4
1.2E+4
1.2E+4
2.3E+3
9.2E+2
2.OE+3
6.4E+2
4.1E+3
4.1E+4
3.5E+3
9.0E+3
3.4E+4
1.7E+3
3.SE+4
5.2 E+4
4.2E+4
1.1E+4
5.1E+4
3.7E+4
5.4E+4
3.0 E+4
5.5E+5

Coolant
Concentrati on

PWR
Ci/gn

3E-O7
1E-07
4E-07
5E-08
2E-07
2E-07
1E-07
«E-08
2E-07
IE-07
2E-07
2E-05
4E-07
4E-08
3E-08
1E-08
2E-08
1E-09
3E-09
3E-08

0
0

4E-10
1E-11
7E-10
8E-08
5E-11
1E-11
2E-10
6E-11
2E-10
3E-H
1E-09

nWR
Ci/jB

5P.-09
3E-08
2E-O8
5E-08
2E-08

0
0
0
0
0
0
0
0
0

3E-11
2E-11
7E-11
4E-11
1E-10
1E-11

0
0

IE-10
6E-12
4E-09
2E-09
2E-11
3E-12
4E-10
4E-13

0
3E-12
7E-09

<;«P
fraction

2E-2
2 E-2
2E-2
2E-2
2 E-2
3 E-2
3 E-2
3 E-2
3 E-2
3 E-2
3E-2
3 E-2
3 E-2
3 E-2
5 E-2
5F.-2
5 E-2
1E-4
1E-4
1E-4
1E-4
1E-4

0
0
0
0
0
0
0
0
0
0
0

Grai n
Boundary
fraction

5E-1
5E-1
5E-1
5E-1
5E-1
SE-1
5E-1
5E-1
5E-
5E-
5E-
5E-
5E-
5E-]
5E-1
5E-]
5E-]
1E-1
1E-1
1E-1

1

2 E-2
2 E-2
1E-3
1E-3
1E-3
1E-2
1E-4
1E-4
1E-2

0
0
0
0

Core
Mel t

fraction

1E+0
1E+0
1E>O
1E+0
1E+0
1E+0
1E+0
1E+0
1E+0
1E+0
1E+0
1E+0
1E+0
1E+0
1E+0
1E+0
1E+0
3 E-l
3 E- l
3E-1
2 E-2
2E-2
7E-2
7 E-2
7 E-2
1E-1
7E-3
7E-3
2E-1
1E-4
1E-4
I E - *
1E-4

Table 1. Nuclide-specif ic data ntcd In MEND-TACT.

bottom of the screen on which the rate* of
transfer to the environment are entered.

The amount of the reactor inventory
available for release i s determined by oore
damage state and either plant power level and the
number of Caries of each nnclide per Mwt or the
number of Caries of each nnclide per ft of
coolant. The nuclidet vhich aay be included in an
assessatnt are shown in Table 1. The fractions
of the inventory released for each nuclide are
available for a gap release , grain-boundary
(TMI-Iike) re lease , or core Bel t . The inventory
•ay be scaled up or down. One factor applies to
al l noble gases and another applies to a l l other
nacl ides . Nnclide speci f ic scaling i s not
available for the above three release type*.
Coolant concentrations are provided for both
PWK's and BWK's. For a re]ease.of coolant the
analyst enters the nuaber of f t of coolant
released frost the reactor. As the accident
progresses and better estimates of the coolant
concentrations are avai lable , the analyst has the
option of revising the default coolant

concentrations ( C i / f t ) for each nnclide
individual ly .

The transfer frpai the core are specified as
a total ntmber of ft or a rate of f t / s i n for
coolant releases and as fractions of inventory or
fract ions /a in of inventory for a l l other accident
types.

V. MENU-TACT RESULTS

MENU-TACT f i r s t prints a simaary of the data
for this case (Fig. 5 ) . It always displays the
i n i t i a l inventories in the voluaes, the
concentrations in the nodes at the beginning of
the release to the environment (F ig .6 ) , and the
total releases (CD to the environment (Fig. 7)
for each nnclide considered for the time period
of the release . More detailed results are
avai lable , i f requested. If the results are
needed for father assessment in NESOKAD, a f i l e
i s written to the IDAS data base.
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is:ARKANSAS 1 Record is:
TIME INDEPENDENT INPUT

ARK1 026

RUN DA IE 8/ 5/ 86
TITLF.: test
NUMBER OF NODES:
POWER <MWT):
TIME OF SHUTDOWN:
RELEASE FRACTION:

PARTICULATES:
NOBLE GASES:

SOURCE OPTION: .
PLANT OPTION:

2
2.568E+03
86/08/04 14:00

l.OOOE+00
l.OOOE+00

4-CORE
1-PWR

Node names:
Pr imary Conta i n.

TIME DEPENDENT INPUT
PROCESS START TIME END OF RELEASE

86/0P/04 14:00 86/08/04 14:10
VOLUMES

NODES VOLUME <FT*»3>
Pr imary 1.000E+06
C o n t a i n . 1.900E+06
REMOVAL COEFFICIENTS (1/HR)

NODE PARTICULATES NOBLE GASES
Pr imary 3.50 O.OOOE-01
Conta in . O.OOOE-01 O.OOOE-01

Press Return fo r Transfer Rates. =

Figure S. Data summary.

ACTIVITY (CURIES) IN EACH NODE AT 86/08/04 14:00

ISOTOPE
1-131
1-132
1-133
1-134
1-135
KR-85
KR-85M
KR-87
KR-8B
XE-131M
XE-133M
XE-133
XE-135
XE-138
CS-134
CS-136
CS-137
TE-129M
TE-131M
TE-132
SB-127
SB-129
SR-89
SR-90
SR-91
MO-99
RU-103
RU-106
BA-140
Y-91
LA-140
CE-144
NP-239

(BEGINNING OF PROCESS)
ENVIR. Primary

O.OOOE 01 5.752E+07 1.
O.OOOE-01 8.423E+07 2.
O.OOOE-01 1.212E+08 3.
O.OOOE-01 1.335E+08 3.
O.OOOE 01 1.130E+08 2.
O.OOOE-01 3.903E+05 9.
O.OOOE-01 1.623E+07 4.
O.OOOE-01 3.082E+07 7.
O.OOOE 01 4.520E+07 1 .
O.OOOE-01 7.601E+05 1 .
O.OOOE-01 4.314E+06 1 .
O.OOOE-01 1.171E+08 2.
O.OOOE-01 2.465E+07 6.
O.OOOE-01 2.465E+07 6.
O.OOOE-01 4.725E+06 1 .
O.OOOE-01 1.B90E+06 4 .
O.OOOE-01 4.109E+06 1 .
O.OOOE-01 3.944E+05 9.
O.OOOE-01 2.527E+06 6.
O.OOOE-01 2.527E+07 b.
O.OOOE-01 1.438E+05 3.
O.OOOE-01 3.698E+05
O.OOOE-01 4.B89E+06 1,
O.OOOE-01 2.445E+05 6.
O.OOOE-01 5.177E+06 1,
O.OOOE-01 1.068E+07 2,
O.OOOE-01 fe.040E+05 1,
O.OOOE-01 1.582E+05 3,
O.OOOE-01 2.095E+07 5,
O.OOOE-01 7.601E+03 1,
O.OOOE-01 1.109E+04 2,
O.OOOE-01 6.163E+03 1,
O.OOOE-01 1.130E+05 2,

Conta i n .
438E+0/
106E+07
030E+07
338E+07
B25E+07
75BE+04
057E+06
704E+06
130E+07
900E+05
079E+06
928E+07
163E+0-6
163E+06
181E+06
725E+05
027E+06
861E+04
317E+O5
317E+06
595E+04
245E+04.
222E+06
112E+04
294E+06
671E+06
510E+05
955E+04
239E+06
900E+03
773E+03
541E+03
825E+04

Press Return to continue

Figore 6. Initial concentrations computed for the data in Fig. 5.
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ACTIVITY
ISOTOPE

1-131
1-132
1-133
1-134
1-135
KR-85
KR-8SM
KR-87
KR-88
XE-131M
XE-133M
XE-133
XE-135
XE-138
CS-134
CS-136
CS-137
TE-129M
TE-131M
TE-132
SB-127
SB-129
SR-89
SR-90
SR-91
MO-99
RU-103
RU-106
BA-140
Y-91
LA-140
CE-144
NP-239

M i ght you
Y :

RELEASED TO THE ENVIRONMENT FROM 86/0B/04 14:00 TO 86/08/04
RELEASED
CURIES
1.192E+01
1.705E+01
2.506E+01
2.600E+01
2.323E+01
9.039E+00
3.710E+02
6.B22E+02
1.026E+03
1.760E+01
9.980E+01
2.711E+03
5.673E+02
4.512E+02
9.797E-01
3.91BE-01
8.S19E-01
8.178E-02
5.230E-01
5.236E+00
2.980E-02
7.622E-02
1.014E+00
5.069C-02
1.067E+00
2.213E+00
1.252E-01
3.280E-02
4.344E+00
1.576E-03
2.297E-03
1.278E-03
2.340E-02

want to use these results in MESO RAD? =

Figure 7. Release* to the environment computed froa the data in Fig. 5.

VI. PLANNED ENHANCEMENTS

Several enhancements are planned for MENU-
TACT. Current ly , • simpler model i t being
cons tructed which requires only the WASH-1400
(USNRC, 1975) source t e n s , reactor power, and
event t i a i n g . In the fu ture , another aodel w i l l
be added that w i l l r e l a t e plant c o n d i t i o n s to
source t e n s . Also, the f i l l - in-the blank
screens will be replaced by graphic data entry
screens which will show the confignation of the
selected voluaes and will allow data entry on the
volumes and pathways drawn on the screen.
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The MESORAD Dose Assessment Modela

R. I. Scherpelz, J. V. Rams del I, G. F. Athey, and T. J. Bander

ABSTRACT MESORAD is a dose assessment code
developed for use as an emergency response tool
by the U.S. Nuclear Regulatory Commission and
the U.S. Department of Energy. The code
combines atmospheric dispersion and dose
calculations to make dose estimates for
releases containing as many as 50 radio-
nuclides. It evaluates those dose pathways
that are likely to be important during and
immediately following a release. The pathways
included are the internal dose commitment
that is due to inhalation of radionuclides
and the external dose that is caused by
exposure to radionuclides in the air and
deposited on the ground. External doses are
computed using either the semi-infinite cloud
approximation or the finite puff model. The
finite puff model was developed to reduce
computational time and is an approximation to
the point-kernel integration technique found
in other dose models. Initialization of
MESORAD requires about 5 minutes, and simula-
tion of the first 3 hours of a release can
be completed in about an additional 3 minutes
on a super-minicomputer.

I. INTRODUCTION

MESORAD is a computer code that performs
dose assessments for emergency response
applications. The code was developed at the
Pwific Northwest Laboratory for use at the
U.S. Nuclear Regulatory Commission's Operations
Center in Washington, D.C. and at the U.S.
Department of Energy's Unified Dose Assessment
Center at Hanford, Washington. The code is
used to assess the consequences prior to,
during, and immediately following potential
or actual releases of radioactive material.
The dose pathways represented in the code are
the external doses that are due to airborne
and deposited radionuclides and the internal

(a)Work supported by the U.S. Department of
Energy and the U.S. Nuclear Regulatory
Commission under Contract DE-AC06-76RLO
1330, NRC FIN P2001.

dose commitments that are due to inhalation
of radionuclides.

II. ATMOSPHERIC DISPERSION MODELS

In MESORAD, atmospheric dispersion models
are used to estimate radionuclide concentra-
tions at nodes on two receptor grids. The
primary grid Is a Cartesian grid in which the
spacing between receptors is typically several
kilometers. The second grid is a polar grid
with receptor nodes at 10-degree intervals that
are 0.8, 1.6, and 3.2 kilometers from the
release point. This polar grid provides a
better resolution of concentration and dose
pattarns near the release point.

The primary dispersion model in MESORAD
is an extension of the Lagrangian puff model
in the MESOI computer code (Ramsdell et al.,
1983). The model is used to estimate the
concentrations at the nodes on the Cartesian
grid and may also contribute to the concentra-
tion estimates at nodes on the polar grid if
tha wind direction reverses. A straight-line
Gaussian model is used for the primary concen-
tration estimates at polar-grid receptors.
Surface contamination resulting from dry and
wet deposition is estimated for all receptor
locations on both grids.

III. DOSE MODELS

MESORAD assesses the radiological
consequences of a release using three dose
pathways: the internal dose commitment that
results from the inhalation of radionuclides,
che external dose that results from exposure
to airborne radionuclides, and the external
dose that results from exposure to radio-
nuclides deposited on the ground. Dose
estimates are computed for all receptors and
are available for the most recent 15-minute
period as well as the entire period since the
beginning of the release.

The dose estimates can be based on as many
as 50 radionuclides. Decay schemes have been
included in the code,, where appropriate, so
that production of progeny nuclides by parent
decay is represented. Radioactive decay and
production are calculated during "holdup" in
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the facility (the elapsed time between the
specification of the release inventory and the
time of release), during transit from the
release point to the receptor, and during
residence on the ground (for deposited radio-
nuclides).

A. Internal Dose Pathway
For the evaluation of the internal

dose pathway, 50-year inhalation dose commit-
ments are calculated to three organs: whole
body, lung, and thyroid. The calculation of
inhalation dose at each receptor point uses
the ground-level air concentration multiplied
by a breathing rate and a dose factor. The
computational procedure is described by
Scherpelz et al. (1986). The inhalation dose
to thyroid is determined for the child-age
group, which is generally considered to be most
sensitive to thyroid doses. The doses to the
other two organs are calculated for the adult-
age group.

B. External Dose Resulting from Exposure
to Airborne Radionuclides
Two models are used in MESORAD to

treat the external dose pathway of exposure
to airborne radionuclides, a semi-infinite
cloud model and a finite puff model. The
semi-infinite cloud model uses a simple
calculation, multiplying a dose factor by the
air concentrations. The code executes quickly,
but provides poor estimates of the dose in
cases where the radionuclides are elevated
above the ground, or in the cases where the
spread of the radionuclides is small compared
to the range of emitted gammas. For a better
dose estimate in these cases, a finite puff
calculation using a discrete-point approxima-
tion is utilized. This discrete-point approxi-
mation requires more computation time than the
semi-infinite cloud calculation; the accuracy
of the calculation deteriorates as the spread
of the radionuclides grows very large. Thus,
the two models are complementary; the finite
puff model offers an accurate dose evaluation
when the spread is small, and the faster-
executing semi-infinite cloud model can give
a good estimate when the spread of the radio-
nuclides increases.

The finite puff model used in MESORAD
for the calculation of external doses is a
simpli-ficatlon of the point-kernel integration
technique. In the point-kernel technique, the
source volume (the puff) is divided into a
number of differential volumes, and the dose
at the receptor point that results from each
differential volume is evaluated. The total
dose equals the sum of the contributions of
all the differential volumes. The quality of
the computation depends on choosing the proper
number of differential volumes. This selection
is done iteratively, with increasingly finer
divisions of the source volume. This technique
also uses large amounts of computer time and
is impractical for use in emergency response
application.

The discrete-point approximation
used in MESORAD is a simplification of thf

point-kernel integration technique in which
the puffs that are used to approximate the
radionuclide plume are immediately divided
into a number of differential volumes. The
iterative nature of a point-kernel integration
is thus avoided, and the calculation proceeds
much faster. The puffs are divided into
differential volume elements using cylindrical
coordinates. Each differential volume of
the puff is treated as though all the radio-
nuclides were located at a point in the center
of the small voluma. The dose to a receptor
point is then calculated as the sum of the
doses from all source points.

The discrete-point approximation was
tested by comparing calculations made using
a preliminary code called DISCRTPT against
hand calculations of simple configurations and
against calculations made usir.g PERCS (Reece
et al., 1984) and ISOSHLD (Engel et al., 1966),
point-kernel codes that are used in the radia-
tion shielding community. In these tests, the
puffs were assumed to be cylinders containing
air with radionuclides uniformly distributed
in them, because the shielding codes needed
to assume a uniform distribution in the source
region. The comparisons showed that the
DISCRTPT code and other methods were in general
agreement within +20Z when the puffs were
divided into 576 differential volume elements
(8 angular divisions, 8 radial divisions, and
9 height divisions). Differences in dose esti-
mates from different codes in the range of 20Z
are not unreasonable, especially when the codes
use different expressions for buildup and
different attenuation coefficients.

The performance of the discrete-point
approximation was evaluated for use in MESORAD
by varying the number of volume elements in
the puff in the DISCRTPT code and comparing
the dose estimates with the dose estimates
computed from 576 puff elements. The results
of this process were used to develop the rules
that determine the number of volume elements
into which puffs are divided. These rules,
which represent a balance between the computa-
tional time constraints of emergency response
and accuracy in dose estimates, are based on
the magnitude of the characteristic horizontal
dimension of the puff (diffusion coefficient)
and the distance from the center of the puff
to the receptor.

C. External Dose Resulting from Exposure
to Contaminated Ground
The current dose rate and cumulative

dose resulting from exposure to contaminated
ground are computed at 15-minute intervals.
These computations include the contributions
of all nuclides deposited on the ground from
the start of the simulation to the current
time. The dose rate calculation essentially
uses the product of the nuclide concentrations
on the ground (corrected for radioactive decay
and buildin while on the ground) and a dose-
rate factor. The cumulative dose is a running
summation of dose rate multiplied by duration
of the dose rate (usually 15 minutes). The
cumulative dose, therefore, indicates the dose
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that an unsheltered person standing at the
receptor location for the entire duration of
the scenario would receive.

IV. COMPUTER CODE EXECUTION AND PERFORMANCE

The performance of MESORAD was evaluated
on a VAX-11/780 computer with Version 4.2 of
the VMS operating system. The evaluation runs
were made during normal computer operation
periods using the system clock to determine
the time required for various simulations.
Both real time and central processing unit
(CPU) usage were recorded to the closest 0.01
second.

All simulations were based on a common
scenario, a simulation of a release following
a reactor accident. The scenario assumed that
the data files required for MESORAD were
available when execution of the code began.
This assumption corresponds to the situation
where meteorological data are automatically
entered Into a data file and radionuclide files
have been prepared for various postulated acci-
dents. The data bases used in this evaluation
include meteorological data for 9 stations and
release data for 27 radionuclides. The periods
simulated extended from 6 to 72 hours with a
maximum release duration of 24 hours.

The real time required for interactive
initialization of a research version of the
code ranged from about 3.5 to almost 7 minutes.
During this period, the operator specified the
size of the model domain, selected from among
the model options, established the source
characteristics, and entered names for the data
files. The length of the initialization period
depends to some extent upon the model options
selected. For example, the average initializa-
tion for runs that included dose computations
took about 5 minutes, while the average ini-
tialization time for runs that only made
dispersion and deposition computations took
about 4 minutes. The CPU time for initializa-
tion was about 14 seconds for the runs with
dose computations and about 9 seconds for the
runs without dose computations. By careful
selection of sets of default options, it should
be possible to develop site-specific opera-
tional versions of MESORAD in which the
initialization time is significantly reduced.

The time required for model computations
following initialization varied significantly
from run to run, depending primarily on number
of other users on the computer. However, the
CPU time required to reach a given point in
the simulation showed much less variation, and
this variation is easily ascribed to differ-
ences in the model options selected.

Assuming a release at about midnight in
low winds and stable conditions, the full
MESORAD code took 156 seconds of CPU time
(following initialization) to complete the
first 3 hours of simulation, and 661 seconds
to complete 6 hours. Repeating the simulation
without the polar grid, the CPU times were
reduced to 120 and 563 seconds, respectively.
The CPU times were not reduced significantly

(2-second difference at the end of 6 hours)
when the same simulation was run a third time,
eliminating the polar grid and the tracking
puffs after they left the dose computation
grid. For comparison, the MESOI dispersion
code (Ramsdell et al., 1983), run within the
MESORAD shell, took about 2 seconds to complete
3 hours of simulation and about 6 seconds to
complete 6 hours of simulation.

During these simulations, the CPU time
per hour of simulation increased initially as
the number of puffs on the computational grid
Increased. However, the time did not reach
an equilibrium value as might have been
expected, instead it entered a diurnal cycle
that appears to be related to wind speed and
stability. In nighttime low wind speed, and
stable atmospheric conditions, the CPU time
per simulation hour reached a maximum of
about 180 seconds. When the wind speed picked
up and the stability decreased during the
day, the CPU time required for each hour
dropped to a minimum of about 70 seconds.
This variation is not reflected in the total
CPU time required to complete a 3-hour simula-
tion because the effects of the increasing
number of puffs is dominant. However, it is
apparent in the time required to complete
6-hour simulations. Completion of 6-hour
simulations starting at about midnight, 6:00
a.m., and noon took 563, 380, and 311 CPU-
seconds, respectively.

Grid spacing and release height also
appear to affect computational time, but the
effects of these sources of variation have not
been explored in detail. It is anticipated
that the general effect of decreasing grid
spacing is to Increase computation time because
more computations are required per puff.
Similarly, an increase In release height is
expected to be accompanied by a decrease in
computation time, because wind speeds generally
increase with height, reducing the time that
released material is within MESORAD*s dose
computation domain.

Recently, the performance of the MESORAD
code has been evaluated using more detailed
analysis routines. These routines identified
the computational time used by various portions
of the code. The programming has been opti-
mized in several of these areas resulting in
a 30% decrease in MESORAD execution time during
the simulations that were timed. Further code
optimization is expected.

V. SUMMARY

MESORAD Is a dose assessment code devel-
oped for use by the U.S. Nuclear Regulatory
Commission and U.S. Department of Energy in
emergency response applications. The code's
purpose is to estimate doses during and immedi-
ately following an accidental release of radlo-
nuclides. Therefore, the dose pathways treated
by the code are internal dose commitment
because of inhalation of radionuclides and
external dose because of exposure to airborne
radionuclides and radionuclides deposited on
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the ground. Doses accumulated during the most
recent 15-minute period and since the beginning
of the release are available for use.

Initialization of the code can be com-
pleted In about 5 minutes. Simulation of the
initial 3 hours of a release can be completed
in an additional 3 minutes, and simulation of
the first 6 hours of a release can be completed
in 5 to 10 minutes. Further optimization of
the code can reduce these times.
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Kevin C. Greenaugh

ABSTRACT. Computer codes are presently being
developed which predict the gas-dynamics,
material transport, and heat-transfer induced
from fire, tornado and explosion accidents in
nuclear fuel cycle facilities. These codes
consist of models which describe the major
phenomena which occur to 0.5 to 5.0 micron
particles as they are released in a room, and
transported by way of the ventilation system
throughout the nuclear fuel cycle facility.

I. ACCIDENT ANALYSIS CODES

Assessment of the environmental
consequences of an accident in a fuel cycle
facility ultimately Involves calculating the
atmospheric dispersion of radioactive materials,
and estimating the radiation dose to the
surrounding population. A radiation dose calcu-
lation of this nature requires consideration of
the following parameters: (1) wind speed;
(2) diffusion stability; (3) dose conversion;
(4) type of release; and (5) source amount at
the facility boundary. Studies have been
performed to develop an understanding of the
phenomena associated with each parameter.

Considerable uncertainty lies in estimating
the nuclear facility source terra. Codes have
been developed which are comprised of mathe-
matical models that describe the phenomena
occurring during a reactor accident (e.g, HARM,
TRAP-MELT), but conditions following a fuel
cycle facility accident are typically different.
The reactor models provide a theoretical estima-
tion of a source release at the reactor contain-
ment boundary of radioactive material as a
result of a postulated accident.

Los Alamos National Laboratory (LANL) and
Pacific Northwest Laboratory (PNL) under the
direction and support of the Nuclear Regulatory
Commission (NRC) have been developing a family
of accident codes which can be used to analyze
tornado, explosion, and fire accidents in
nuclear fuel cycle facilities. The developed
codes are called TORAC, EXPAC and FIRAC.

TORAC models the gas-dynamics and material
flows (radioactive partlculate) in a facility

and their perturbations due to a tornado outside
of the facility. Negative pressures are
associated with a tornado. TORAC is used to
model backflows throughout the facility due to
negative pressures at the facility boundary. A
pressure time function at the facility boundary
is used to simulate a tornado.

liXPAC is the computer code used to study
explosion transients. The source or amount of
energy and particulate released as a result of
an explosion are determined by a chamber
(compartment) model within EXPAC called NORDAL.
Explosions can also be simulated by using
pressure, temperature, or energy time functions
along with mass (gas) and material injection
time functions. EXPAC predicts the gas-dynamics
and material flows resulting from an explosion
within a facility.

FIRAC is the computer code used to study
fire transients within a fuel cycle facility.
FIRAC predicts material transport (both radio-
active particulate and combustion products) and
the gas dynamics throughout the facility. It
can also predict the heat-transfer within the
facility's duct work.

In addition to time functions, fires can
also be modeled by an extensive compartment
modeling subroutine called FIRIN. An explana-
tion of FIRIN and the explosion compartment
model NORDAL and their features will be
discussed in the next section of this paper.

A general description of the gas-dynamics,
heat-transfer, and material transport models
incorporated in the network aspect of each of
the codes will be diseased in a later section.

It. COMPARTMENT MODELS

Compartment models were developed to
describe the amount of energy and particulate
released in a room due to fires and explosions.
These compartment models were incorporated into
FIRAC and EXPAC, respectively, and are used to
determine fire and explosion source terms.

A. Fire Compartment Model
Pacific Northwest Laboratory developed

the fire compartment model FIRIN (Owczarski,
1985). FIRIN was developed to estimate the
source release of smoke and radioactive
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particles from potential room fires in nuclear
fuel cycle facilities. The technical bases of
FIRIN consist of a nonradioactive fire source
term model, compartment effects modeling, and
radioactive source term models.

1. Fire source term models. Source
terms required to characterize a fire include
mass loss rates, heat release rates, and combus-
tion product generation rates. The mass loss
rate (burn rate) In FIRIN is the net heat flux
received by the material in the fire (after
taking into account the flame heat flux and the
radiation loss) divided by the heat required to
produce a unit mass of :orabustible vapors. The
heat release rate in FIRIN is the product of the
heat of combustion and the mass loss rate (a
correction for incomplete burning is performed).
Lastly, the rate of producing combustion
products is obtained in FIRIN by multiplying the
fractional yield of each product upon combustion
by the mass loss rate.

Two burn modes are also considered in
FIRIN. They are combustion and smoldering.
Combustion is assumed to occur when the oxygen
concentration in the room exceeds 15% and high
ventilation exists. Smoldering is assumed to
occur when the room has less than 11% oxygen and
is under-ventilated.

2. Compartment effects. The severity
of a fire inside an enclosure can be affected by
compartment constraints and barriers.
Compartment barriers tend to contain and retain
most of the gases, mass, and thermal energy
released during the combustion process. Models
are incorporated in FIRIN which describe how
each of these phenomena Interact within the
compartment.

Three major types of heat transfer
mechanisms are considered in FIRIN - radiative,
convective, and conductive. Radiative heat
transfer is modeled as occurring from the
combustion flame, and the smoke layer to the
walls, ceiling, and equipment. In modeling the
fire within the compartment, a two-layer regime,
is assumed: a hot layer (smoke) on top and a
cold layer which contains contaminant free air.

Convective heat is assumed to be carried
off by fire gases into the ceiling hot layer.
Also, whenever a solid body is exposed to the
moving hot layer having a temperature different
from that of the body, heat is transferred
between the fluid and solids according to
Newton's law of cooling.

Compartment floors and ceilings are
temporary heat sinks for energy generated from
burning materials. A simple one-dlraenslonal
form of Fourier's heat conduction equation is
used to model the thermal conduction rate within
compartment solid media. The conduction
equation is written as:

32T

where:

_ . Ill
' k a 3t

k " thermal conductivity
a » thermal diffuslvlty (k/pcp)
q, = internal energy source term

(1)

The equation is solved by a finite-
difference technique with convection boundary
conditions. The Fourier heat conduction
equation is also used to describe wall heat
conduction with the following boundary
condition:

fc ax (2)

where Q is the heat flux from the flame
divided by the wall surface area times At for
the wall in the cold layer. The heat flux
boundary condition to the wall in the hot layer
must consider radiative and convective heat
rates to the wall.

An overall heat balance in the fire
compartment is performed to calculate the hot
layer temperature. A simplified form of the
internal energy and enthalpy equation Is formu-
lated to obtain the hot layer temperature from
the principle of conservation of energy, and the
assumption that potential and kinetic-energy
terms are negligible.

Models for species inventories (carbon
dioxide, carbon monoxide, water, HCL, nitrogen,
oxygen, methane) of both hot and cold layers are
Incorporated in FIRIN. Assumptions are made in
the mass balance calculations that no mixing
takes place between layers, and only air is
found in the cold layer. It Is further assumed
that mixing within each layer Is uniform. The
ideal gas law is employed to obtain total mass
and molar information.

The three major mechanisms of fluid motion
considered In FIRIN are flows caused by fire
plume entrainment, ventilation, and additional
flow paths. Each of these mechanisms can
transport radioactive particles out of the
compartment. Mechanisms which contribute to the
radioactive particle depletion modeled in FIRIN
are sedimentation, Brownian diffusion, dlffuslo-
phoresis, and thermophoresls.

Radioactive source term models are built
into the FIRIN code in the form of subroutines
allowing estimation of the mass rate and size
distribution of radioactive particles becoming
airborne in the event of a fire. These models
are based on experimental data obtained from
burning contaminated combustibles such as rags,
gloves, and plastic bags in gloveboxes or
solvents, extraction fluids, and cleaning fluids
used in fuel cycle operations.

FIRIN Is designed to provide mass and
energy input (for the fire room) to FIRAC, which
models mass, energy, and heat transfer through
the ventilation system of a nuclear facility.

B. Explosion Chamber Model
Los Alamos National Laboratory

developed an explosion model called NORDAL that
was incorporated into the EXPAC computer code.
The NORDAL subroutine is capable of providing
the total energy released from TNT, red oil,
hydrogen and acetylene explosions in the form of
time functions. Parameters needed to model
explosions from these materials are the total
material mass, the material type, and the
characteristic length of the room where the
explosion occurs. The characteristic length is
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assumed Co be the cube root of the room volume.
Tlie characteristic length along with the speed
of sound is used to determine the characteristic
time*

Pressure pulses occur with most explosions.
After 4-8 pressure pulses, the room experiences
an over-pressurization. The characteristic time
is defined as the time factor after which a room
over—pressurizes and a peak energy release
occurs. The total energy released by the
explosion caused by the chemical exothermic
reaction between oxygen and the exploding
material is obtained by integrating the area
under the energy time function curve. This time
function is used by EXPAC to describe the
explosion. The gas-dynamic and material
transport affects of the explosion on adjacent
rooms is then determined by the network modeling
aspect of the EXPAC code.

III. MODELING NUCLEAR FACILITIES

The source terras determined by c~apartment
models or time functions are used to describe
the conditions In the near-field (close to the
transient). Numerous mechanisms occur which
result in a difference between conditions in the
near-field and conditions in the far-t^eld (at
the facility boundary). For example, particu-
late deposition will cause a difference in the
amount of radioactive participate released close
to the source and the amount that reaches the
facility's boundary.

For each of the codes, the ventilation
system is assumed to be the primary path for
particulate, heat, and gas transport to the
nuclear facility's atmospheric boundary.
Therefore, mathematical models and a network
modeling approach is used to describe material
and gas flows through a complex network of
rooms, gloveboxes, duct work, filtration
systems, and other components typically found in
a nuclear fuel cycle facility ventilation
system.

A. Gas-Dynamics and Network Modeling
Characteristically, nuclear facility

ventilation systems are essentially one-
dimensional with many branching and looping
ducts. Therefore, a lumped parameter of each
system element has been used as the methodology
to simulate a ventilation system. This method
is sometimes referred to as network modeling and
consists of dividing a ventilation system into a
number of system elements called branches,
joined at certain points called nodes. Spatial
distributions are not considered in this lumped-
parameter approach. Ventilation components that
exhibit resistance, such as dampers, filters, or
blowers, are located within system branches.
Mass flow rates across branches are calculated
from the following momentum balance equation:

dt A <• 2
- F + pAAZg

- A [(p2u2) V2 - (plUl) V j

where: p = gas density
P2 = pressure downstream

(3)

P. = pressure upstream
F = friction
g = gravitational acceleration

Vj = area out
^2 = area In

Here the terra on the left represents the total
momentum. The first two terms on the right
represent the pressure force and the friction
force, respectively. The third terra on the
right represents the gravitational force, and
the last terra represents the rate of momentum
influx and efflux by virtue of bulk motion. The
last terra in equation (3) is assumed to be zero
denoting equal momentum flows into and out of
the branch.

Frictlonal forces or resistances are
modeled through the application of a power law
relationship between force and volumetric flow
rates. For example, the resistance through a
duct is modeled as being proportional to the
volumetric flow rate squared. The resistance
coefficient can either be an input parameter
that remains constant during a given simulation,
or a calculated value based on the relationship
between force and flow rate.

The connection points (nodes) of a system
element are at upstream and downstream ends of
branches. Components that have larger volumes,
such as rooms, gloveboxes, and plenums, are
located at nodal points. Therefore, a node may
possess some volume or capacitance where fluid
storage or compressibility may be accounted.
The appropriate mass flow rates which are deter-
mined upstream and downstream of each node are
used along with node energy and mass balances to
determine node densities and pressures. The
energy and mass equations used in the node
calculation are the following:

Energy Balance

^ C > f V P i T i > ijo^-P.ul) + f-{pfhf-Plhi)

1 A+ §
gc c

" S2P2U2 l / 2 g " fc

i n i e t

o u t l e t

(4)

where: Q = heat added
o) = work
If » downstream branch gas temp.
T^ = upstream branch gas temp.
Sj =• upstream branch flow area
&2 = downstream branch flow area

Accumulation of kinetic and potential energy are
assumed to be negligible for node energy
balances.

Mass Balance

At (P."

where: downstream branch density
upstream branch density

(5)
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UJ, =• upscream branch gas velocity
uf • downstream branch gas velocity
M =• injected mass

Once the node pressure and density is
determined, the equation of state is used to
determine the node temperature.

Consequently, the unknowns that appear in
the equations describing system behavior are the
mass flow rates for each branch and the tempera-
ture and pressure at each node. These unknowns
appear in the LANL codes as a potentially large
set of simultaneous equations. Solutions to
these equations are obtained by a Newton-
Ralphson procedure, and decomposition of the
large set of equations into independent sets of
smaller numbers of equations. The calculated
node and branch gas-dynamics are used in many of
the material transport models presented in the
following sections.

Decoupling of the equations is accomplished
through omission, in the linearize energy and
mass balance for a given room, of the terms
which contain coefficients of variation with
respect to the density and pressure of air in
adjoining rooms.

B. Material Transport
The material transport models

incorporated in the network aspect of FIRAC
describe the types of phenomena that affect
accident induced material transport of Special
Nuclear Material (SNM) as it is transported
through a ventilation system. These phenomena
include convection, deposition and entrainment.
Each of these models assume that the SNM is in
the form of solid powders with a size range of
0.5 to 5.5 microns. Condensation is not
considered in any of the models, which is unlike
the material models incorporated in FIRIN.
Therefore, radioactive partlculate from an
extraction column in a reprocessing facility or
partlculate from other liquid operations are
handled in FIRAC as non-condensing media.

Other phenomena such as thermophoresis,
turbulent inertia deposition, and coagulation
are prevalent for the size particles considered.
These phenomena are being studied, and models
are being developed to upgrade the present
material transport aspect of the codes.

1. Convection. Convection is the
transport of partlculate or heat by the circu-
lation or movement of a fluid or gas. When a
postulated accident occurs in a fuel cycle
facility, snail particles in the micron range
may be released. The particles can be trans-
ported by the movement of a gas (air) through
the ventilation system of the nuclear facility.
The transported particulate and the host gas are
assumed to form a multiphase, multlcomponent
system. It is assumed in the material transport
model of FIRAC that particle sizes are small,
that the small particles have a small relaxation
time compared to its residence time, and that
the particle mass fraction Is small relative to
gas mass in the same volume. Thus, the particu-
late would have nearly the same velocity as the
gas. Under these conditions the gas and
partlculate are in dynamic equilibrium. The gas

velocity obtained from the gas-dynamics calcula-
tion along with the continuity equation

— / p dv = - / p up • ds + Mp
v P s P

(6)

where: p = particulate density based on
p mixture volume (equals gas

density)

particulate velocity (equals gas
velocity)

Mp

can be used to determine the material density
concentration.

2. Gravitational settling. A small
particle falling under the action of gravity
will accelerate until the drag force just
balances the gravitational force. It will then
continue to fall at a constant velocity known as
the settling velocity. The settling velocity
can be obtained by equating the drag force to
the gravitational force, then solving for
velocity. The drag force is obtained by solving
the Navier-Stokes equation which describes fluid
motion, using simplifying assumptions. The
solution is referred to as Stoke's Law (Hinds,
1982).

FD - 3wnud (7)

where: r\ - viscosity
u « particle velocity
d - particle diameter

Equating Stoke's law to the gravitational force
produces the settling velocity equation:

P d 2

P 8
18n (8)

The settling velocity Is used in FIRAC as a sink
term to account for the amount of material that
Is deposited due to gravity throughout the
ventilation system as the material Is convected.

3. Entrainment. Entrainnent is the
displacement of stationary particles when aero-
dynamic forces are equal to or exceed the
threshold velocity (air speed) required to
overcome particulate restraining forces.

Iverson (Iverson, 1976) conducted
experiments to determine the threshold friction
speed (U*t) for a number of material sizes and
densities for a thick bed (0.5 inches or
greater) of material. The parameters U*t and
particle diameter (d ) were plotted, and equa-
tions were fitted to the data. The resulting
equation along with the equation which relates
the friction velocity to the velocity at the
boundary edge can be used to determine the
friction and threshold velocities. Travis
(Travis, 1975) suggested that the following
equation for the particle flux (qv) can be used
to determine the ma&s of particles per unit area
per unit time that go into suspension due to
entrainment
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qv " ql

where:

(9)

mass percentage of suspendable
particles

C , C. « empirical constants (2 x 10
and 10" , respectively)

q. = horizontal mass flux along a
plane (2.61 ' '-' • -<L

-10

The amount of material suspended is used as a
source term in FIRAC, and is added to the amount
of material being convected.

C. Duct Heat-Transfer
The purpose of the duct heat-transfer

model is to determine how a combustion gas in a
system cools down or heats up as it passes
through a duct. KIRAC is the only code of the
three which has heat-transfer features. Duct
work is the only ventilation component for which
heat-transfer is modeled. The model predicts
the temperature of a gas leaving a duct when the
inlet gas temperature is known.

The heat-transfer model is comprised of
five modes of heat transfer. Forced convection
between the combustion gas and the inside duct
walls is calculated by the following equation

out in
m C

(10)

where: T l n = temp, of gas coming in

T o u C - temp, of gas going out

Q^ = energy transferred from gas to
duct wall due to convection
(Qcl) and radiation (Qri)

m • mass flow rate of gas coming in

C =• specific heat of gas coming in

The convection component of Q* is a function of
the gas temperature and the duct wall tempera-
ture. The radiation component of Q^ is a
function of intensity factors associated with
the duct wall, gas temperatures, and gas compo-
sition. The wall temperature is calculated by
solving the heat conduction equation. Natural
convection heat transfer from the outside duct
walls to the surroundings, and radiation heat
transfer from the outside duct walls to the
atmosphere are also modeled.

IV. CODE OUTPUTS

Code outputs include calculated
temperatures, pressures, and material concentra-
tions at nodal points (nodes) as a function of
time. Other code outputs include predicted
flows, material flow rates, pressure differen-
tials, and material accumulations on filters as
a function of time. Code outputs are written to
a scratch file during the transient calculation
for editing or plotting by the output processor.

Figures 1-2 illustrate sample temperature
and pressure code outputs for a room where an
explosion is simulated using NOKDAL. Figure 3
depicts sample volumetric flow rates through
branches or duct work connected to the room
where the explosion was simulated.
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Figure 1. Plot of temperature versus time for
room where an explosion occurs.
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Figure 2. Plot of pressure versus time for a
room where an explosion occurs.
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Figure 3. Plot of volumetric flow versus time
for ducts connected to a room where a
transient is occuring.

V. CODE SPECIFICATIONS

The LANL developed codes (TORAC, EXPAC, and
FIRAC) were programmed to run on a CDC 7600
computer. Each of the codes were also modified
to run on a VAX 11/780 system. A personal
computer (PC) version of FIRAC has been created.
The PC version of FIRAC does not have FIRIN
incorporated within it. For FIRIN to be incor-
porated an overlay procedure must be performed.
The present PC version of FIRAC must be compiled
in segments due to the size limitation of most
PC Fortran compilers. Each segment must be
linked to produce an executible FIRAC file.

The size of each code varies due to their
different features. FIRAC is the largest code.
It has about 9000 lines of code (including
common and comments) and 85 subroutines. Its
large size is primarily due to the extensive
compartment model within it (FIRIN), which
consists of 2247 lines of code. EXPAC also has
about 9000 lines of code and 44 subroutines.
The explosion chamber model NORDAL contributes
greatly to its size. TORAC Is the smallest of
the three codes. It consists of about 5000
lines of code and only 26 subroutines. TORAC
lacks the capability of modeling multiple
species and uses an incompressible flow
algorithm to model gas dynamics. Each of the
codes are comprised of numerous subroutines
which are Indicative of their modular structure
which allows relatively easy modification.

Manuals that describe the use of each code
are published as Los Alamos Reports (Gregory,
1985). Each manual consists of a chapter which
explains in general terms each of the code
features, how to develop input files, and sample
problems.

VI. CONCLUSIONS AND FUTURE WORK

Codes that predict the gas dynamics, heat-
transfer, and material transport induced from
fire, tornado, and explosion transients in
nuclear fuel cycle facilities are being

developed. These codes would reduce the amount
of uncertainty involved in estimating the amount
of material that reaches a facility boundary as
a result of an accident. The source term
obtained from the codes along with plume models
and other models which describe environmental
conditions outside of the facility can estimate
the impact on public health and safety as a
result of an accident.

Because of the detailed modeling of
ventilation systems incorporated in each code,
the codes can be used as a tool to aide in the
designing of ventilation systems.

The material transport models presently
incorporated in the codes are primarily for the
transport of non-condensing, spherical particles
0.5 to 5.5 microns in diameter (typical size of
SNM powders). The codes are presently inappro-
priate to model fission product releases from
spent fuel storage facilities, because spent
fuel gases and partlculate are smaller than the
size particles modeled in the codes. Diffusion
models must be incorporated into the codes to
determine an accurate prediction of smaller
particle deposition. The material transport
models are also Inappropriate for modeling
accidents involving wet solutions similar to
those that exist at solvent extraction opera-
tions. Though the FIRIN subroutine has the
capability of modeling diffusiophoresis, which
is due to condensation and Stefan flow, the
network modeling approach of the codes Is not in
itself capable of modeling condensation.

Deposition due to thermophoresls and
turbulent inertia Is presently being incor-
porated Into the codes.

An experimental facility at New Mexico
State University has been built to verify exper-
imentally the heat-transfer, material flows, and
gas-dynamic models Incorporated in the codes.
The experimental apparatus consists of duct work
connected to a cylindrical and rectangular
compartment. A fan provides air flows similar
to those encountered in a ventilation system.
The air Is heated by passing it through a
furnace, which simulates hot air from an explo-
sion or fire. The air passes through a number
of dampers and filters in the duct work.
Pressure transducers and thermocouples are also
positioned through the duct to measure pressure
drops and heat, respectively.
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ABSTRACT

In la te 1983, EPRI began a program to
encourage and stimulate the development of
Artificial Intelligence applications for the
nuclear industry. As a part of that effort,
EPRI has contracted Technology Applications,
Inc. (TAI) to develop an a r t i f i c i a l ly
intelligent Emergency Classification System
Prototype. This paper presents a description
of and a status report on this recently
completed prototype.

I . EMERGENCY CLASSIFICATION DOMAIN OVERVIEW

Because there ex i s t s the p o s s i b i l i t y of an
accident at a nuclear facility which could
cause adverse health effects in the areas
surrounding the plant, a great deal of
planning and preparation takes place to reduce
or eliminate public health consequences of a
reactor accident, should one occur. One of
these planning elements involves the
classification of emergencies into one of four
standardized classes by use of Emergency
Action Levels (EALs). The four classes of
emergencies are:

Notification of Unusual Event
Alert
Site Area Emergency
General Emergency

EALs represent the observables, thresholds
and logic for mapping plant and s i t e
conditions into the appropriate emergency
class . A great deal of information is
available in the power plant (both sensors and
manual observables) to help the staff identify
and classify an emergency situation. However,
this wealth of data must be reduced in an
expeditious manner during a tine when the
staff is already busy responding to an off-
normal condition. This would seem to be a
problem well-suited to computerization, and
yet, at most plants, manual look-up tables are
used in the emergency classification process.

Attempts to computerize this process are
hindered by the fact that the data contains
significant uncertainties. There may be
missing, conflicting, or ambiguous sensor
readings or there may be false alarms.
Therefore, judgement is required for proper
interpretation of the information. The use of
conservative assumptions within a computer
program (a technique often used to solve this
problem in many conventional safety-related
programs) does not offer a solution in the
current problems because over-reacting is just
as detrimental as under-reacting.

The use of an Expert System approach can
overcome these problems by incorporating
Domain Knowledge (heuristics) into the
computer program such that i t can begin to
make judgements regarding the data. Such a
solution not only computerizes the data
acquisition and processing, but also can
appropriately compensate for the uncertainties
contained in the data.

I I . REALM OVERVIEW

The Reactor Emergency Action Level Monitor
(REALM) i s d e s i g n e d t o p r o v i d e e x p e r t
assistance in the determination of the
appropriate emergency status for a nuclear
power plant. REALM is an EPRI-funded expert
system developed by Technology Applications,
Inc. to operate in a real-time processing
environment. REALM embodies a hybrid
architecture and thus utilizes both rules and
object-oriented programming techniques. The
rule-base consists of two general classes:
deterministic rules, which codify the logic
embodied in the current EAL tables, and
heuristic rules, s t i l l under development,
which will resolve ambiguities and data
conflicts, identify false alarms, and draw
inferences in light of missing data. The
heuristic rules will go beyond the current EAL
structure to address the more problematic
scenarios and en t a i l a more symbolic
representation of the plant information. The
heuristic rule processor (inference engine)
also has the ability to accept and propagate
belief information such that conclusions can
include a certainty factor.
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REALM has been designed to ultimately
interface with the plant in some manner in
order to collect sensor data. The most likely
interface is with the Safety Parameter Display
System (SPDS) computer, since i t is already
charged with the collection of safety and
emergency-related data. However, during this
prototype development stage, REALM utilizes
simulated sensor data which is stored on disk
and read in as if i t were actual instrument
readings. REAli-1 must also interface with its
user(s ) . Approximately 1/4 to 1/3 of the
necessary information must be manually entered
into the system. However, the manually derived
inputs relevant to any given emergency is
small and, thus, the user is prompted only for
those relevant inputs.

REALM has four operating modes of which
two are on-line (Actual and Trial) and two are
off-line (Scenario Development and Training).
In Actual Mode, REALM interprets the input to
identify and classify emergencies in real-
time. Thus, REALM will display to the user its
current findings on the appropriate emergency
class and the reasoning which led to those
findings. The Trial Mode allows the user to
make assertions in order to assess their
impact {e.g. see i f terminating flow in a
certain system would cause a higher Emergency
Class to be invoked).

The Scenario Development Mode serves as a
step-wise training and exercise f i l e builder.
This mode operates off-line and in non-real-
time, thus allowing a user from the Emergency
Planning or Training Staff to assert a set of
plant conditions, see the impact on the EALs,
look ahead to find events which would cause
the next higher level of emergency, and
finally store on disk that set of conditions
if desired. The Training Mode uses a Training
File (developed using the Scenario Development
Mode) to sinulate the plant's behavior during
an emergency in order to train operators in
emergency classification and users of REALM in
its operation. The Training Mode operates in
real-time (as represented on the simulated
accident scenario) but i s o f f - l ine and
includes the scoring and archiving of the
trainee's response.

Within each mode, the user may request a
v u l n e r a b i l i t y analysis or the system's
r a t i o n a l e for t h e c u r r e n t p l a n t
classification. The vulnerability analysis
evaluates the current knowledge context,
reviewing a l l of the rules relevant to the
next higher emergency class and determining
what n (for n = 1, 2, 3, 4) events would cause
t h a t h igher c l a s s to be d e c l a r e d .
Conceptually, this involves backward-chaining
inference to ident i fy which rules are
partially satisfied and to l i s t the missing
antecedents. The processor then translates the
l i s t and displays i t in the Vulnerability
Window. The rationale processor will collect
all of the facts (and certainty factors, if
applicable), process the l i s t , and display the
information in the Rationale Window.

REALM resides on a Xerox 1108-121 Lisp
Machine within Inte l l icorp's Knowledge
Engineering Environment (KEE), with extensions

( i . e . methods, functions, procedures, and/or
other u t i l i t i e s ) wri t ten d i r e c t l y in
Interlisp-D. The power of KEE's hybrid
architecture for knowledge representation
(frames, active values/demons, or rules) along
with the powerful man/machine interfaces
(graphics, windows, KEE editor, and mouse)
have been u t i l i z e d t o p r o d u c e a
productive/effect ive/eff ic ient emergency
management decision aid.

I I I . REALM PROBLEM-SOLVING APPRCftCH

The process of emergency c l a s s i f i c a t i o n
being developed in REALM invo lves a d ia logue
among s e v e r a l "mini -experts ," each charged
with investigating a specific aspect of the
problem. First, REALM must read-in and
evaluate the observables (sensored and
manual). This step includes flagging of
missing and out-of-expected range readings,
the setting and monitoring of clocks, and
trending of the data. The Conditions Expert
reviews the data looking for specific
conditions of interest (such as steam
generator levels and pressures). Next, the
Radiation Expert must assess radiation levels
and location. His job is to determine abnormal
amounts or locations of radiation and to
monitor release rates and off -s i te dose
project ions . Then, the Critical Safety
Functions Expert must evaluate the status of
the various Critical Safety Functions and,
likewise, the Fission Product Barrier Expert
must evaluate the integrity of each of the
three Fission Product Barriers. Next, the
Threats Expert performs f irst-order
diagnostics to look for known accident
sequences ("first-order" means that the
diagnosis only goes deep enough to classify
the emergency but probably not deep enough to
correct i t ) . If a specific accident i s
identified, the Resources Expert checks for
the operability or availabil ity of the
resources intended to counter that accident.
Finally, the EAL Expert, using the input from
the other experts, classifies the emergency
level by evaluating parameters against their
thresholds, by balancing threats against
countermeasures, and by evaluating the
degradation (or potential degradation) of the
Critical Safety Functions and Fission Product
Barriers.

IV. REALM STATUS

The REALM "alpha" prototype was completed
in early September and i s currently undergoing
extens ive evaluation by the TAI Project Team,
a s w e l l a s p e r s o n n e l from EPRI and
Consolidated Edison (the collaborating
utility). The primary focus of current efforts
is on system performance (i .e. REALM response
time). During the development of REALM, no
effort was expended on maintaining system
performance. An early prototype (completed in
February, 1986) could process a "snapshot" of
plant data in about 30 seconds, a duration
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considerably faster than could be accomplished
by a human expert charged with solving the
problem. However, as features and scope have
been added, performance has gradually degraded
to about 10 minutes. Therefore, our current
mission is to get REALM'S response time back
to the 1/2 minute time-frame. Other current
work revolves around comple t ion and
incorporation of "advanced topics" such as

model-based conflict resolution and certainty
factor propagation.

Finally, we have begun to actively solicit
additional industry evaluations of REAU-' and
thus extend an invitation to u t i l i t i e s to
visi t TAI (in Jacksonville, FL) or EPRI (in
Palo Alto, CA) to participate in our formal
evaluation program.
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ABSTRACT. Models which can be used for the
analysis of the economic risks from events
which may occur during LWR operation have been
developed. The models include capabilities to
estimate both onsite and offsite costs of LWR
events ranging from routine plant forced
outages to severe core-melt accidents resulting
in large releases of radioactive material to
the environment. The economic consequence
models have been applied in studies of the
economic risks from the operation of US LWR
plants. The results of the analyses provide
some important perspectives regarding the
economic risks of LWR accidents. The analyses
indicate that economic risks, in contrast to
public health risks, are dominated by the
onsite costs of relatively high-frequency
forced outage events. Even for severe (e.g.,
core-melt) accidents, expected offsite costs
are less than expected onsite costs for a
typical US plant.

I. INTRODUCTION

Several studies have examined the economic
risks from unanticipated events which occur,
or could occur, during US LWR operation (Burke
et al., 1984; Starr and Whipple, 1981; USNRC,
1975.) Models have been developed in one of
these studies to estimate the economic conse-
quences of LWR forced outages and accidents
(Burke et al., 1984). These economic conse-
quence estimates can be used together with
estimates of event frequencies to calculate the
"expected" losses from LWR operational inci-
dents of various severities. Both "onsite"
costs, which either occur at onsite locations
or most directly affect the plant licensee, and

a This work was supported by the U. S.
Nuclear Regulatory Commission and performed
at Sandia National Laboratories which is
operated for the U. S. Department of Energy
under Contract Number DE-AC04-76DP00789.

"offsite" costs, which most directly affect
the public surrounding the plant, are included
in the predictions of the economic risks from
LWR operation.

This paper provides a brief overview of the
analytical models which have been developed to
estimate the economic risks of LWR outages and
accidents. Assumptions regarding post-accident
offsite emergency protective measures, which
are closely tied to estimates of economic
consequences, are also reviewed. The results
of an example analysis performed using the
economic consequence models are discussed.
Some broad perspectives derived from studies
of economic consequences of reactor accidents
which have b«en performed are reviewed, with
comments in light of the (limited) publicly
available information regarding the Chernobyl
event.

11. ACCIDENT ECONOMIC IMPACTS, MODELS

A. Onsite Costs
Economic consequence models have been

developed to include the following onsite costs
which either occur at onsite locations or most
directly affect the plant licensee:

- power production cost increases
(replacement power costs) due to LWR
outage time,

- physical plant capital losses caused
by severe accidents,

- plant decontamination costs,
- plant repair costs,
- early decommissioning costs after
severe accidents,

- plant worker health impact costs.

The power production cost increases caused by
the need for utilizing generating facilities
with higher fuel cycle costs during LWR outages
are the dominant loss contributors for unan-
ticipated forced outage events which do not
result in core damage. These costs can be
estimated using models developed at Argonne
National Laboratory which account for regional
and/or plant-specific variations in the mix of
generating facilities used to provide
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replacement power and the costs of replacement
fuels (Buehring and Peerenboom,1982; VanKuiken
et al., 1984). These costs range from approx-
imately <200/MWe-day up to *1000/MWe-day
depending on the plant location in the Us,
seasonal variations, and the costs of available
fossil fuels. Plant repair cost estimates for
forced outage events which do not result in
core damage are based on operating experience
in the US. The costs of plant repair have
generally been small relative to replacement
power costs for events which do riot result in
core damage.

For more severe accidents involving core
damage, power production cost increases,
physical plant capital losses, and plant
decontamination costs are the most important
onsite cost contributors. Plant decontamina-
tion costs are modeled based on experience with
the Three Mile Island Unit #2 cleanup program
and engineering studies of post-accident decon-
tamination (Murphy and Holter,1982). These
costs are estimated to range between llB and
$2B depending on the physical progression and
severity of the accident. Costs associated
with decommissioning before the end of planned
plant lifetime and the costs of possible plant
worker health effects do not contribute signi-
ficantly to the expected onsite losses from
either routine forced outage events or severe
accidents. In addition to the onsite cost
components included in the consequence models,
electric utility business costs, nuclear power
industry losses, and onsite litigation costs
have been addressed in the development of
economic consequence models. These costs could
be very important to specific organizations
after severe accidents, but are not included
in estimates of societal losses.

B. Offsite Costs
Economic consequence models have also

been developed to estimate the offsite costs
of severe accidents which might result in a
release f radioactive material to the environ-
ment. The latest version of economic conse-
quence models developed at Sandia National
Laboratories are contained in the MACCS (MELCOR
Accident Consequence Code System) code (Alpert
et al.,1985; Chanin et al., 1986). The MACCS
code models the impact of atmospheric disper-
sion and deposition, dosimetry, and public
protective actions on offsite health and
economic consequences. Health consequences and
offsite costs are calculated probabilistically
based on the estimated frequencies of specific
radioactive releases (source terms) and the
meteorological conditions at the time of a
release. Economic consequence estimates have
also been available in earlier reactor accident
consequence models including CRAC2, UFOMOD and
MARC (USNRC, 1975; Bayer et al.,1982; Clark and
Kelly, 1981).

The MACCS models include the following
offsite costs of public protective measures and
health impacts for severe LWR accidents which
might result In a significant release of
radioactive material to the environment:

- evacuation costs,
- temporary population relocation
costs,

- agricultural product disposal costs,
- land and property decontamination
costs,

- land interdiction costs,
- permanent population relocation
costs,

- health impact and medical care costs.

The costs of evacuation and temporary popula-
tion relocation include outlays for food,
housing, and transportation to move individuals
either prior to a release of radioactivity or
from areas contaminated immediately after a
release occurs. The loss of productivity of
individuals moved from contaminated areas is
also included in the relocation costs.
Agricultural product disposal costs are esti-
mated based on the market value of contaminated
goods which are not suitable for consumption.
Land and property decontamination costs are
based on cleanup efforts aimed at achieving
specific exposure reduction factors in urban
and rural areas. In addition, the cost of
population relocation during decontamination
is also included in the offsite cost models.
The costs of land interdiction are estimated
using present value discounting and the
estimated tangible wealth contained within
areas which cannot be decontaminated to accept-
able levels for habitation. The costs of
permanent population relocation from inter-
dicted areas, including possible periods of
productivity losses, are also calculated in the
models. Finally, the purely economic costs of
offsite health effects, including lost produc-
tivity and medical costs, are included in the
models.

III. EXAMPLE;

The onsite and offsite economic consequence
models have been combined with historical out-
age frequency data and estimates of severe
accident frequencies to estimate the economic
risks from plant operation over the remaining
lifetime of a typical US LWR facility. Table
1 shows the expected losses from both routine
forced outage events and severe (core-melt)
accidents for the remaining lifetime of the
example plant (assumed to be approximately 30
years). The present values of expected plant
losses for the remaining lifetime are expressed
in 1982 US dollars and are shown for discount
rates of 0%, 4%, and 10%. Table 1 shows that
the expected losses from severe accidents are
small ($l-$6 million dollars) relative to the
expected losses from routine outage events
($84-$270 million dollars) for the remaining
lifetime of this plant. This results from the
relatively high frequency of forced outage
events and the substantial power production
cost increases for LWR forced outages. Table
1 also shows that even for core-melt accidents,
expected onsite losses are substantially larger
than expected offsite losses.

An example of the breakdown of offsite cost



Table 1. Present Value of Routine Outage and Severe Accident
Economic Risks for Remaining Life of Example Plant

Routine Forced Outage Events Core Melt Accidents
(No Core Damage) (=6xlO~5/reactor-year)*

Discount Rate

Ot

4t

104

(=ao/reactor-year)

I2.7X108

$1.6xlO8

$8.4X1O7

Offsite

$4.4xlO5

$2.5xlO5

$1.3xlO5

Onsite

$5.5xlO6

$3.3xlO6

$1.7xlO6

TpJt.aJ

5.9X1O6

$3.6xlO6

il.8xlO6

Estimated risks for core-melt accidents based on RSS PWR core-melt
accident frequencies and source terms with conseguence calculations
performed with new economic conseguence models.
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components for both a large release of radio-
active material (the PWR-2 release category in
the RSS) and .a smaller release (the PWR-5
release category in the RSS is shown in Table
2. All costs are expressed in 1982 dollars
and are mean estimates conditional upon the
release. The table shows that costs associated
with land and property decontamination and
interdiction are the most important contribu-
tors to offsite costs for a large release of
radioactive material, and that the costs
associated with evacuation, agricultural
product disposal, and health effects and health
care costs become more important for smaller
releases. However, the comparison of total
offsite and onsite costs in Table 2 shows that
offsite costs are negligible relative to onsite
costs for the PWR-5 source term. Even for the
PWR-2 source term, onsite costs are larger than
offsite costs for the example site.

Table 2 also shows other attributes of the
post-accident recovery program which are calcu-
lated in the economic consequence models. The
estimates of population exposures avoided by
protective measures are useful for performing
cost-benefit analyses in developing protective
action criteria. The attributes of the
required decontamination program, including
exposures to workers and labor requirements,
are useful for determining if resource limi-
tations would be a problem in postaccident
recovery operations. For example, Table 2
shows that a large number of decontamination
workers would be required to complete the
recovery program in a short period of time
following a very large release (PWR-2) of
radioactive material.

In general, analyses perfoi-med with the
offsite economic consequence models indicate
that the costs of population evacuation,
temporary relocation, and possible agricultural
product disposal are important for severe
accidents which result in only in very small
releases of radioactive material to the
environment. The costs of decontamination or
interdiction of offsite land and property
become important for severe accidents which
result in larger releases of radioactive
material, and dominate the offsite costs of low
probability accidents with very large releases
of radioactive material. The economic conse-
quence models in MACCS are currently being
employed in studies of LWR accident conse-
quences that are based on updated source term
information. The studies have shown that the
offsite economic consequences of an accident
are strongly dependent upon source term defi-
nition and the criteria chosen for the imple-
mentation of population protective measures
including land area decontamination, interdic-
tion, and population relocation. Changes in
source term definition and the criteria chosen
for the implementation of population protective
measures can impact offsite cost estimates by
several orders of magnitude. The site demo-
graphic characteristics also directly influence
economic consequence estimates, but less
dramatically.

IV. PERSPECTIVES AND DISCUSSION

The analyses performed with the economic
consequence models described in this paper
provide the following general perspectives and
conclusions regarding the economic risks from
US LWR operation:

1. In contrast to public health risks, the
economic risks from US LWR operation
are dominated by relatively high fre-
quency, small consequence forced outage
events. Most of the costs of these
events results from reduced plant
availability and capacity factors and
the need for use of higher marginal
cost fuel sources for the generation
of electricity.

2. The economic risks from US LWR opera-
tion are dominated by onsite losses
resulting from replacement power costs
for short-term outages. Severe acci-
dent economic risks are also dominated
by onsite losses including replacement
power costs, plant capital losses, and
plant decontamination costs. Only very
low probability core-melt accidents
with large releases of radioactive
material could result in offsite costs
as large as onsite costs.

3. The onsite economic risks from severe
accidents may be significantly
increased for plants at multiple unit
sites. This is due to the possibility
that a single event may result in
damage and loss of power production
capability at more than one plant.

4. Offsite costs for events which result
in negligible or small releases of
radioactive material to the environment
are predicted to be small compared to
onsite costs. The costs of possible
population evacuation, temporary
relocation, and agricultural product
disposal are the most important offsite
cost contributors for these events.

5. The costs of decontamination or inter-
diction of offsite land and property
become more important for low probabil-
ity, severe accidents that can result
in larger releases of radioactive
material.

6. Offsite economic consequence estimates
are also strongly dependent upon the
definiticn of accident source terms,
including the specified radionuclide
content of a release.

7. Estimates of offsite accident costs are
strongly dependent upon assumptions
regarding population protective
measures and the criteria employed for
decision making regarding the implemen-
tation of protective actions at offsite
locations.



Table 2 . Onsite and Offsite Accident Costs Conditional Upon RSS Category
PWR-2 and PWR-5 Releases. Example Plant and Site

Mean Costs (1982 U. S. Dollars)

Offsite Cost Component

Evacuation

Emergency Phase Relocation

Intermediate Phase Relocation

Agricultural Product Disposal

Population Relocation during Decontamination

Land and Property Decontanination

Land and Property Interdiction

Interdicted Population Relocation

Offsite Health Effects and Health Care

PWR-2

$4

$2

$7

$9

$7

$6

$1

$2

$1

$1

$3

Release

.4X106

.2X107

.6X107

.lxlO7

.lxlO7

.4X1O8

.6X1O8

.7X107

.7X1O8

.3X10"

.3X1O9

PWR-2 Release

1.

>s 3.

2.

1.

4.

5X105

1X105

6X1O3

1X104

6X10*

Person-Sv

Person-Sv

Person-Sv

PWR-5 Release

$4.4xlO6

$5.9xlO5

$1.7xlO6

$2.3xlO6

$2.8xlO5

$8.9X1O6

$9.9X10*

$2.4xlO2

$6.8xlO6

$2.5xlO7

$3.3x10'

PWR-5 Release

5.9X1O3 Person-Sv

1.3x10 Person-Sv

1.7x10 Person-Sv

Person-Years 1.7x10 Person-Years

Persons 6.9x10 Persons

Total Offsite Cost

Total Onsite Cost

Other Attributes froi Economic Models

Total Population Dose Incurred. 0-100 Years

Total Population Dose Avoided by Protective Measures

Total Dose to Decontamination Workers

Labor Required for Decontamination Program

Number of Decontamination Workers Required

for Completion of Program in 90 Days
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8. The analytical models and quantitative
predictions of offsite economic losses
from severe reactor accidents may vary
significantly for different nations due
to fundamental differences in national
and/or regional economies. However,
the philosophy employed in the develop-
ment of the MACCS economic consequence
models, specifically the calculation
of economic consequences based on
projected implementation of population
protective measures, has broad
applicability.

9. The economic consequence models
described in this paper have been
developed specifically for LWR plant
accidents, and no calculations have
been performed for other plant types.
However, the limited publicly available
information regarding the Chernobyl
event seems consistent with the assump-
tions and philosophy incorporated into
the economic consequence models,
particularly in the modeling of
offsite population protective measures.

REFERENCES

Alpert, D. J., et al., "The HELCOR Accident
Consequence Code System (MACCS)," SAHD85-
0884C, Sandia National Laboratories, April
1985.

Bayer, A., et al., "The German Risk Study:
Accident Consequence Model and Results of
the Study," Nuclear Technology. Volume
59, October 1982.

Buehring, W. A., and Peerenboom, J. P., "Loss
' of Eenefits Resulting from Nuclear Plant

Outages," Argonne, IL, Argonne National
Laboratory, NWREG/CR-3045 (ANL/AA-28),
March 1982.

Burke, R. P., Aldrich, D. C , and Rasmussen,
N. C , "Economic Risks of Nuclear Power
Reactor Accidents, Sandia National Labora-
tories, Albuquerque, NH, NUREG/CR-3673
(SAND84-0178), April 1984.

Chanin, 0. I., at «1., "MKLCOR Accident Conse-
quence Code System (MACCS) User's Guide,"
NURKC/CR-4467, Sandia National Labora-
tories, preliminary version, February 1986.

Clark, R. H. and Kelly, G. I., "MARC - The HtPB
Methodology for Assessing Radiological
Consequences of Accidental Releases of
Activity," Chilton, England, National
Radiological Protection Board, NRPB-R137,
1981.

Murphy, E. S. and Holter, G. M., "Technology,
Safety, and Costs of Decommissioning
Reference Light-Water Reactors Pollowing
Postulated Accidents," Richland, HA,
Pacific Northwest Laboratories,
lTUREG/CR-2601, September 1982.

Starr, C. and Whipple, C., "Coping with Nuclear
Power Risks: The Electric Utility Incen-
tives," Electric Power Research Institute
Paper, September 10, 1981.

U. S. Nuclear Regulatory Commission, "The
Reactor Safety Study, Main Report,"
Washington, DC, WASH-1400 (NUREG-075/14),
October 1975.

VanKuiken, J. C , Buehring, W. A., and
Guziel, X. A., "Replacement Energy Costs
for Nuclear Electricity-Generating Units
in the United States," Argonne, IL,
Argonne National Laboratory, NUREG/CR-4012
(ANL-AA-30), October 1984.



ANS Topical Meetog <m RaitotofkuU AccMerti—
Perspectives u d Eaergemcy Pl»—i«f

Restoration of a Radiologically Contaminated Site:
SAGEBRUSH IV

Jack J. Tawil

ABSTRACT This paper describes the development
of a site restoration plan for the SAGEBRUSH IV
exercise held In northeastern Washington state
1n mid-August, 1986. DECON, a computer program
developed by Pacific Northwest Laboratory, was
used to produce Information around which the
site restoration plan was developed. The features
of DECON that are demonstrated In this paper
Indicate Its potential usefulness as a planning
tool for site restoration. Strategies that are
analyzed with DECON Include: 1) prohibiting
specific operations on selected surfaces; 2)
requiring that specific methods be used on selected
surfaces; 3) evaluating the trade-off between
cleanup standards and decontamination costs; 4)
evaluating the sensitivity of the results to
various assumptions; and 5) varying cleanup stan-
dards according to expected human exposure to
the surface.

I. INTRODUCTION

In August 1986, several federal, state and
local agencies participated In a field exercise
at a remote location In northeastern Washington
state, near Kettle Falls. Called SAGEBRUSH IV,
the exercise centered around a simulated ra1d-a1r
collision between a C-141 and an F-16 aircraft.
Nuclear weapons aboard the C--141 were released
and damaged, causing dispersion of radioactive
products Into the environment. A site map 1s
shown 1n Figure 1. Tills paper describes the
site restoration analysis conducted during the
exercise, using DECON, a computer program deve-
loped at Pacific Northwest Laboratory. In addition
to the analyses performed at the exercise, the
paper also Is used to demonstrate other available
features of DECON.

II. A DESCRIPTION OF DECON

DECON Is an analytical tool that can be used
to develop a site restoration plan for extensive
land areas that have been contaminated with radi-
ological products. It works on the principle of
minimizing the social costs of the accident by
selecting a decontamination strategy. Although
not all of the off-site social costs of an accident

are explicitly considered by DECON, a large major-
ity of them are taken Into account. Information
reported by DECON Includes 1) the least costly
decontamination method that will effectively re-
store each contaminated surface, 2) the cost of
the method, 3) Its effectiveness, 4) the rate at
which It can be applied, and 5) the manpower and
equipment required to Implement It.

DECON makes use of two data bases. The first,
the reference data base, contains data on decon-
tamination operations and methods. An operation
Is defined as a single technique for decontaminat-
ing a surface. Operations currently Implemented
by DECON and their symbols are presented In Tablt
1. A decontamination method Is defined as one
or more sequential operations. For example, the
method VFR consists of the sequential operations:
vacuum (V), foam (F), and remove and replace
(R). The reference data base 1s documented 1n
Tawil et al. (1985).

TABLE 1. Decontamination Operations
and Symbols

Plow P
Vacuum Blast Q
Strippabie Coating R
Defoliate S
Leach-EDTA T
Foam t
3" Asphalt U
HI Pressure Water V
Steam Clean v
Wash * Scrub W
Resurface X
Leach-Fed x
Close Now Y
Clear; Harvest Z
Plane, Scarify; Radical

Thin Paved Layer
Very HI Pres. Water
Remove t Replace
Sandblast
Sealer; Fixative
Fixative, Aerial
Hydrobiast
Vacuum
Oouble Vacuum
Lo Pressure Water
Scrape 4"-6"
Double Scrape
Deep Plow
Remove Structure
Prune

The second data base Is comprised of site-
specific Information, Including the type of
property that Is contaminated, the value of the
property, and the severity of contamination.
The first step In preparing the site data base
Is to divide the accident site Into a grid. The
grid elements may be of any size or shape. Two
criteria are applied In defining the grid elements.
First, we assume that all exterior, horizontal
surfaces within a grid element are equally contam-
inated. Second, we assume that within a grid
element physically similar property has the same
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>29.6 MBq/rn
- - 1.85 -29.6 MBq/m2

0.37-1.85 MBq/m2

112 - 374kBq/m2

<37.4 - 111 kBq/m2

7.4 - 37.4 kBq/m2

Colville National Forest Control Area

West Bank
Population 300 I

\__5- /

Fig. 1. SAGEBRUSH IV Exercise Site with Isopleths and Grid Elements

economic value. There Is virtually no limit to
the number of grid elements that can be processed
by DECON. While a finer grid could be expected
to give more accurate results, It would also
require the user to provide a larger quantity of
site-specific Information.

DECON operates on the principle that Identical
methods can be used to decontaminate like surfaces
that have been equally contaminated. The appeal
of this approach Is that the entire analysis can
be based on surfaces. Some land uses, such as
streets, wooded areas and vacant land, can each
be thought of as consisting of Just one type of
surface. Other land use types—notably residen-
tial, commercial and Industrial—are best thought
of as consisting of a wide variety of surfaces.
These types must be decomposed Into their constitu-
ent surfaces If they are to be made amenable to
the "surface" approach being suggested here. The
surface types currently Implemented by DECON are
listed In Table 2, along with exposure factors,
which are discussed later.

TABLE 2. Surface Types Currently Implemented
by DECON, and Exposure Factors

Agricultural Fields
Orchards
Vacant Land
Wooded Land
Street/Roads, Asphalt
Streets/Roads, Concrete
Exterior Walls, Wood
Exterior Walls, Brick
Floors, Linoleum
Floors, Wood
Floors, Carpeted
Floors, Concrete
Interior Walls, Painted
Interior Walls, Concrete
Roofs
Lawns
Other Asphalt Surfaces
Other Concrete Surfaces

1.0
4.0
10.0
10.0
6.0
6.0
1.5
1.5
0.5
0.5
0.5
1.5
0.5
1.5
1.0
1.3
1.0
1.0
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DECON makes several adjustments to property
values as a result of the accident. One adjustment
Is to reduce the value of property because of resi-
dual contamination levels after site restoration
has been completed. The size of the discount
should depend on perceived health risks. The user
can specify a different discount factor for each
land use. A second adjustment Is for deterior-
ation of property that may occur between the time
of contamination and site restoration, a period
during which the property Is likely to remain
Idle. A different deterioration factor can be
specified for each land use. Finally, the costs
associated with loss of use of the property are
evaluated. In computing the social costs of the
accident, all costs are discounted to the end of
the year In which they are assumed to occur.

III. COLLECTION OF DATA FOR THE SAGEBRUSH
EXERCISE

An aerial survey conducted on the first day
of SAGEBRUSH IV by EGSG revealed the 37 kBq/m2 (1.0
/*C1/m2) Isopleth over the accident site; this
Isopleth gave a footprint of the contaminated
area and facilitated the planning of a detailed
aerial survey for the second day. Additional
Isopleths were then developed from the second
day's aerial survey. Because of the distorting
effect of scattered shine from an aerial survey,
field monitoring teams were sent out to conduct
a ground survey. A few ground measurements were
taken on the first day, several on the second
day, and the filling 1n was completed on the
third day. These ground readings were entered
on the site map, enabling the Isopleths to be
corrected for the scattered shine. The Isopleths
used In the site restoration analysis are shown
1n Figure 1. Also shown In this figure are the
grid elements, which are bounded by the Isopleths.
The number of grid elements turned out to be 15,
varying In size from 22,300 m2 to 13,000,000 m2.

Radiological products 1n the environment
were assumed to consist of 90 percent 239Pu and
10 percent 241Am by activity. Measured activity
levels ranged from less than 7.4 kBq/m2 to over
29.6 MBq/m2. The 7.4 kBq/m2 figure 1s of special
Interest: 1t 1s the EPA screening limit. An
Individual exposed to this limit will not receive
a dose higher than the Individual dose limit.

A variety of land uses was represented within
the contaminated area, as shown In Table 3. This
Information was obtained from USGS maps and from
sources In the field.

TABLE 3. Land Uses In the Contaminated Area

Residential
Commercial
Industrial
Streets/Roads

Wooded Areas
Agricultural
Orchards
Vacant Land

In addition to ground concentration levels
and land use Information, DECON also uses Infor-
mation on property values. Typical values for
property represented by the different lanii uses
were obtained from the Ferry County Assessor
during the exercise.

IV. SITE RESTORATION ANALYSIS OF THE
SAGEBRUSH IV ACCIDENT SITE

Results relating to restoration of the SAGE-
BRUSH IV site using DECON are described In this
section. First, DECON was run for the entire
contaminated area within the 7.4 kBq/m2 Isopleth.
For this "base case" we had to make several
assumptions. We assumed that a Class A disposal
site would be created within the contaminated
area for radiological waste generated during the
cleanup process. An average hauling distance of
15 miles to this site was assumed.

The decontamination costs contained In the
reference data base seriously underestimate the
actual costs of labor and equipment that would be
used 1n the cleanup. First of all, the data base
costs are 1n 1982 dollars. Second, labor and
equipment costs are based on operations In a
nonhostile environment. Third, an allowance of
one hour per eight-hour shift Is allowed for
radiation control measures, and this may not be
adequate. And, finally, protective clothing and
other radiation control measures may reduce worker
and equipment productivity. For all of these
reasons, labor costs were arbitrarily Increased
by 70 percent and equipment costs by 40 percent.

A cleanup criterion of 7.4 kBq/m2 was applied
to all contaminated surfaces. As noted earlier,
this Is EPA's screening limit. The results fro*
this base case are reported 1n Section A. Other
cases were then analyzed and the results compared
with those from the base case. First, we wanted
to determine how decontamination costs varied
with the cleanup criterion. This analysis Is
tcrdMcted In Section B. In Section C, we drop
the assumption that the radwaste will be disposed
of on sight. Instead, we assume disposal at the
Hanford Reservation, about 250 miles away. A
subarea analysis Is conducted 1n Section D for
grid elements one through nine. These grid
elements are within the Colville National Forest,
a wooded area which Is especially costly to
decontaminate. First, we consider decontaminating
this area to a level of 37 kBq/m2. Another option
considered Is simply to apply a fixative and
restrict public access to the entire area. In
Section E we compare base case results with a
scenario In which operations that use water on
exterior surfaces are banned. This analysis 1s
conducted on grid element 15, a lightly contami-
nated area with about four percent of the land
area devoted to residential use. Section F sug-
gests an alternative restoration strategy. A
decontamination analysis Is conducted 1n which
different cleanup criteria are applied to different
surfaces; namely, those surfaces from which Indivi-
duals typically receive the greatt.it exposure are
decontaminated to lower residual levels of activity
than surfaces providing relatively low levels of
exposure. Conclusions from this paper are pre-
sented In Section 5.0.

A. SAGEBRUSH IV: Base Case

Major results for the base case are sun-
marl zed 1n Table 4. The total cost of decontami-
nating the 18 Million m1 of surface area within
the 7.4 kBq/m2 Isopleth 1s $65.6 million, for an
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TABLE 4. SAGEBRUSH IV Decontamination Results: Base Case
(dollars, areas and volumes are In thousands)

MINIMUM CLEAN UP LEVEL IS
TOTAL SURVEYING AND MONITORING COSTS ARE $
VOLUME OF RADIOLOGICAL WASTE IS
TOTAL DECONTAMINATION COSTS ARE $
TOTAL SURFACE AREA DECONTAMINATED IS
AVERAGE DECONTAMINATION C0STS/M**2 ARE $
SURFACE AREA REQUIRING NO DECONTAMINATION IS...
PRE-ACCIDENT PROPERTY VALUE IS $
POST-DECONTAMINATION PROPERTY VALUE IS $
NET PRESENT VALUE OF PROPERTY IS $
TOTAL REDUCTION IN PROPERTY VALUE IS $
TOTAL POTENTIAL SAVINGS FROM PROPERTY BUY-OUT

1) AT PRE-ACCIDENT PROPERTY VALUES $
2) AT NET PRESENT VALUE OF PROPERTY $

SIZE OF RESIDENT POPULATION IS
SIZE OF THIS AREA IS

7.4 kBq/m .
3519.
2483. CUBIC METERS.

65633.
18161. SQUARE METERS.

3.61
70. SQUARE METERS.

8361.
7739.
41.

8319.

57325.
65543.

520. PERSONS.
18137. SQUARE METERS.

average cost of $3.61 per m2. About 70,000 m 2 of
surface—primarily, the Interiors of buildings
1n lightly contaminated areas—required no
decontamination, as they were already within the
7.4 kBq/m2 limit. Nearly 2.5 million m^ of
radiological wastes were generated 1n the cleanup
operations and disposed on-site. Surveying and
monitoring costs were estimated at $3.5 million.

The total market value of all real property
within the contaminated area 1s estimated to
have a pre-acddent value of only $8.4 million.
This 1s an economically troubled area based on
timber, a depressed Industry. In addition, much
of the land is rocky and has little economic
value—the county assessor valued much of 1t at
as little as a dollar per acre—and even agri-
cultural lands are marginal. It Is worth noting
that the cleanup costs far exceed the economic
value of the property. If the federal government
were to provide compensation to all property owners
(Including Itself, 1n the case of federal lands),
social costs of up to $65 million could be avoided
by not restoring the property. (The compensation
cost of $8.4 million 1s a transfer, not a social
cost.)

Total manpower and equipment requirements
for the site restoration, Including surveying
and monitoring operations, are shown 1n Table 5.

Residual contamination levels 1n the base
case are estimated to result In property value
losses of $622,000. This Is about 7.5 percent
of the total pre-accident value of the property.

B. Costs vs. Cleanup Levels: A Trade-Off
Analysis

As expected, we found decontamination
costs to Increase as stricter cleanup levels were
imposed. For this analysis, we re-ran the base
case, but with cleanup levels of 18.5, 27.75, 37.0,
74.0 and 185.0 kBq/m2. The resulting relationship
between cleanup level and decontamination costs
1s shown in Figure 2. Decontamination costs are
seen to drop sharply for cleanup criteria of less
than 37 kBq/m2, while above this level the decline
1n costs Is considerably more modest. However,
in order to determine the optimal cleanup level

TABLE 5. Manpower and Equipment Requirements,
Base Case (1000s of hours)

DRIVER, HEAVY TRUCK 315.98
OPERATOR, MED. EQUIPMENT 124.41
OPERATOR, FARM EQUIPMENT 5.38
BUILDING LABORER 131.61
COMMON LABORER 1.60
CLEANING WORKER .33
FARM LABORER 7.97
PAINTER .12
FOREMAN 35.24
PILOT 1.43
FLIGHT CREWMAN 1.43
AIR GROUND CREWMAN 2.85
SPRAY OPERATOR .06
FRONT END LOADER 60.72
5000 GAL. SPRAY TRUCK W/PUMP4B0OM .10
BULLDOZER 2.31
AIRPLANE 1.43
WEED SPRAYER 1.94
ORCHARD BLAST SPRAYER .97
TRACTOR W/PLOW 5.38
PICKUP TRUCK 1.59
CHIPPING MACHINE 30.04
HYDRAULIC EXCAVATOR 5.95
VACUUM, HAND .33
PAINT SPRAY EQUIPMENT .18
MOBILE STREET FLUSHER .01
10-TON ROLLER 25.11
GRADER 30.31
DUMP TRUCK 315.88

on economic grounds, one must know the dollar
value of avoiding the additional adverse health
effects that result from moving to a stricter
cleanup level. The dollar value of avoiding
health effects, Including long-term fatalities,
Is a highly controversial issue and lies beyond
the scope of this paper.

C. Hauling Radwaste Off-Site

The base case assumes that a Class A
disposal site for radwaste could be made available
within the accident site. In the event that the
radwaste is to be disposed off-site, hauling



263

1

in
O
<>

70
60
SO
40
30
20
10
0

40 80 120 160 200

Cleanup Level (kBq)

Fig. 2. Cleanup Costs vs. Cleanup Level

distances and costs could Increase substantially.
For example. If the radwaste Is transported to
the Hanford Reservation, the one-way hauling
distance will Increase from 15 miles to about 250
miles, depending upon the specific route taken.
This longer hauling distance will Increase cleanup
costs tc about $250 million, as compared with $66
million In the base case. In addition, disposal
costs at Hanford would,be greater than the esti-
mated cost of $4.86/m (1982 $) for an on-site
Class A disposal pit (Tawil, 1985).

0. Alternatives to Decontaminating Forest
Lands: A Subarea Analysis

Analysis of decontamination costs In
the base case shows that a major share of these
costs are attributable to decontaminating wooded
areas. The density of mature trees In a forest
makes 1t difficult to utilize large but efficient
equipment In the decontamination process. The
reliance on less capital Intensive methods causes
costs to Increase sharply. While wooded areas
comprise about 42 percent of the contaminated
area, they account for over 96 percent of the
decontamination costs lit the base case. Grid
elements one through nine consist primarily of
wooded areas Inside the Colville National Forest.
If, Instead of restoring this subarea to a cleanup
level of 7.4 kBq/m2, we apply a fixative and
restrict public access, the restoration costs
can be slashed from $26.7 million to $1.8 million.
If we combine this strategy with cleaning up
grid elements 10 through 15 to a level of 37
kBq/m2, we can reduce decontamination costs for
the entire site to just $2.4 million. While this
strategy obviously reduces costs sharply. Its
desirability depends on the willingness of those
who must make this decision to accept restricted
access to the subarea containing grid elements
one through nine, and accepting a cleanup level —
and the associated health effects—of 37 kBq/m
1n the remaining areas. It should be mentioned
that while a stricter cleanup level will reduce
the expected health effects to occupants of the
restored area, expected health effects to radiation
workers will Increase.

E. Restricting the Use of Water In a
Populated Area

water on exterior surfaces. Contaminated water
has the potential of creating major problems. It
can penetrate the root systems of plants, crops
and trees and can contaminate water treatment
facilities. The benefits from using water—a
cheap and effective way to reduce dosage through
the external and Inhalation pathways—must there-
fore be carefully weighed against the costs. The
results of running OECON on grid element 15 with
a ban on operations using water (I.e., operations
W, H, Q, U, L, and E—see Table 1) are presented
1n Table 6. This table also shows the level of
detail that DECON reports with regard to decon-
tamination operations at the grid element level.
The columns 1n Table 6 show the type of surface,
Its area In 1000 m2 , the contamination level
prior to decontamination In kBq/m2, the method
used to decontaminate the surface (see Table 1),
a symbol Indicating whether a restriction or
requirement Is 1n effect for that surface, the
residual contamination level In kBq/m2, the unit
cost of applying the Indicated decontamination
method 1n $/m2, the total cost (1000 $) of applying
the method over the entire surface area, and the
rate (1n m2/h) at which the method can be applied.
The results show that In the absence of the re-
strictions, water would have been applied to
asphalt and concrete streets, parking and other
paved areas, and to roofs and lawns. While
(double) vacuuming (v) 1s a relatively Inexpensive
substitute for water, the foam (F) used on roofs
at $2.65 per m2 and the resodding (R) of lawns
at $9.51 per m2are relatively costly alternatives.

F. Cleanup Standards Based on Expected
Exposure to Activity

DECON allows the analyst to Impose different
cleanup criteria to different surfaces by selecting
exposure factors. The potential usefulness of
this feature lies In the fact that human exposures
to different surfaces vary considerably. Housing
Interiors, for example, would usually offer high
exposures while highways and wooded areas would
tend to offer low exposures. The exposure factors
are Interpreted as follows. An exposure factor
of 1.0 causes the cleanup standard to be Identical
to the user-specified value, 7.4 kBq/m2 In the
base case. An exposure factor of 2.0 causes the
user-specified value to be doubled, while an
exposure factor of 0.5 causes the user-specified
value to be halved. To Illustrate this feature,
OECON was run with the exposure factors shown In
Table 2.

Decontamination costs fall to Just $9.4
million, and only 8.2 million m2 of surface area
need to be decontaminated (at an average cost of
$1.15/m2.) Arguably, this decontamination strategy
could result In even less overall population dose
than produced In the base case. Most Interior
surfaces are decontaminated to levels of just
3.7 kBq/m2, and only vacant land and wooded areas
are decontaminated to levels above 37 kBq/m2
(both are decontaminated to 74.0 kBq/m2). Yet
decontamination costs are less than 15 percent
of the base case costs.

In this section we consider the consequences
of prohibiting decontamination methods that use
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Table 6. Detailed Surface Results with Restrictions, Grid Element 15
(dollars, areas and volumes 1n thousands)

SURFACE AREA GRND CONC METH RES CONC COST/M**2 TOT COST RATE

AGRICULTURAL FIELDS 5334 22.20 A
ORCHARDS 390 22.20 TO
VACANT LAND 1431 22.20 A
WOODED LAND 5464 22.20 TN
EXTERIOR WOOD WALLS 13 2.22 ..
EXTER'R BRICK WALLS 2 2.22 ..
LINOLEUM FLOORS 4 11.10 T
WOOD FLOORS 4 11.10 V
CARPETED FLOORS 8 11.10 V
CONCRETE FLOORS 3 11.10 V
INT'R WOOD/PL WALLS 25 1.11 ..
INT'R CNCRETE WALLS 5 1.11 ..
ASPHALT STRTS/PRKNG 130 22.20 v /
CNCRETE STRTS/PRKNG 130 22.20 v /
ROOFS 11 22.20 F /
LAWNS 113 22.20 R /
OTHR PAVED ASPHALT 1 22.20 v /
OTHR PAVED CNCRETE 5 22.20 v /

NOTES:
/ • RESTRICTED OPERATION(S) IS IN EFFECT

//// ' UNABLE TO DECONTAMINATE SURFACE

2.22 .0055 29.34 8500.
6.29 1.1402 445.03 280.
.37 .0389 55.67 1770.

6.29 6.3501 34698.05 266.

2.22
1.11
4.44
2.96

.4070

.4260

.4260

.4260

1.45
1.58
3.46
1.26

40.
69.
69.
69.

7.40
7.40
1.48
.37

7.40
7.40

2
9

.0133

.0133

.6480

.5121

.0266

.0266

1.73
1.73

29.16
1070.89

.03

.14

8632
8632
81
40

4316
4316

METHOD IS REQUIRED
DECONTAMINATION NOT REQUIRED

V. CONCLUSIONS

A site restoration analysis conducted on
the SAGEBRUSH IV exercise site suggests a variety
of alternative strategies. Decontamination of
the entire area to the EPA screening limit of 7.4
kBq/m2 Is a relatively expensive option. A trade-
off analysis shows that decontamination costs fall
off rather sharply with less restrictive cleanup
criteria until a cleanup level of 37 kBq/m2 1s
reached, after which the decline Is relatively
modest. Because wooded areas are difficult to
decontaminate, restricting access to the contami-
nated areas of the Colville National Forest rather
than decontaminating them can substantially cut
the cost of the cleanup. A requirement that
significantly Increases the restoration costs is
to haul the radwaste generated In the cleanup to
a remote site, rather than creating an on-s1te
disposal area. Restrictions against using water
on exterior surfaces also Increase decontamina-
tion costs significantly, especially 1n lightly

contaminated areas. Finally, Imposing different
cleanup criteria on different surfaces, depending
upon their potential for exposure, appears to be
a promising way to reduce decontamination costs
without Increasing total population dose.
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The NRC's Rulemaking to Require Materials Licensees To Be
Financially Responsible for Cleanup of Accidental Releases

Mary Jo Seeman

ABSTRACT On June 7, 1985, the U.S. Nuclear
Regulatory Commission (NRC) published an
advance notice of proposed rulemaking (ANPRM)
in the Federal Register to address funding
for cleanup of accidents and unexpected
decontamination by certain materials
licensees.

The NRC asked for public comment to halp them
determine whether to amend its regulations to
require certain materials and fuel cycle
licensees to demonstrate that they possess
adequate financial means to pay for cleanup
of accidental releases of radioactive
materials. If licensees lack adequate
financial resources and funds are not
available for prompt cleanup, the consequences
could be potentially significant for the
public, the licencee and the federal
government.

The purpose of this paper is to explain the
purpose and scope of the Commission's
proposed regulatory action, as well as
describing several accidents that made the
Commission consider this action.
Additionally, the paper will address other
regulatory precedents. Finally, the paper
will conclude by generally characterizing the
public comments and itans of concern raised
by commenters.

Good afternoon, ladies and gentlemen.
Today, I would like to briefly outline the
scope and purpose of a proposed regulatory
program under review by the Commission. If
implemented, such a program would establish
financial assurance requirements for cleanup
of accidental releases by certain categories
of non-reactor licensees. After describing
the scope of this effort, I plan to briefly
identify issues raised by the public in this
area, and present the staff's schedule for
addressing these items of concern.

On June- 7, 1985, the U.S. Nuclear
Regulatory Commission published an advance

notice of proposed rulemaking (ANPRM) in the
Federal Register to address funding for
cleanup of accidents and unexpected
contamination by certain materials
licensees.

In the ANPRM. NRC asked for public
comment to help them determine whether to
amend its regulations to require certain*-
materials and fuel cycle licensees to
demonstrate that they possess adequate
financial means to pay for cleanup of
accidental releases of radioactive
materials, i.e., an authorized release of
radioactive materials due to human error,
employee sabotage, system failure, an act of
God, or defective components.

The proposed regulatory program would
amend current NRC regulations (10 CFR 30,
40, 61, 70, and 72) requiring certain fuel
cycle and materials licensees to demonstrate
that they possess adequate financial means
to pay for cleanup of accidental releases
of radioactive materials onsite and offsite.
Licensees under consideration for this ANPRM
include radiopharmaceutical manufacturers,
pool irradiators, industrial radiographers,
users of gauging devices, gas chrpmatography,
well-logging, nuclear medicine diagnosis and
radiation therapy. Other NRC licensed
operations under consideration include fuel
cycle activities such as uranium milling,
UF-6 production, and fuel processing and
fabrication.

Regulated waste management activities
include commercial low-level waste disposal,
independent spent fuel storage facilities,
and persons disposing or storing their own
waste under special license conditions. If
implemented, it is anticipated that the
financial responsibility program would exempt
the following U.S. Department of Energy
facilities: High-level waste repositories
(licensed under 10 CFR Part 60), independent
spent fuel storage facilities, and monitored
retrievable storage facilities (both licensed
under 10 CFR Part 72). The staff took this
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approach in the ANPrtM because in the event of
an accident, DOE has access to public funds
to pay for cleanup. In the ANPRM, the
Commission solicited public comments on the
advisability of having NRC require financial
responsibility for prompt cleanup of
radioactive materials both on-site and
off-site after accidental or unexpected
contamination by fuel cycle and other
materials licensees. Any environmental
restoration required following an accidental
release into or upon the land or water would
be covered.

The financial assurance program for
non-reactor licensees under consideration by
the Commission is intended to address cleanup
for accidental releases of radioactive
materials. The proposed program would not
address authorized and predictable activities
normally associated with decommissioning or
closure of a non-reactor licensee's
operations. The latter is being addressed in
a separate, ongoing Commission rulemaking on
decommissioning.

The financial assurance program being
considered by the Commission in this ANPRM is
also separate and distinct from the
compensation program mandated by the
Commission regulations issued pursuant to the
Price-Anderson Act, which does not provide
funds for cleanup per se. At the time the
ANPRM was issued in 1985, that, program
applied only to nuclear reactors on a
mandatory basis and to plutonium processors
and fuel fabricators on a discretionary
basis.

As many of you are probably aware, the
Commission has authority under section 170 of
the Atomic Energy Act to apply Price-Anderson
indemnification to any category of licensee,
whenever the Commission deems it advisable in
the exercise of its licensing authority.
However, the Commission has not chosen to
extend Price-Anderson indemnification to
materials licensees with the single exception
of those engaged in the use of plutonium in a
plutonium processing and fuel fabrication
plant. These activities and uses of
materials would not be included in the
proposed program. Rather, the program
proposed in this ANPRM is not intended to
provide compensation to persons for personal
injury or property damage and is, therefore,
not a public liability program.

The Commission is considering such a
proposed regulatory program in part, because
it appears that CERCLA, or the Comprehensive
Environmental Compensation and Liability Act
of 1980 (P.L. 96-510) would not necessarily
provide funds for releases involving NRC
licensees. In a Federal Register Notice
issued on September 8, 1983, the U.S.
Environmental Protection Agency (EPA) made
the following policy statement:

EPA has also chosen not to list releases
of source, byproduct, and special nuclear

material from any facility with a current
license issued by the Nuclear Regulatory
Commission (NRC), on the grounds that the NRC
has full authority to require cleanup of
releases from such facilities. The EPA
provided written comments to the Commission
regarding the ANPRM, and in their written
comments stated, "EPA strongly supports the
concept proposed in this rulemaking."

I now want to briefly provide some
background information regarding the scope
of the proposed effort. In the ANRPM, the
Commission staff noted that although there
was little information available on the
financial condition of NRC fuel cycle and
materials licensees, they believed that most
of these licensees already had some financial
resources or insurance coverage for on-site
and off-site cleanup as a prudent business
practice. However, if a licensee did not
have adequate financial resources and an
accidental or unexpected contamination did
occur, the staff felt that there could be
both short and long term adverse public
health and safety consequences from the
radioactive contamination, as well as loss of
use of the contaminated property.

for the purposes of initial discussion
in the ANPRM, the Commissiori noted that it
was considering a $2,000,000 baseline as the
required maximum amount of financial
responsibility for materials and fuel cycle
facilities. This figure was chosen because
it is in the range of known cleanup costs for
NRC licensees and of other dollar amounts of
State and Federal financial responsibility
requirements for cleanup of accidental
releases. The amount would be changed to
reflect changes in inflation and technology.
Types of possible acceptable financial
assurances that the Commission staff is
considering include liability and property
insurance from the conventional and nuclear
insurance pools, cash or negotiable
securities held by a third party, a financial
test, a surety or performance bond, and a
corporate guarantee from a parent company.

The issue of financial responsibility
for cleanup of accidental releases of
radioactive materials caused by non-reactor
licensees has also been an issue w^th the
States. Some States have developed financial
assurance programs covering their non-reactor
licensees to address this issue.
Additionally, the Conference of Radiation
Control Program Directors recognized the need
for Federal standards in this area. The
Commission sent a draft of the ANPRM to
officials in all fifty States asking for
their comments. Staff also discussed the
ANPRM with State radiation control program
officials earlier. State comments generally
supported the development of the rulemaking,
and specific comments were incorporated into
the ANPRM.

The need to consider such a
proposed regulatory program was based on
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concerns regarding accidental releases of
radioactive materials. Both NRC and
Agreement State licensees have had accidental
or unexpected releases of radioactive
materials that have been costly to cleanup.
State and Federal estimates for cleanup costs
have been estimated at up to $2,000,000 for
a single event. Some recent examples that the
NRC staff is aware of include the following:

In 1983, a cesium-137 sealed source was
accidentally ruptured. Workers inadvertently
spread the contamination into residences and
public buildings. The cost for cleanup of
of this contamination was estimated to be at
least $500,000.

In 1982, an americium-241 sealed source
in use in a well-logging operation was
inadvertently ruptured, resulting in
contamination of both on-site drilling
equipment and off-site homes and commercial
residences. Cleanup costs were estimated to
be up to at least $1,000,000.

During 1979 and 1980, a tritium
manufacturer's operations in Tucson, Arizona,
resulted in releases both on and off-site.
State officials estimated that the State
spent approximately $2,000,000 in labor and
capital costs for removal and cleanup of the
tritium.

The NRC staff have had a difficult time
establishing the scope of the problem of
costly cleanups required as a result of
accidental releases of radioactive materials.
Relatively little data on cleanup costs for
accidental releases of licensees is available
in'NRC records, mainly because this type of
information is not required to be submitted
to the agency.

However, a recent review by the staff of
NRC unusual events reports for radioactive
releases by materials and and fuel cycle
licensees indicates that from 1980 to 1983,
accidental or unexpected releases from
licensees' operations believed to involve
significant cleanup costs (more than a few
thousand dollars) involved fewer than one
percent annually of the total fuel cycle and
materials licensees authorized to possess and
use byproduct, source and special materials.

Besides lacking a comprehensive data base
for licensee cleanup costs for accidental
releases, the Commission also has no
available records to determine if licensees
lack (or previously lacked) adequate funds to
provide for prompt cleanup of accidental
releases. Accordingly, in the ANPRM, the
Commission solicited input from the public
and the industry on the scope and magnitude
of the problem.

However, even given this lack of a
strong data base, the NRC staff does not
believe it is prudent for the Commission to

wait until an event occurs which requires
expensive cleanup to consider the development
of such regulations. Other agencies such as
the U.S. Environmental Protection Agency,
have gone forward with financial
responsibility requirements in the absence of
a large documented accident data base.

Additionally, several NRC-funded studies
have presented cost estimates for cleanup of
NRC licensed fuel cycle facilities related to
emergency planning issues and the
Price-Anderson Act. See a 1979 paper authored
by J.P. McBride, and entitled "Economic
Consequences of Accidental Releases from Fuel
Fabrication and Radioisotope Processing
Plants", prepared by Oak Ridge National
Laboratories for the U.S. NRC
(NUREG/CR-0222). Another example can be
found in a 1983 working paper by H.K. Elder
entitled "Technology, Safety and Costs of
Decommissioning Reference Nuclear Fuel Cycle
and Non-Fuel Cycle Facilities Following
Postulated Accidents", Pacific Northwest
Laboratories, (NUREG/CR-3293).

However, since these studies were
prepared for different purposes and
assumptions, it is difficult to compare the
results or to use their conclusions as the
basis for estimating cleanup costs following
an accidental release caused by a non-reactor
licensee's operations. Accordingly, in the
ANPRM, the staff noted that they proposed to
use the limited but actual, past cleanup cost
experience (discussed previously) as the
basis for setting the amount of financial
responsibility coverage for non-reactor
licensees.

In the ANPRM, the NRC staff stated that
they would consider at a later date, the issue
of financial responsibility for the small
number of licensees who have the potential to
be involved in the significantly more costly
cleanups postulated in the NRC-funded
studies.

The Commission's consideration of such a
financial assurance program is in line with
the regulatory precedents enacted by a
variety of State and Federal agencies charged
with protecting the public health, safety,
and the environment. For example, federal
agencies have enacted requirements pursuant
to the Motor Carrier Act, the Resource
Conservation and Recovery Act, the Federal
Water Pollution Control Act, the Surface
Mining Control and Reclamation Act, the Outer
Continental Shelf Lands Act, and the Deep
Water Port Act.

The stipulated dollar requirements
vary from $10,000 to over $5,000,000 for
these different programs. As an example,
the 1984 minimum levels of financial
responsibility for motor carrriers
transporting hazardous substances ranges
from between $1,000,000 to $5,000,000.
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A number of commenters responding to the
ANPRM suggested that the NRC staff should
take a closer look or even follow the U.S.
Environmental Protection Agency's (EPA)
regulatory approach with regards to requiring
financial responsibility. To briefly bring
you up to speed, the U.S. EPA regulations for
liability coverage required owners and
operators of treatment, storage, and disposal
facilties to demonstrate liability coverage
for sudden and accidental occurrences in the
amount of $1 million per occurrence and
$2 million annual aggregate, all exclusive
all legal defense costs.

Owners and operators of surface
impoundments, landfills, and land treatment
facilities were required to demonstrate
liability coverage for nonsudden accidental
occurrences in the amount of $3 million per
occurrence and $6 million annual aggregate,
exclusive of legal defense costs.

These commenters pointed out that after EPA
had promulgated these requirements for
liability coverage, a variety of parties
informed EPA that the current state of the
insurance market prevented them from
obtainging insurance. Accordingly, EPA was
faced with considering whether to revise or
even eliminate their financial responsibility
requirements.

Accordingly, NRC staff looked at how EPA
addressed the problem of a contracting
insurance market after they had promulgated
insurance requirements. NRC staff examined
the July 1985 testimony of Gene Lucero, who
at the time had the title of Director of
EPA1 s Office of Waste Programs Enforcement.
In his testimony, Lucero noted that many
approaches had been proposed to address the
pollution liability insurance shortage. He
noted that EPA believed that no one approach,
but rather a .combination of several
approaches was needed to solve the insurance
shortage. These included a return to
careful underwriting practices through use of
environmental audits, premiums that reflect
risks, and contracts that address policy
limits in unambiguous approaches.

Additionally, NRC staff also examined the
July 21, 1985 EPA Notice of a Proposed
Rulemaking, which asked for comments to
enable EPA to determine if revisions to their
regulations were necessary in light of the
current state of the insurance market. EPA
noted that they were considering taking one
or a combination of the following five
regulatory actions in response to the
problem:

0 Maintain existing liability requirements;

0 Clarify the required scope of coverage
and/or lower the required levels of
coverage;

0 Authorize other financial responsibility
mechanisms;

0 Authorize waivers; and

0 Suspend or withdraw the liability
coverage requirements

At this time, EPA has apparently chosen the
third alternative. In July of 1986, they
issued an interim final rule stating that
they had decided to authorize owners and
operators to use a corporate guarantee as
another mechanism to comply with the liablity
coverage requirements.

As I noted earlier, the NRC staff has,
and will continue to monitor and assess the
status of the EPA liability program in their
consideration of a NRC financial
responsibility program for cleanup of
accidental releases of nonreactor licensees.

Finally, I would like to briefly
summarize the statistics regarding who
commented and what their concerns were.
The Commission used the ANPRM to solicit
input from all interested parties regarding
the scope and nature of such a proposed
regulatory program. Besides mailing the
ANPRM to all non- reactor parties holding a
specific license, the NRC also targeted a
direct mail to NMSS licensees, public and
special interest groups, as well as trade
associations representing the business,
finance, and insurance communities. The ANPRM
generated a great deal of interest,
particularly among NRC materials licensees,
and State and Federal regulatory agencies.
NRC received 159 written responses from
licensees, insurance and surety trade
organizations, federal state and local
governments, and members of special interst
groups and the public.

The ANPRM generated a great deal of
interest, particularly among NRC materials
licensees, and State and Federal regulatory
agencies. NRC received 159 written state
and local governments, and members of
special interest groups and the public.

Approximately 80% of the commenters were
either NRC or Agreement State licensees. The
majority of these commenters identifying
themselves as licensees expressed concern
regarding the cost impacts of such a program.
Others felt that such requirements were
unnecessary because they were not aware of
any real problem regarding the inability of
licensees to pay for accidental releases or
abandonments. Others suggested that the NRC
should consider exempting operations similar
to theirs from the coverage of this
rulemaking.

Around sixteen percent of commenters
were identified as governmental organizations,
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such as municipal, state, or federal
agencies. Many supported the need for this
rulemaking. Some felt that federal financial
responsibility standards were necessary to
protect the public health and safety and the
environment. Others indicated that such a
program was appropriate because
responsibility for paying for cleanup of
accidents and abandonments should rest with
the licensees, and not with the taxpayers.

The remaining four percent of commenters
were identified as members of the public,
environmental groups, and trade associations
representing insurance and surety companies.
The trade associations pointed out that
surety or insurance coverage for the program
intended by NRC was either not available or
too costly. One surety trade association
suggested that the NRC staff allow
flexibility in developing standards so that
affected licensees would have the ability to
demonstrate financial assurance through a
number of different instruments. In general,
environmental groups and the public supported
the rulemaking, although one felt that NRC
would not go far enough in setting up such a
program.

In their review and analysis of the
public written comments, the staff identified
a number of major items that were raised by

0 What type of history has there been
for accidental releases?
What history has there been of
accidents involving nuclear materials
where the licensee has been unable
for cleanup?

0 How does the Commission intend to
determine coverage for such a
program?

0 What are the cost impacts to
licensees and the public for such a
proposed program? What are the cost
impacts of not implementing such a
proposed program?

0 What amount of coverage is
appropriate? Which licensees should
be covered under such a program? Who
should be exempted?

0 Is liability insurance available for
this type of risk? What will
premiums cost?

0 What types of financial assurance
should be allowed?

The staff has reviewed and analyzed these
questions and is continuing to assess how
these issues will be resolved. Jt would be
premature at this time to provide conclusions
with regard as to how the staff and the
Commission intends to address these issues.
However, I can say that the staff recogniies
that the issues regarding who should be
covered and cost impacts of such a program
were complex and required a more in-depth
analysis.

Accordingly, the staff has obtained
technical assistance in these areas. The
first project is intended to help staff
better assess the extent to which accident
frequencies can be used to determine amounts
of coverage for different licensee
categories. Appropriate exemptions for
different licensee categories will also be
examined. Secondly, the staff also has
obtained technical assistance to help them
arrive at an evaluation of the benefits and
costs of such a proposed financial assurance
program to all parties. The staff hopes to
use the results from both studies to help them
determine how to address these two concerns.

Where do we go from here? The approved
schedule for this rulemaking is found in the
Agency's Regulatory Agenda, which is
published periodically in the Federal
Register. That schedule calls for the staff
to submit a proposed rulemaking package for
consideration to the Commission in early
1987. If the Commission decides to proceed,
then the proposed regulations will be
published in the Federal Register for
review and comment later that spring.

In closing, I think that the issue of
financial assurance for cleanup of accidental
release caused by non-reactor licensee is an
important priority. I appreciate the
opportunity today to bring this work to your
attention, and I will try to answer any
questions you may have.
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to Releases of Radioactive Substances
Steven R. Milled

ABSTRACT The Comprehensive Environmental Re-
sponse, Compensation, and Liability Act of 1980
(CERCLA), commonly called "Superfund," provided
a $1.6 billion fund (financed by a tax on petro-
chemical feedstocks and crude oil and by general
revenues) for the cleanup of "releases" of "haz-
ardous substances," including "source," "special
nuclear" or "byproduct material," and other ra-
dioactive substances, from mostly inactive fa-
cilities. The U.S. Environmental Protection A-
gency (EPA) is authorized to require private
"responsible parties" to clean up releases of
hazardous substances, or EPA, at its option, may
undertake the cleanup with monies from the Fund
and recover the monies through civil actions
brought against responsible parties. CERCLA im-
poses criminal penalties for noncompliance with
its reporting requirements. This paper will o-
verview the key provisions of CERCLA which apply
to the cleanup of radioactive materials.

The Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CER-
CLA), Pub. L. No. 96-510, 42 U.S.C. 59601 et_
seq.. commonly called "Superfund," provided a
$1.6 billion fund (financed by a tax on petro-
chemical feedstocks and crude oil and by gener-
al revenues) for the cleanup of "releases" of
"hazardous substances," including "source,"
"special nuclear," or "byproduct material," and
other radioactive substances from mostly inac-
tive facilities. "Federally permitted releases"
from active facilities are generally regulated
under the Resource Conservation and Recovery
Act, (RCRA), 42 U.S.C. 46901 et seq. (1976) and
other environmental laws.

The term "release" is extremely broad (i.e.
any leaking, spilling, emitting, etc.) and cov-
ers the U.S. Department of Energy (DOE) sites
where hazardous substances are in contact with

the environment (i.e. air, water, soil) even
within federal or private industry property
boundaries.

The term "release" excludes releases of
"source," "special nuclear," and "byproduct ma-
terial" resulting from a "nuclear incident,"
subject to the financial protection require-
ments established by the Nuclear Regulatory Com-
mission under section 170 of the Atomic Energy
Act of 1954, as amended, 42 U.S.C. 82011, 82210.
Also excluded, are releases from uranium mill
tailings sites being cleaned up by DOE under Ti-
tile I of the Uranium Mill Tailings Radiation
Control Act of 1978, Pub. L. No. 95-604, 42
U.S.C. 87901 et seq.

CERCLA imposes criminal penalties for non-
compliance with its reporting requirements. Un-
der section 103a of CERCLA, 42 U.S.C. >9603a,
any "person" (including federal agencies and
private companies) "in charge of" an onshore or
offshore facility must report releases of hazar-
dous substances in excess of "reportable quanti-
ties" to the National Response Center as soon as
the "person" has knowledge of the release, and
to publish information concerning such releases
in local newspapers. The failure to promptly
report such releases can subject responsible
parties, including employees, to criminal penal-
ties. Exempted from the reporting requirements
are "federally permitted releases" (i.e. re-
leases permitted under other federal environmen-
tal laws), which include releases of "source,"
"special nuclear," or "byproduct material" in
compliance with legally enforceable licenses,
permits, and orders, issued pursuant to the A-
tomic Energy Act of 1954, as amended, 42 U.S.C.
$2011 et seq.

Until the U.S. Environmental Protection
Agency (EPA) promulgates reportable quantities
for radioactive materials, the minimum report-
able quantity is one pound.

Continuous releases must also be reported
at least annually.

aThe views expressed in this paper are those of the author and do not necessarily represent those
of the U.S. Department of Energy.
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There are no other affirmative legal re-
quirements, for federal agencies or private par-
ties, except as specified by EPA.

Owners, operators, generators and trans-
porters of hazardous substances are jointly,
severally, and strictly liable for the cleanup
of all releases.

EPA can either require private parties to
clean up releases of hazardous substances or can
proceed to undertake the cleanup with monies
from the Fund. Any Fund monies so expended by
EPA can be recovered through civil actions
brought against the "responsible parties." Mon-
ies from the Fund are available for both emer-
gency "removal" actions and long-term "remedial"
actions on private sites listed on CERCLA's
"National Priorities List."

CERCLA applies to federal agencies proce-
durally and substantively, as it does to private
parties EXCEPT: (1) Monies from the Fund are
generally not available for the cleanup of fed-
eral facilities; and (2) EPA cannot sue other
federal agencies.

CERCLA assigned all response authorities to
the President. By the terms of Exec. Order No.
12,316, 46 Fed. Reg. 42,237 (1981), reprinted in
42 U.S.C. J9615NT..EPA was generally delegated
all CERCLA response authorities. The U.S. De-
partment of Defense was, however, specifically
delegated all CERCLA response authorities at
its own sites. Exec. Order No. 12,316 permits
EPA to redclegate its authorities to other fed-
eral agencies.

EPA's CERCLA authorities with respect to
federal facilities include: the ability to un-
dertake assessments and feasibility studies and
conduct emergency response actions, where an im-
minent and substantial endangerment to public
health and safety exists. EPA can issue admin-
istrative orders against federal agencies for
noncompliance. Such orders cannot, however, be
enforced in court. With respect to nuclear re-
leases, however, CERCLA's implementing regula-
tion, "The National Contingency Plan," 40 C.F.R.
300 et seq. provides that DOE give assistance in
responding to these releases, regardless of
whether they be on federal or private lands.

Cleanup standards are established by EPA
for federal and private facilities on a case by-
case basis. The National Contingency Plan re-
quires the application of "applicable" or "rel-
evant and appropriate" federal standards and for
consideration to be given to the use of state
and other standards.

There is no state enforcement role under
CERCLA and no waiver of sovereign immunity
that would make federal agencies responsible for
complying with state laws and regulations. How-
ever, EPA can enter into cooperative agreements
with affected states for the undertaking of
cleanup actions on private sites. States can
sue both federal agencies and private parties for
damages to natural resources and for recovery of
costs incurred in any cleanup actions the states
have undertaken for which the federal agencies
and private parties are responsible.

CERCLA is currently up for a five-year
Congressional reauthorization because the au-

thority of the IRS to collect che tax which fi-
nances the Fund expired on September 30, 1985.
A $7.5 billion reauthorizatlon bill has passed
the Senate (H.R. 2005, as passed by the Senate,
99th Cong., 2d Sess., 131 Cong. Rec. S12184
(1985). A $10.2 billion reauthorization bill has
passed the House (H.R. 2005, as passed by the
House, 99th Cong., 2d Sess., 131 Cong. Rec.
H11619 et seq. (1985). House and Senate Confer-
ees are currently meeting to resolve the differ-
ences between the bills. It is expected that a
Superfund reauthorization bill will pass Con-
gress by Fall 1986. As of July 1986, the House
and Senate Conferees have agreed to a $9 billion
level of funding but have not yet agreed on the
funding sources.

The Administration has indicated that it
would support the reauthorizatlon of Superfund
at a level of $5.3 billion. Statements of Ad-
ministration Policy have indicated that any
bill that passes Congress with a broad based
"value added" tax similar to one that passed the
Senate or crude oil and petrochemical taxes at
the levels contained in the House passed bill
may be vetoed by the President.

In March of 1986, the House and Senate
Conferees agreed on federal facility provisions
which imposed specific cleanup requirements and
EPA oversight on federal facilities. Under
these provisions, releases of "source," "spe-
cial nuclear," or "byproduct material" that are
being cleaned up under other laws would not need
to be docketed by EPA under CERCLA (or presuma-
bly otherwise subjected to the federal facil-
ities requirements) provided EPA concurs that
the cleanup undertaken by the federal agency is
consistent with CERCLA.

Other provisions being considered by House
and Senate conferees affecting radioactive ma-
terials Include provisions concerning indoor
radon, naturally occurring radon, the temporary
storage of radium wastes currently located at
certain New Jersey sites, a research and devel-
opment project on innovative and alternate tech-
nologies to characterize radioactive mixed waste
at the Hanford site in Washington, and a "grand-
father provision" which is intended to exempt
the radioactivelv contaminated Weldon Spring
site in St. Charles County, Missouri, currently
owned by DOE, from the federal facility require-
ments of the new law. The final language on
these provisions will be contained In a confer-
ence report which was not available when this
paper was written.
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Price-Anderson—Where We've Been, Where We're Going
Ira Dinitz

ABSTRACT The Price-Anderson Act,
which became law on September 2, 1957,
as part of the Atomic Energy Act of
1954, proviJes a system to pay funds
for claims by members of the public
for personal injury and property
damage resulting from a nuclear
accident. The Act as it now operates
entails a two-part insurance system
for large utility licensees. The
first consists of $160 million in
primary nuclear liability insurance
purchased by utilities operating
large nuclear power plants. Under
the second part, these utilities
couild be assessed up to $5 million
per reactor per accident for damages
exceeding $160 million. With 101
large power reactors now licensed,
the primary and secondary insurance
presently totals $665 million. The
present Price-Anderson Act expires on
August 1, 1987. There are presently
two bills H.R. 3653 and S. 1225 being
actively considered by the Congress
for modification and extension of
Price-Anderson. Hearings have been
held and the two bills have been
marked up and reported out by the
Senate anc' House oversight committees.

The past three years have been part-
icularly active ones for those of us
involved in the renewal of the Price-
Anderson Act. Over the past eight -
teen months, various Congressional
Committees with jurisdiction over
nuclear matters have been considering
a number of bills to modify and ex-
tend the Price-Anderson Act which
expires on August 1, 1987. This
shared jurisdiction over atomic
energy activities has led to differ-
ent versions of the same bills being
reported out by oversight committees.
I will go into detail on this a bit
later in the paper.

The Price-Anderson Act was orig-
inally enacted in 1957 as a ten-year
law, and has been renewed twice with
similar ten-year expiration dates.
The Act had two main objectives: to
ensure that the public would be com-
pensated if an accident occurred at a
nuclear facility, and to set a limit
on the liability of private industry
in order to remove a major deterrent
to private participation in the deve-
lopment of nuc'iear energy.

Price-Anderson provides e system
to pay funds for claims by members of
the public for personal injury and
property damage resulting from a
nuclear accident. The Act requires
utility holders of licenses of large
commercial nuclear power plants to
provide proof to the MRC that they
have the maximum amount of private
nuclear liability insurance--general-
1 ly referred to as financial protect-
ion -- that is available. That
financial protection, currently $665
million, consists of a primary layer
of nuclear liability insurance of
$160 million and a secondary retro-
spective premium insurance layer.
This secondary layer works in the
following way. In the event of a
nuclear accident causing damages
exceeding $160 million, the licensees
of each commercial nuclear power
plant would be assessed a prorated
share of damages in excess of the
primary insurance layer up to $5
million per reactor per incident.
With 101 large commercial reactors
under this system today, the sec-
ondary layer totals up to $505
million.

The Price-Anderson Act author-
izes the Commission to enter into
indemnity agreements with reactor
licensees. These agreements specify
the amount of financial protection,
if any, required of licensees and
the obligation of the federal Gover-
nment to provide funds when a nuclear
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accident exhausts private liability
insurance or when no private liabil-
ity insurance is required. This
government obligation to provide funds
is called "government indemnity."

The Price-Anderson Act places a
ceiling on the total amount of public
liability in an accident. This
ceiling or "limit of liability," for
large commercial nuclear power plant
licensees is currently tied to the
maximum amount of insurance available
through private sources. For many
years, the limit of liability was
$560 million. In the 1975 amendments
to the Price-Anderr.on Act, Congress
provided that the limitation on liab-
ility would grow, once the total
protection of the primary and
secondary layers of insurance reached
$560 million. In November 1982, the
$560 million level was reached and the
government's indemnity was essentially
eliminated for large reactors. The
present limit of $665 million will
continue to increase in increments of
$5 million for each new commercial
reactor licensed to operate. In the
1975 amendments Congress also explic-
itly provided that "in the event of a
nuclear incident involving damages in
excess of the amount of aggregate
liability, the Congress will thorough-
ly review the particular incident and
will take whatever action is deemed
necessary and appropriate to protect
the public from the consequences of a
disaster of such magnitude."

Both the private nuclear liabil-
ity insurance polices and the indem-
nity agreement that the Commission
enters into with licensees are
"omnibus" in nature. That is, in
recognition of the requirement of the
Act to provide coverage for the lice-
nsee and other "persons indemnified,"
the policies cover not only the
utility licensees but also any other
person liable for the accident. The
scope of Price-Anderson coverage
includes any accident in the course
of transportation of nuclear fuel to
the reactor site, in the storage of
nuclear fuel at the site, in the
operation of the reactor, including
discharge of radioactive effluents,
in the storage of nuclear fuel and
nuclear waste at the reactor site, and
in the transportation of nuclear
fuel and nuclear waste from the reac-
tor.

The insurance industry formed
two insurance pools to provide nuclear
liability insurance capacity to the ;
utility industry at the time of pass-'
age of the Price-Anderson Act. One
pool, American Nuclear Insurers is
composed of investor-owned stock
insurance companies. The other pool,

Mutual Atomic Energy Reinsurance Pool
is made up of policy-owned mutual
insurance companies. About half of
each pool's total liability capacity
comes from foreign sources. Member
companies comprising the pools decide
independently the amount of capacity
they wish to commit to nuclear risks.
The Facility Form oolicy is for the
owners and operators of nuc lear facil-
ities and when provided as financial
protection is a formal part of the
Price-Anderson system. The pools
also participate in the secondary
part of financial protection required
by Price-Anderson by issuing policies
that set forth the terms, conditions,
end obligations of the parties to
cover the secondary part of insurance
protection. The pools are authorized
to charge the utilities and then pay
out the collected premium funds on
behalf of the utility which had the
accident.

While Congress placed particular
emphasis in the 1957 enactment of
Price-Anderson on the basic princi-
ples of protection of the public and
encouragement of the industry, other
principles were considered. Congress
also recognized that the substitution
of government indemnity for private
insurance should be a short-term
expedient—that is, one limited at
least Initially to ten years. The
substitution of private insurance for
government indemnity was statutorily
recognized in the 1965 extension of
Price-Anderson by stipulating that
government indemnity would be reduced
to the degree that financial protec-
tion was provided above $60 million.
The process of shifting the burden of
nuclear liability risk1; from the
Government to the nuclear industry
culminated in the 1975 amendments to
the Act which established a secondary
retrospective premium insurance layer
to provide funds for excess insurance
after an accident exhausted the
primary insurance layer. As mention-
ed, as the secondary layer continued
to increase, government indemnity
was gradually phased out and in
November 1982, was eliminated.

Prior to 1977, the Joint Comm-
ittee on Atomic Energy had exclusive
jurisdiction over atomic energy
issues. Upon the dissolution of the
JCAE, however, a number of different
House and Senate committees were
granted jurisdictional authority
over atomic energy. Regarding the
most recent Price-Anderson extension,
this shared authority has meant
hearings on bills to modify Price-
Anderson before four subcommittees
with bill markups by five subcomm-
ittees and five full committees.
This situation contrasts quite dram-
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atically with the 1975 extension of
Price-Anderson Act. At that time,
only one bill was introduced to
modify and extend Price-Anderson with
that bill marked up and reported out
only by the Joint Committee.

Nine bills have been introduced
in the 99th Congress to modify and
extend Price-Anderson. Only two of
the bills, H.R. 3653, introduced by
Congressman Udall, and S. 1225 intro-
duced by Senators McClure and Simpson
have been reported out. H.R. 3653
was reported out by the House Inter-
ior and Insular Affairs, Energy and
Commerce and Science and Technology
Committees. S. 1225 was reported out
by the Senate Energy and Natural
Resources and Environment and Public
Works Committees.

Not surprisingly there are signi-
ficant differences between H.R. 3553
and S. 1225. There are also differ-
ences, however, in the different
versions of each of these two bills
as reported out by the respective
oversight committees. I would now
like to discuss some of the major
provisions of H.R. 3653 as well as
point out some of the differences in
the two versions of the bill. I will
then follow with a similar discussion
of S. 1225.

First, as reported out by the
House Interior Committee, H.R. 3653
increases the funds available to pay
public liability claims arising out of
nuclear accident assuming the opera-
tion of 101 large commercial nuclear
reactors from $665 million to approx-
imately $6.5 billion. This would mean
that the deferred retrospective prem-
ium assessed against large commercial
power reactors would increase from
S5 million per reactor per accident to
$63 million per reactor per accident
with not more than $10 million per
reactor collected in any one year.
Second, large commercial power reac-
tors would maintain not less than
$200 million of primary financial
protection. Third, in order to pay
public liability claims arising out
of a nuclear accident on a timely
basis, the NRC would be able to borr-
ow funds from the Treasury or request
Congressional appropriation of addi-
tional funds to pay the entire aggr-
egate maximum retrospective premiums
on behalf of'iti lity licensees.
These licensees would then reimburse
the Commission over a period of years.
Fourth, a futuro Congress could enact
a revenue measure to recover from
reactor licensees, funds paid out in
compensating victims of a nuclear
accident above the liability limit.
Fifth, a study commission would be
created to examine and report to
Congress on alternative measures of
compensating victims of a nuclear

accident above the liability limit.
Sixth, primary insurance and second-
ary deferred retrospective premiums
would not be used to pay the costs
of investigating, settling and de-
fending claims for damages arising
out of a nuclear accident. Seventh,
the costs of a precautionary evacu-
ation would be compensable if liabil-
ity exists under state tort law.
Eighth, the 20-year statue of limita-
tions would be eliminated and a three-
year from discovery rule would be
substituted. This rule would recog-
nize any claim filed within three
years of discovery of damages.
Ninth, DOE contractor liability
protection would be equivalent to
the financial protection made avail-
able for NRC reactor licensees.

There are two major differences
in H.R. 3653 as reported out by the
Interior and Insular Affairs, Energy
and Commerce and Science and Technol-
ogy Committees. First, as I mentio-
ed, in the version of H.R. 3653
reported out by the Interior and
Insular Affairs Committee, accidents
involving high level radioactive
waste would not be subject to a
limitation of liability. This prov-
ision was deleted by the Science and
Technology Committee in its markup
so that high level radioactive waste
activities would be subject to the same
limitations of liability as other
DOE activities. The E n e m y and
Commerce Committee further complicat-
ed this issue by exempting all DOE
contractor activities from a limita-
tion of liability. Second, the
Science and Technology Committee re-
moved the NRC from the three-member
panel that would be convened to de-
termine the reasonableness of pre-
cautionary evacuations for incidents
involving Department of Energy
contractors.

Turning now to the Senate s
S. 1225 as reported out by both the
Senate Energy and Natural Resources
and Environment and Public Works
Committees provides among other
things for Department of Energy in-
demnification of its contractors to
the same level as that required of
NRC licensees; confirms that the
Department of Energy must indemnify
contractors involved with its nuclear
waste programs; provides for federal
compensation of claims arising from
incidents involving nuclear material
that has been illegally obtained
from unknown sources; and allows for
the reimbursement of the cost of
precautionary evacuations resulting
from incidents involving DOE contra-
ctors.

Two of the provisions in the
version of S. 1225 as reported out
by the Energy and Natural Resources
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Committee differ from the version
reported out by the Environment and
Public Works Committee. F'lrst, in
the Energy Committee version, the
Nuclear Regulatory Commission is
directed to increase by rulemaking
the present $5 million retrospective
premium charged each reactor follow-
ing a nuclear incident to a premium
of not less than $15 million nor
more than $20 million. The Commiss-
ion would be required to annually
adjust this premium based on the
effect of inflation.
Under the version of S. 1225 reported
out by the Environment and Public
Works Committee, however, the maximum
deferred premium that could be assess-
ed against a nuclear reactor per inci-
dent would be $60 million with no more
than $12 million collected in any one
year. Second, S. 12 25 as reported out
by the Energy Committee deletes the
20-year statue of limitations and

adopts a 3-year from discovery rule.
In the Environment Curnmittee version
of S.1225, a fixed statute of limita-
tions provision is retained but incr-
eased to 30-years.

It is still too eariy to predict
whether H.R. 3653 and S. 1225 will be
brought to the floor of both chambers
during the last weeks of the 99th
Congress. If this does not occur,
it would still be possible for the
bills to be considered in a lame duck
session if such a session were to be
convened. If Congress does not enact
Price-Anderson extension legislation
this year, however, new bills to
extend and modify Price-Anderson would
have to be introduced in the next
session of Congress. If a new round
of hearings and markups were held, it
is difficult to predict whether leg-
islation to extend Price-Anderson
could be enacted by the August 1, 1987
expiration date of the present Act.
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Protective Action Guides: Rationale, Interpretation, and Status

Joe E. Logsdon

ABSTRACT: The Environmental Protection Agency
(EPA) is developing Protective Action Guides
(PAGs) Eor responding to radiological emergen-
cies. The existing interim guidance for plume
exposure pathways is 0.03. to 0.05 Sv (1 to 5
rems) whole body dose equivalent and 0.05 to 0.25
Sv (5 to 25 rems) committed dose equivalent to
the thyroid from a 2 to 4 day exposure. Interim
PAGs for ingestion exposure pathways are 0.015 to
0.15 Sv (1.5 to 15 reins) committed dose equiva-
lent to the thyroid and 0.005 to 0.05 Sv (0.5 to
5 rems) committed dose equivalent to the whole
body or any other organ from a one-year exposure.
Draft Relocation PAGs have been proposed as a
range of 0.01 to 0.05 Sv (1 to 5 rems) committed
effective dose equivalent from the first year
exposure to deposited radioactive material from
all exposure pathways except ingestion of food
and water.

The guidance (i.e., PAGs for plume, inges-
tion, and relocation; limits for emergency
workers and other persons entering restricted
zones; and guidance for development of recovery
criteria) is reviewed with regard to status,
values, rationale, interpretation and implemen-
tation.

I. BACKGROUND

The Environmental Protection Agency (EPA) is
responsible for developing radiation protection
guidance for emergency responses to nuclear
accidents. This guidance is published in interim
form in a document entitled "Manual of Protective
Action Guides and Protective Actions for Nuclear
Incidents" (PAG Manual) (EPA, 1975). After all
PAGs are developed and some experience is gained
in their application, we plan to revise them as
necessary and publish them in final form.

In the ea.ly 1960's the Federal Radiation
Council fFRC) developed PAGs for radioactivity in
food due to fall- out from nuclear weapons tests
(FRC, 1964 and 1965). These were not appropriate
for the early phase of a nuclear accident, when
the concern is direct exposure to an airborne
plurae of radio-active materials, and in 1975 EPA
developed recommended PAGs for airborne plumes.

Because of the urgent need to provide guidance
to the States, EPA elected to issue these PAGs on
an interim basis, with the intent of accumulating
experience in their application before final prom-
ulgation. A similar development process has
continued for subsequent PAGs that apply to the
intermediate phase. The Food and Drug Adminis-
tration (FDA), in coopsration with EPA, developed
recommendations on radioactivity in food and
animal feed and published them in October 1982.
The interim PAGs for plumes and recommendations
for radioactivity in food and animal feeds have
since been incorporated into State radiological
emergency response plans (RERPs).

As a result of experience gained over a
period of years from developing and testing RERPs,
conducting training programs, and the accident at
Three Mile Island, the need for some revisions and
additions became apparent. It also became apparent
that additional PAGs are required for exposure to
deposited and resuspended radioactive materials
and that guidance is needed for developing
criteria for cleanup during recovery.

Prior to the accident at Chernobyl, revised
plume PAGs, and ingestion PAGs incorporating the
FDA's recommendations for food with EPA's guidance
for drinking water, had been developed and
reviewed by Federal and State agencies and the
nuclear industry. Draft guidance had also been
developed for exposure to deposited and resus-
pended radioactive materials and was in the
process of being developed on how to establish
long-term radiation protection criteria for
recovery. As a result of current experience being
gained from Chernobyl and participation in the
development of guidance for the International
Atomic Energy Agency, some further needs have been
identified. These include simplification of the
decision process for protective actions and im-
proved, more explicit response levels for radio-
activity in food.

II. STATUS

A. Plume PAGs
Plume PAGs were issued in 1975 for whole body

external exposure and thyroid inhalation exposure.
A proposed revision to include PAGs for other
organs for inhalation pathways and the technical
rationale for selection of the plume PAG values
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was sent in 1985 for comment by State and Federal
agencies and the nuclear industry.

The most important changes based on those
comments are:

1. Revised units are being proposed from
"dose equivalent" to "committed effective dose
equivalent" based on International Commission on
Radiation Protection (ICRP, 1979) dosimetry. The
revised PAGs would be a range of 1 to 5 rei s com-
mitted effective dose equivalent subject to a
special limitation for thyroid dose. This change
would not require revisions to existing emergency
response plans for nuclear power plants, as ex-
plained later.

2. The urgency of implementing early
protective actions based on plant conditions
instead of dose calculations at the time of the
accident ;.s given greater emphasis.

3. Simplified dose calculation proce-
dures using nomograms are removed from the
guidance, and users are encouraged to employ
computer technology in their emergency plans for
dose calculations. The simplified procedures are
retained as a backup in Appendix D to the PAG
manual and for training programs on accident
assessment.

4. The cost analyses supporting PAG
value selection are revised to eliminate planning
costs as a consideration.

5. BEIR-3 (NAS, 1980) analyses are used
as the primary basis for evaluation of risk of
long-term health effects.

6. The 75-rem whole body dose limit for
lifesaving activities was eliminated, and exposure
for such activities at projected doses above 25
rems are recommended only for volunteers aware of
the risk involved.

Transraittal of the plume PAGs to the Federal
Radiological Preparedness Coordinating Committee
(FRPCC) for their concurrence is being delayed
pending incorporation of some guidance on derived
response levels under development by EPA in
cooperation with the International Atomic Energy
Agency.

B. Ingestion PAGs
Recommendations regarding radioactivity in

food and animal feed were developed by FDA in
cooperation with EPA and published in 1982 (FDA,
1982). EPA adopted these recommendations (1.5 to
15 rems to the thyroid and 0.5 to 5 rems to the
whole body or other organs) aa interim PAGs and
added drinking water as a category of food. These
PAGs, along with implementation guidance, were
transmitted for review by State and Federal
agencies and the nuclear industry in 1985. The
only major changes required as a result of the
comments relate to simplification of the dose
projection process and the inclusion of example
calculations.

As a result of the Relocation Tabletop
Exercise in December 1985, it became apparent that,
while ingestion PAGs are adequate for application
to situations in which supply of food is an emer-

gency need, an emergency for food and drinking
water would not exist unless the implementation of
protective actions would create a food or water
shortage. Stated another way; it would not be rea-
sonable to expect persons to consume food or water
that is contaminated to the level of the PAGs if
other noncontaminated food or water is available
at a cost that is justifiable on the basis of risk
avoided. On the other hand, there should be some
level of dose above which cost should not be a
consideration. This dose is logically the upper
range of the PAG (the "emergency PAG"). EPA is
currently evaluating the need to develop
additional guidance for non-emergency situations
following accidental releases. This will require
additional peer review before transmittal to the
FRPCC for their concurrence. Derived dose con-
version factors for all major radionuclides and
food types are also being developed.

C. Relocation PAGs
Draft relocation PAGs have been transmitted

for review and comment by State and Federal
agencies and the nuclear industry. They are
recommended as a range of 1 to 5 rems committed
effective dose equivalent to individuals in the
general public from exposure to deposited radio-
active materials via all exposure pathways except
ingestion of food and water. The exposure and/or
intake period to be assumed for dose projection
purposes is one year and the guidance is applicable
for up to one year after the accident. If special
radiation protection criteria for recovery are not
developed within one year, the existing Radiation
Protection Guides (FRC, 1961) for individuals in
the population will apply beginning with the second
year. Persons temporarily reentering the restricted
zone established on the basis of the relocation
PAGs would have their exposure controlled according
to established occupational exposure limits.

After resolution of comments from those pre-
sently reviewing the draft guidance, the relocation
PAGs will be sent to the FRPCC for their concur-
rence prior to their transmittal for use as interim
guidance.

D. Recovery Guidance

The selection of radiation protection
criteria for recovery must consider the existing
environmental, social, and economic circumstances.
Since the public would already be protected by

way of relocation, recovery becomes primarily an
economic issue. We do not plan to establish
generally applicable numerical recovery criteria.
Instead we are developing procedures that may be
used after an accident to conduct a cost/risk
analysis of the affected area. This analysis
would provide a primary basis for selection of
radiation protection criteria for recovery.

Draft technical reports dealing with cost/
risk analyses and alternative exposure pathways
are under development. These will form the basis
for procedures that can be used in the development
of radiation protection criteria for recovery.

III. RATIONALE

The following three principles represent the
primary considerations in establishing values for
the PAGs:
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1. Acute radiation effects (those
effects that would be observaBle within a short
period of time, approximately 60 to 90 days,
following exposure and that have a dose threshold
below which such effects would not occur) are to
be prevented.

2. Delayed effects (primarily cancer and
life span shortening) must be minimal and limited
to levels that EPA judges to be adequately protec-
tive of the public health, and

3. The guidance must be practicable in
terms of cost and risk incurred in implementing it.

We have concluded that PAGs in the range of
1 to 5 reins meet these three principles for evac-
uation to avoid short term (two to four days)
exposure to the plume and deposited materials and
also to avoid longer term (up to one year) direct
exposure to deposited materials. Values for pro-
tective actions for ingestion pathways and for
sheltering should generally be lower.

No lower limit has been specified for short
term (a few hours) sheltering to avoid plume
exposure since the cost and risk are small and
generally indeterminate. A lower limit for shel-
tering should be established by local planners or
responders based on considerations other than dose
(e.g., communication needs, social concern, and
political boundaries).

The lower limit of 1.5 rem to the thyroid and
0.5 rem to whole body or other organs from emer-
gency ingestion of food and water are justified
primarily on the basis of comparative risk accept-
able to the public. Lower values can be justified
on the basis of cost/risk analyses for some com-
binations of radionuctides and foods, but perhaps
not for others. The possibility of establishing
ingestion exposure criteria based on cost/risk
analyses for response under conditions not con-
stituting an emergency is being evaluated, as
mentioned previously.

IV. INTERPRETATION

PAGs are stated as a range of values to allow
for informed judgment, taking local constraints
and conditions into account. They are tools to be
used in planning and decision aids for use in
actual response situations.

Although there are some minor differences in
the interpretation of the ranges for the three
categories of PAGs, generally speaking, the lower
end of the range is the projected dose it which
plans should be made to implement simple or
low-impact protective actions (sheltering, use of
stored cattle feed, and simple decontamination
techniques) and to consider implementation of
high-impact actions (evacuation, food restriction,
and relocation). The higher impact actions should
be implemented at the lower end of the range unless
constraints (e.g., weather, costs, and competing
emergencies) make their implementation impracti-
cable. Low-impact actions should be considered
and implemented, where practicable, at levels
below the lower range of the PAGs. No level is
established below which low-impact protective
actions should not be implemented. This decision
is left to local authorities based on existing

conditions and the generally accepted public
health practice of limiting radiation exposure to
as low as reasonably achievable levels.

The upper end of the range is the projected
dose above which decisions should usually be made
to implement high impact protective actions with-
out consideration of cost or difficulty. Protec-
tive actions should not be implemented in any
case, however, where the health risk associated
with the protective action will equal or exceed
the health risk from the radiation that would be
avoided.

V. IMPLEMENTATION

The technical portion of PAG implementation
involves a determination of the projected dose as
a function of location in the environment, the
selection of the actual PAG values to be used, and
the identification of areas where the selected
PAGs will be exceeded. (Realistically, dose pro-
jections in the early phase of an accident based on
radiological information are not likely to be
available at the time of protective action deci-
sions. Such decisions are expected to be made in
most cases on the basis of dose estimates related
to existing or forecasted plant and/or environ-
mental conditions.)

Dose conversion factors and example dose
projection methods, as well as guidance for
selecting appropriate PAG values, are provided in
the implementation portions of the PAG manual.
Users are encouraged to adopt existing computer
techniques or to develop their own to supplement
the simplified dose projection methods presented.

Since "committed effective dose equivalent" is
being adopted as the unit for plume exposure path-
ways and for direct exposure to deposited radio-
active materials, the thyroid, which exhibits a
high ratio of curable to fatal cancers, requires
special consideration. This is because effective
dose considers only the risk of fatal cancers. To
provide a simple method of accounting for the high
risk of curable thyroid cancers, dose conversion
factors for inhalation are derived from the "annual
limits for intake" (ALIs) from ICRP-30 (ICRP,
1969). Because this ALI is bounded by the non-
stochastic limit of 50 rems, this results in a
dose to the thyroid that is one third that calcu-
lated on the basis of effective dose. Although
the PAGs for pathways other than ingestion of food
and water are expressed in terms of effective dose,
the implementation guidance results in projected
doses that are higher than the true effective dose
in cases where thyroid inhalation dose is involved.

Most States already have RERPs based on whole
body and thyroid dose equivalent PAGs, and there
was concern that the change to effective dose
equivalent would force major changes in existing
plans. However, if one uses the dose projection
techniques provided with the previously issued
dose-equivalent plume PAGs and bases decisions on
those projected doses and PAGs, calculations show
that the effective dose PAGs will be satisfied for
most postulated reactor accidents. In those cases
in which the effective dose PAGs would not be
satisfied, calculations indicated that thr effec-
tive dose PAG would be exceeded only sligntly (10
percent). Therefore, it is not considered neces-
sary to convert RERPs for nuclear reactor accidents
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to effective dose in cases when the previously
issued FAGs and calculational techniques are used.

During the intermediate phase of the accident,
monitoring data should be available particularly
for decisions to return evacuees or to relocate
individuals based on relocation FAGs. The draft
now undergoing peer review recommends relocation
PAGs in the range of 1 to 5 reins committed effec-
tive dose equivalent from the first year exposure
to and intake of deposited radioactive materials.
It also provides guidance for selecting a value
from within the range. In general, the lower end
of the PAG range will be bounded by the accepta-
bility of costs for continued relocation relative
to the risk avoided. A range of costs for risk
avoidance that EPA has used as one factor in its
development of environmental standards is recom-
mended as a basis. The range of costs presently
used is $400,000 to $7,000,000 per statistical
life saved for implementation of an environmental
standard. Based on these criteria, a lower bound
on the PAG range of less than 1 rem is not
expected to be cost-effective.

The upper range relocation PAG is limited by
the lower of (a) 5 rems in the first year or, (b)
by a dose that could be reduced during the first
year so that residents would receive no more than
the RPG for individuals (FRC, 1961) during the
second year. Based on lessons learned at the
Relocation Tabletop Exercise, it was concluded
that a gradual return to contaminated areas should
be allowed. Return for occupancy at doses greater
than the lower range of the relocation PAG should
be permitted only after completion of experiments
showing probable effectiveness of dose reduction
efforts during the first year.

Our intent is to allow for flexibility in the
implementation of PAGs. However, above the upper
PAG range there is significant risk to the exposed
population; and protective actions should normally
be considered mandatory, recognizing that when an
accident actually occurs, unforseen conditions or

constraints may require overriding professional
judgment to protect the public.

VI. REFERENCES
Environmental Protection Agency, 1975 revised

1980, Manual of Protective Action Guides and
Protective Actions for Nuclear Incidents.
Environmental Protection Agency, Office of
Radiation Programs. Washington, D. C. 20460.

Federal Radiation Council, 1961, Radiation
Protection Guidance for Federal Agencies.
Federal Register, September 26, 1961.

Federal Radiation Council, 1964, Radiation
Protection Guidance for Federal Agencies.
Federal Register, Volume 29, pp. 12056-7,
August 22, 1964.

Federal Radiation Council, 1965, Radiation
Protection Guidance for Federal Agencies.
Federal Register, Volume 30, pp. 6953-5 (May
22, 1965).

Food and Drug Administration, 1982, Accidental
Radioactive Contamination of Human Food and
Animal Feeds; Recommendations for State and
Local Agencies. Federal Register, October 22,
1982.

International Commission on Radiation Protection,
1979. Limits for Intakes of Radionuclides by
Workers, ICRP Publication No. 30, Pergaraon
Press, Oxford.

National Academy of Sciences, 1980, "The Effects
on Populations of Exposure to Low Levels of
Ionizing Radiation: 1980." Reports of the
Committee on the Biological Effects of
Ionizing Radiations. National Academy Press,
Washington, D. C.



ANS Topical Meeting on Radiological Accidents—
Perspectives and Emergency PUnning

The Federal Radiological Emergency Response Plan

Vernon Adler

Abstract - This paper describes the development
of the Federal Radiological Emergency Response
Plan and its application.

I. GENESIS OF THE FEDERAL PLAN (FRERP)

Work began on the Federal Radiological
Emergency Response Plan (FRERP) in 1980 with an
effort to bring together Federal resources into a
consolidated plan for response to a peacetime
nuclear emergency. Plan development became a
priority subject following the emergency in March
1979 at Three Mile Island.

A major recommendation of the Kemeny
Commission was that there should be centrali-
zation of emergency planning and response in a
single agency at the Federal level with close
coordination between it and State and local
agencies, and that there should be a single
agency that has the responsibility both for
assuring that adequate planning takes place and
for taking charge of the response to the emer-
gency.

Additionally, P.L. 96-295 (June 30, 1980)
directed the President to prepare and publish a
National Contingency Plan. Three months later
(September 29, 1980), E.O. 12241 delegated this
authority to the Federal Emergency Management
Agency (FEMA).

FEMA published the National Radiological
Emergency Preparedness/Response Plan for
Commercial Nuclear Power Plants (Master Plan) in
December 1980, which applied to nuclear power
station radiological emergencies.

II. DEVELOPMENT OF THE FEDERAL PLAN

The interagency Federal Radiological
Preparedness Coordinating Committee (FRPCC)
undertook development of a more detailed plan,
following Master Plan publication. This FRPCC
effort, led by FEMA, involved 12 Federal depart-
ments and agencies.- The scope of the Committee's
effort was expanded to include all major peace-
time radiological emergencies; in April 1983,
draft planning guidance was published by FEMA for
use by other Federal agencies.

The draft Federal Plan (FRERP) was published
for comment in January 1984 and served as the
basis for the first Federal Field Exercise

(FFE-1) in March 1984 at St. Lucie, Florida. The
overall concept of operations for the Federal
Plan was tested first in the tabletop exercise
(HIEX-82).

The St. Lucie Exercise (FFE-1), established
the viability of the draft Federal Plan.
Exercise of the Federal Plan was conducted as
part of a full field Radiological Emergency
Preparedness (REP) exercise which involved the
utility, State and local government.
Approximately one thousand people participated in
the FFE-1 Florida exercise; FEMA's cost of
planning for and conducting the exercise exceeded
$0.5 million. FFE-2 is to be the second in a
series of planned triennial field exercises of
the Federal response to a major radiological
emergency. It will simulate an accident at the
Zion Nuclear Power Plant and will involve
coordination of Federal efforts, the State of
Illinois and Wisconsin and the counties of Lake
and Kenosha.

The Federal Plan became fully operational
following concurrence of all twelve participating
Federal agencies and its publication in the
Federal Register on November 8, 1985.

III. SCOPE OF THE FEDERAL PLAN

The Plan covers a wide range of peacetime
nuclear emergencies requiring Federal response in
support of State and local government requests
for Federal assistance. It is primarily an
offsite plan, applicable within the United States
and its territories to the Federal response in
the event of a nuclear reactor, nuclear weapon,
radiological transportation, or other significant
accident involving radiological material.

IV. PLANNING ASSUMPTIONS FOR THE FEDERAL PLAN

State and local governments have primary
responsibility for protection of public health
and safety. Consequently the Federal government
will respond when requested by a state or when
required to fulfill statutory responsibilities.

The Federal Plan creates no new Federal
authorities. It provides for the coordinated
implementation of response by Federal agencies
operating under each agency's existing author-
ities.
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V. CONCEPT OF OPERATIONS

The FRERP provides for sharing the "lead
agency" responsibilities for responding to a
major radiological emergency, based on various
statutory responsibilities, authorities, and
capabilities. The Cognizant Federal Agency (CFA)
is the agency that owns, authorizes, regulates or
is other wise responsible for the facility on
radiological activity causing the emergency, and
that has authority to take action on site. For
example, the CFA, which is the Nuclear Regulatory
Commission in the case of a commercial nuclear
power station, operates from the utility's
Emergency Operations Facility (EOF), as a general
rule. FEMA coordinates among Federal agencies
and between the Federal government and State/
local governments; its operational center is the
Federal Response Center (FRC) through which
Federal resources are coordinated in response to
State requests for assistance.

FEMA, as principal coordinator for the
Federal family, is attentive to numerous inter-
faces, including coordination among the Federal
agencies; coordination between Federal and
State/local governments; coordination of offsite
with onsite efforts; and coordination between
Washington, D.C., and onscene (between the ."?EMA
Emergency Support and Response Teams).

The Department of Energy applies its
technical expertise and resources for offsite
radiological monitoring and assessment; DOE
operates from the Federal Radiological Monitoring
and Assessment Center (FRMAC), which is led by a
DOE Offsite Technical Director (OSTD).

VI. FEDERAL AGENCY RESPONSE FUNCTIONS UNDER THE
FEDERAL PLAN

The Cognizant Federal Agency (CFA) is either
the Nuclear Regulatory Commission, Department of
Defense, or Department of Energy. It is also
probable, in circumstances where tha organization
or entity responsible for the source of radio-
activity is unknown or not of U.S. origin, such
as in the case of nuclear satellite reentry, that
FEMA would coordinate the Federal response using
the technical assistance of U.S. Federal agencies
like DOE, NRC or EPA.

DOE may also serve as the CFA in weapons and
certain transportation accidents. The Nuclear
Regulatory Commission is the CFA in a nuclear
power station accident. The Department of
Defense can be the CFA in nuclear weapons
accidents and otherwise provides support activ-
ities. '

The other Federal agencies which are
currently responders under the Federal Plan
include:

a. Health & Human Services - provides
health care;

b. Department of Commerce (National Weather
Service)-meteorological information;

c. Housing and Urban Development - housing
support;

d. Department of Interior - public lands,
ground waters;

e. Department of Transportation - coordi-
nation and support of transportation;

f. Environmental Protection Agency - long-
term radiological monitoring;

g. National Communications System-
communications support if required.

VII. EXERCISES OF THE FEDERAL PLAN AND LESSONS
LEARNED

The dozen Federal agencies, involved in the
Federal radiological emergency response exercise
program, are cooperating in a joint effort to
conduct major exercises like the Federal Field
Exercise of 1984, on a triennial schedule with
Federal tabletop exercises held in the year
following the field exercises; consequently the
second Federal Field Exercise (FFE-2) will be
conducted in 1987 with a tabletop effort planned
for the following year.

The Federal Field Exercise (FFE-1) in March
1984, and the Relocation Tabletop Exercise in
December 1985, provided "lessons-learned" in
several areas. The mock accident in FFE-1
followed a scenario of much greater severity than
was experienced at Three Mile Island. Eight
hours into the FFE-1 emergency, the State of
Florida requested Federal Assistance. Major
Federal assistance to the State and local
government was provided through the Federal
Response Center. The FFE-1 included testing of
40 interfaces, grouped into seven broad areas for
evaluation including notification, activation and
deployment, onsite/offsite activity coordination,
public information coordination, White House and
Congressional coordination. The FRERP Field
Exercise Evaluation Report of June 1984 documents
lessons learned as the result of the first
Federal Field Exercise (FFE-1) of the Federal
Plan.

Reentry and recovery were not examined in
FFE-1, and so a relocation tabletop 'exercise, the
RTE, was developed and conducted in December 1985
at FEMA's Emergency Management Institute in
Emmitsburg, Maryland. Lessons learned are
documented by the March 12, 1986, RTE After-
Action Report. For example, it became clear from
this exercise that the concept of a .Joint
Information Center (JIC) needs further definition
of goals and guidelines, and that substantial
benefits of information exchange were obtained
through liaison officers to response centers;
this should be encouraged.

An American Nuclear Insurers (ANI) repre-
sentative in the Federal Response Center provides
the Senior FEMA Official rapid access to impor-
tant data concerning insurance industry response
initiatives. It became clear through the RTE
that, at present, Federal agencies may or may not
choose to implement their respective statutory
authorities through the onscene organization,
that is, through the SFO or CFA. They may choose
instead to implement these authorities through
their own headquarters or regional offices.

This and other important policy questions
which came into sharper focus in the exercise are
being examined through the FEMA-led Federal
Response Subcommittee of the Federal Radiological
Preparedness Coordinating Committee. Answers to
these questions and development of appropriate
procedures among Federal agencies in support of
the Federal Plan are an ongoing effort.
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The second Federal Field Exercise (FFE-2)
will be held June 23-25, 1987, at the Zion Plant.
The 10-mile Emergency Planning Zone for Zion
includes both the State of Illinois and
Wisconsin. This exercise will be part of a full
REP exercise by these States and the Commonwealth
Edison utility. The FFE-2 will inclu-le a
complete accident scenario, beginning on site and
extending to an including key post-accident
recovery considerations.



ANS Topical Meetiog on Radiological Accidents-
Perspectives and Emergency Planning

Role of the Federal Radiological Monitoring and Assessment Center
(FRMAC) Following a Radiological Accident

John F. Doyle III

ABSTRACT The Federal Radiological Emergency
Response Plan (FRERP) calls for the Department
of Energy to establish a Federal Radiological
Monitoring and Assessment Center (FRMAC) immedi-
ately following a major radiological accident to
coordinate all federal off-site monitoring
efforts in support of the State and the Cogni-
zant Federal Agency (CFA) for the facility or
material involved in the accident. Some acci-
dents are potentially very complex and may
require hundreds of radiation specialists to
ensure immediate protection of the public and
workers in the area, and to identify priorities
for the Environmental Protection Agency (EPA)
long-term efforts once the immediate protective
actions have been carried out. The FRMAC pro-
vides a working environment with today's high
technology tools (i.e., communication, comput-
ers, management procedures, etc.) to assure that
the State and CFA decision makers have the best
possible information in a timely manner on which
to act. The FRMAC planners also recognize an
underlying responsibility to continuously docu-
ment such operations in order to provide the
State, the CFA, and the EPA the technical infor-
mation they will require for long term assess-
ments. In addition, it is fully recognized that
information collected and actions taken by the
FRMAC will be subjected to the same scrutiny as
other parts of the accident and the overall
response.

I. BACKGROUND

At the time of the Three Mile Island acci-
dent in March 1979, the U.S. experience in re-
sponding to major nuclear accidents was limited
to a few earlier accidents involving nuclear
weapons and the joint Canadian - U.S. response
to the reentry of the 40KW nuclear reactor on
the COSMOS 954 satellite over the Northwest
Territory of Canada in January of 1978. Since
1960, the Radiological Assistance Program (RAP),
consisting of a dozen or so agencies in the

U.S., had been assisting the State and local
governments with routine responses to trans-
portation accidents involving trucks, trains,
and aircraft, as well as problems in industry
and hospitals with lost sources, spills, or wet
packages. The typical Radiological Assistance
Teams, consisting of five to ten personnel
trained in Health Physics and equipped with
appropriate monitoring equipment and protective
clothing, are well prepared to handle these
types of problems. The Canadian experience,
however, taught us that a nuclear accident
involving dispersal of fission product contami-
nation of potentially high levels over large
geographic areas presents major response manage-
ment problems. Further, it was thoroughly dem-
onstrated in the COSMOS 954 response that aerial
radiation measurement technology would be ex-
tremely valuable for rapidly defining the
affected areas.

Therefore, when the Three Mile Island acci-
dent occurred, DOE immediately responded to
almost simultaneous requests for assistance from
both the State and NRC with both RAP teams and
the Aerial Measuring System capability. By
Thursday, the second day of the accident, DOE
on-site management offered to host an ad hoc
discussion of off-site measurement results thus
far, for all interested parties including State,
NRC, EPA, other federal agencies, and local
public safety organizations. Following this
meeting, DOE decided to bring in additional re-
sources to establish and support a federal tech-
nical coordinating center for off-site measure-
ment and analysis activities. By Saturday this
Command and Control Center was fully equipped,
and ten RAP teams plus the EPA and other agen-
cies were coordinating a significant off-site
monitoring and assessment activity in conjunc-
tion with the State Bureau of Radiation Health.
Both the State and the NRC were the major users
of the results. Following the Three Mile Island
accident, the approach and procedures performed
on an ad hoc basis were formalized into the'pre-
sent Federal Radiological Emergency Response
Plan (FRERP). In addition to coordination of
the off-site monitoring and assessment effort,
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the present FRERP plan assures that all federal
support to the state and local authorities is
fully coordinated under the direction of the
Federal Emergency Management Agency (FEMA).

II. THE FRMAC ROLE

The Federal Radiological Monitoring and
Assessment Center has a crucial role to play in
response to a major radiological accident. The
lesson learned from the Three Mile Island re-
sponse was not only that one must rapidly assem-
ble accurate off-site measurements, but that
these results must be clearly and quickly placed
in the hands of the local decision makers and
must represent all off-site data being collect-
ed. Unfortunately the Chernobyl accident, with
its extensive spread of fission product contami-
nation, clearly underlines the need for the role
described above. The complexity of the measure-
ment problem cannot be underestimated. Alpha,
beta, and gamma effects must all be accounted
for over potentially large geographic areas, and
the whole process may be further complicated by
a continuing release of radiation as well as
changing environmental factors. The calibration
and assessment functions share the same compli-
cations as the data collection. The bottom
line, however, is that in spite of the very com-
plex technical processes which must be carried
out, information critical to the protective
action processes must be placed in the hands of
the local decision makers and the CFA at the
earliest possible time. These results must also
be available in a format that the local authori-
ties and the CFA can immediately use to inform
nontechnical authorities and the public in a
clear and unambiguous way. Ultimately the news
media will be the primary means for communicat-
ing directly with the public concerning the
status of the situation and recommended actions
for public protection. There is a very real
technical concern for having an adequate amount
of time to make accurate measurements, cross-
check the results, prepare assessments, and com-
plete the protective action judgments before
making public statements. The major challenge
for the FRMAC staff, working hand-in-hand with
the State and CFA, is to create a scientific
work environment for the off-site measurement
effort to compress the information turn around
time to the shortest possible time. Emergencies
which are technically complex require extensive
preplanning and a major investment in technical
resources in order to meet the problem head on.

III. THE FRMAC RESOURCES

A. Management

Senior level managers with extensive
operating experience in field situations are
needed to quickly size up the situation, deter-
mine the needed major resources, and implement
deployment plans to begin the response. Inter-
faces with State and local authorities and the
CFA must be immediately established to determine
those resources they feel are most urgently
required.

B. Monitoring Personnel and Special
Equipment

For a large-scale release of radia-
tion which may contain particulates, a large
number of trained monitoring personnel and the
Aerial Measuring System resources will be placed
on full alert and deployed if the release has
already occurred or is imminent. RAT teams from
the closest DOE laboratories and contractors and
the EPA teams will be among the first federal
personnel to reach the scene. The aerial radia-
tion measurements can provide a very rapid
assessment of a large area, locate plumes, and
provide isotopic identification. The aerial
data can assist the monitoring manager in dis-
patching ground monitoring teams that are best
equipped to make in-situ measurements, set up
air sampling stations, etc.

C. Assessment/Data Base Personnel and
Equipment

At the earliest possible time after
monitoring is initiated, an assessment team of
health physics specialists must establish a
common map grid for collecting and reporting
data, specify the preferred units for reporting
results, assure the integrity of all monitoring
instruments (i.e., set up a small calibration
range), and prepare maps with results clearly
shown. The assessment team must consist of
State, CFA, DOE, and EPA personnel. Before any
data leaves the FRMAC, each organization must
indicate that they have knowledge of the data
and the FRMAC Off-site Technical Director must
formally release the data to be transmitted or
hand carried to the State and CFA senior offi-
cials. Protective action recommendations are
not provided by the FRMAC since they are the
prerogative of the State and CFA. If asked by
either the State or CFA for technical assis-
tance, the FRMAC will respond.

D. Other Technical Support

1. Command Post Support -

The DOE support team can fully
equip a command post to support an operation
involving 200 to 400 personnel for around-the-
clock operations. Included are logging and
dosimetry badging for all FRMAC staff, word pro-
cessing equipment, copy machines, office sup-
plies, a technical reference library, signs/
labels for a1! FRMAC functions, and mundane but
essential items such as coffee pots.

2. Communications

A comprehensive communication
system capable of providing telephone, VHF
radio, HF radio, and satellite links can be
airlifted to even a remote site to assure com-
mand and control of the operation. In addition,
the communication system plays an essential role
in the rapid dissemination of FRMAC results to
the State and CFA emergency centers.
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3. Photo/Video

A scientific and documentary
photo/video capability is prepared to support
requirements for aerial photo maps, technical
documentation of recovery and assessment opera-
tions, and copying of documents for volume dis-
semination. Teams are trained to work in full
anti-contamination clothing if necessary.
Graphic arts personnel also support this effort
to prepare maps or appropriate graphics for use
in media briefings at the Joint Information
Center.

4. Electro-Mechanical

Large turbine powered generators
to fully support a stand-alone FRMAC site,
mechanical systems to repair and support FRMAC,
and other major support items may be deployed if
required.

IV. FRMAC SITE SELECTION

The selection of a FRMAC site depends on a
number of factors, but the most significant are
the details of the accident. Although there
will be some pressure to prelocate a potential
FRMAC site, the specifics of the accident may
rule out such a site. All of the resources de-
scribed above are packaged for military airlift
and would be trucked from the nearest airport to
the FRMAC site. For a worse-case situation,
over 200,000 pounds of equipment which would
fill seven or eight 40-foot flatbed trucks may
be deployed to the site. The equipment and per-
sonnel can be completely self-supporting except
for housing and food. Even this support could
be provided by the military if required. The
FRMAC site must not be in the path of any
released radiation, and the distance from the
site can vary from five to twenty miles depend-
ing on the severity of the accident. The FRMAC
advance party team is prepared to make this
selection at the time a response is required.
The FRMAC advance party could be expected to
arrive on-site within six to eight hours, and a
full FRMAC can be in operation within 24 hours.
Some of the important criteria for a FRMAC site
are:

o Space providing 10,000 square feet in a
single or separate rooms, (i.e., school,
National Guard Armory, tents, trailers,
etc.)

o High ground for communications repeaters
o Road access for large flatbeds and RVs

equipped for analysis
o Nearby housing for 200 to 400 personnel
o Available fuel for aircraft and

generators
o Many other items dictated by the

accident

If the accident is the result of a natural
disaster such as a flood, earthquake, tornado,
etc. then many roads, utilities, etc. could be
unusable.

V. FRMAC SUMMARY

A major radiological accident creates a
potentially complex set of problems for off-site
and on-site response teams. For the off-site
effort alone, most State and RAT team resources
will be exhausted after the first 24 to 48 hours
of continuous operations. The FRMAC concept
permits some thirteen federal agencies to
provide a carefully coordinated and centrally
managed support as a backstop for the State and
CFA for the off-site radiation monitoring
activity. Through the FRMAC, the State and CFA
may obtain comprehensive technical assistance
drawn from the extensive resources of the DOE
national laboratories and contractors. Under
the FRMAC concept, each agency 1s also permitted
to carry out their individual statutory require-
ments. The concept has been fully tested in a
full-field exercise held in Florida at the
St. Lucie reactor in the spring of 1984. A
second full-field exercise is planned for the
summer of 1987. The resources described above
continually support the DOE in several major
emergency programs and, in these other roles,
carry out a dozen or more exercises per year in
addition to actual responses to more limited
emergencies.
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Exercising the Federal Radiological Emergency Response Plan"
Kathy S. Gant, Martha V. Adler, and William F. Wolff

ABSTRACT Multi-agency exercises were an impor-
tant part of the development of the Federal
Radiological Emergency Response Plan. This paper
concentrates on two of these exercises, the
Federal Field Exercise in March 1984 and the
Relocation Tabletop Exercise in December 1985.
The Federal Field Exercise demonstrated the
viability and usefulness of the draft plan;
lessons learned from the exercise were incorpor-
ated into the published plan. Tht Relocation
Tabletop Exercise examined the federal response
in the post-emergency phase. This exercise
highlighted the change over time in the roles of
some agencies and suggested response procedures
that should be developed or revised.

I. INTRODUCTION

The Federal Radiological Emergency Response
Plan (FRERP) was developed to define the roles of
various federal agencies when assisting a state
during a radiological incident and to ensure the
coordination of the federal assistance. The
FRERP was first published in the Federal Register
as an interim, but operational, plan on September
12, 1984 (FEMA, 1984). It was republished in a
slightly revised form on November 8, 1985 {FEMA,
1985), aftar concurrence by all the participating
agencies. The plan has been tested in exercises,
so that needed changes could be identified. This
paper will concentrate on two of those exercises,
the Federal Field Exercise in March 1984 and the
Relocation Tabletop Exercise in December 1985.

A basic understanding of the FRERP requires
some brief identification of the major federal
participants and their roles. One is the
Cognizant Federal Agency (CFA), the agency that
owns, licenses, or regulates the material or
facility involved in the accident. The CFA has
the primary responsibility for the events at the
site of the accident and makes federal recommen-
dations to the state regarding protective

aBased on work performed at the Oak Ridge
National Laboratory, operated for the U.S.
Department of Energy under Contract No. DE-ACO5-
840R21400 with Martin Marietta Energy Systems,
Inc.

actions or reentry In some cases, there will be
no CFA, or a state regulatory agency will have
onsite responsibility. For an accident involving
a commercial power reactor, the Nuclear Regula-
tory Commission (NRC) will be the CFA.

The Federal Emergency Management Agency
(FEMA) coordinates all nonradiological assistance
to the state. FEMA plans call for establishing a
Federal Response Center (FRC) near or colocated
with the state response center, so that the
federal agencies and their state counterparts can
work together. FEMA also assists the CFA in
presenting federal recommendations and, along
with the CFA, has responsibilities in the
coordination of public information and Congres-
sional and White House liaison.

The radiological monitoring and assessment
assistance is initially coordinated by the
Department of Energy (DOE) under the portion of
the FRERP called the Federal Radiological
Monitoring and Assessment Plan. DOE may set up a
Federal Radiological Monitoring and Assessment
Center (FRMAC) from which the state and partici-
pating federal agencies can coordinate their data
collection and analysis. The radiological
assistance portion of the plan may be implemented
separately to provide federal radiological
monitoring and assessment assistance in less
severe incidents. After the emergency phase of
the response ends, the Environmental Protection
Agency will assume the coordination of any needed
federal monitoring assistance.

The other federal agencies will carry out
any statutory responsibilities, as well as
contributing their resources to provide radiolog-
ical assistance or other assistance to the state
through the FRC or FRMAC.

Exercises were an important ingredient in
the development of the federal plan. In October
1982, at the time when the interagency Subcommit-
tee on Federal Response was still working on the
planning guidance for the FRERP, member agencies
of the Subcommittee held a command post exercise
to clarify the notification and communication
requirements which would have to be articulated
in the FRERP. The differing ways that agencies
interpreted the planning guidance became apparent
in this exercise, but it offered the opportunity
to deal with the differences systematically by
clarifying them as the plan development pro-
ceeded.
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II. THE FEDERAL FIELD EXERCISE

The first major exercise of the FRERP was
held March 6-8, 1984, at the St. Lucie Nuclear
Power Plant on the eastern coast of Florida.
Approximately 1000 people from Florida Power and
Light Company, the state of Florida, Martin and
St. lucie counties, volunteer groups, and
representatives from 11 federal agencies and
their contractors participated in the exercise.
The goal of the exercise was to test the FRERP,
which had been published in the Federal Register
in final draft form, in terms of the interfaces
between different agencies, the usefulness of the
assistance to the state, and the adequacy and
compatibility of the agency plans.

Two preliminary drills preceded the actual
exercise. A limited number of participants from
ali the participating agencies took part in a
tabletop exercise on December 1-2, 1983, at the
utility's Emergency Operating Facility. This
drill tested some of the notification procedures,
information flow, and agency interfaces using a
simple scenario. The second preliminary drill,
called the "Dry Run", was held January 24-25,
1984, using the emergency facilities that would
be used in the exercise. Communications and
facilities were evaluated with a second simple
scenario; the control and evaluation procedures
for the actual exercise were also tested.

The first day of the three-day March field
exercise was the plant's annual compliance
exercise. A weli-deve'oped scenario described a
large release of radioactive material which went
outside the plant boundaries. The state notified
the appropriate federal agencies and requested
federal assistance; the responding agencies
simulated their arrival and began setting up
operations so that full federal play began by the
second day. The second day tested the federal
agencies' abilities to communicate and work
together to meet the needs of the state and local
governments. On the third day, the scenario
shifted to the fifth day after the accident and
the emergency phase of the response began to
scale down.

All ftdtral equipment and personnel were
prcpositioned for the exercise to reduce costs. '
The FRC was established in trailers adjacent to
the state's Field Emergency Operating Center.
DOE established the FRMAC in a hanger at the
Stuart, Florida, airport, and the state moved its
radiological monitoring activities to that
location. The onsite response was directed from
the utility's Emergency Operating Facility; a
Joint Information Center (JIC) was located in the
same building.

The Federal Field Exercise demonstrated that
the FRERP was an operable plan that could be
implemented. Some of the necessary interactions
among the federal agencies and between the
federal agencies and the state were tested for
the first time. The exercise play showed the
importance of preplanning and developing good
working relationships with counterparts in other
agencies before an emergency occurs. Minor
problems, such as the need for all federal
agencies involved in monitoring to be present in
the FRMAC and clarification of the data flow,

were then addressed in the plan before it was
published.

III. RELOCATION TABLETOP EXERCISE

As with most emergency response plans, the
FRERP is most specific with regard to the
emergency phase. While the plan was designed to
extend beyond the initial response period, the
mechanisms for communication and coordination
described in the plan had never been tested
during an extended response. Tha Relocation
Tabletop Exercise provided tne first detailed
exercise experience with the FRERP in the period
beginning several days after an accident.

The Relocation Tabletop Exercise was con-
ducted on December 9-11, 1985, at the National
Emergency Training Center in Emmitsburg,
Maryland, in conjunction with the Commonwealth of
Pennsylvania and Duquesne Light Company.
Duquesne Light operates the Beaver Valley Power
Station, the site of the simulated accident.
Representatives of the Pennsylvania Emergency
Management Agency, the Pennsylvania Bureau of
Radiation Protection, Beaver County Emergency
Management Agency, Duquesne Light, the American
Red Cross, the Institute for Nuclear Power
Operations, and American Nuclear Insurers joined
the federal players from 13 agencies for the
exercise.

The Relocation Tabletop Exercise differed
from the St. Lucie exercise in many ways. It was
conducted as a tabletop not a field exercise and
dealt with the return-relocation phase following
a large power reactor accident, a sensitive time
for which the FRERP guidance is less specific.
There were no media, no visitors, and few
observers. Although Duquesne Light Company
actively participated in the exercise, it was not
part of any required emergency activity. One
workshop, to discuss the types of issues that
would arise during the exercise, preceded the
actual event.

The exercise scenario had postulated a
substantial release of radioactive materials from
a fuel handling accident at the Beaver Valley
Power Station in Sh1pp1ngport, Pennsylvania,
leaving radioactive materials deposited over part
of the surrounding area. The exercise assumed
that over 100,000 people would have been evacu-
ated (according to the Pennsylvania plan) and
that federal assistance would have been re-
quested. When play began, postulated to be the
fourth day after the simulated release, the plant
was stable, and no further releases of radio-
active material were anticipated. It was assumed
that there was increasing economic and political
pressure to allow the evacuated people back into
the area.

Instead of playing under one long scenario,
the general scenario was divided into a series of
nine miniscenarios, each of which focused on a
single problem. The players worked from tables
which represented operations centers or centers
for federal assistance that would have been
established under the FRERP. The staffs at
different tables consulted with each other as
necessary. At the end of each miniscenario,
there were general discussion of the issue and a
report from each facility.
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The "no-fault" exercise was intended to
identify issues and problems which needed
consideration or procedures which might need to
be developed for this postaccident phase. An
important exercise goal was to document any
changes that might take place in the federal
roles and determine whether these changes were
adequately covered in the federal plan. The
Environmental Protection Agency (EPA) used the
exercise to see whether the concepts described in
the Relocation Protective Action Guidelines
(PAGs) being developed (EPA, 1985a; EPA, 1985b)
for making relocation decisions could be applied.

While most of the evaluators found no need
for major revisions to the FRERP itself (FEMA,
1986), several situations arose which indicated a
need for more study and possibly for the develop-
ment of additional procedures for use in the
later stages of a response.

For example, after a serious accident at a
nuclear power plant, and when the plant is stable
and onsite recovery is underway, the Nuclear
Regulatory Commisssion will want to focus its
efforts onsite. Some of the responsibilities it
holds under the FRERP as the CFA may be less
appropriate or less in its areas of interest and
expertise. For example, the NRC does not have
expertise related to environmental questions and
therefore does not feel comfortable coordinating
the technical aspects of this phase. The
exercise was unclear as to what effect this
change in focus would have on the CFA's responsi-
bilities.

The FRC, the coordinating facility for the
nonradiological federal assistance, did n"t have
as much play as expected during the exercise.
This may have been a result of the exercise
structure, where problems were handle i one at a
time, resulting in little strain on the state
resources. The lack of full representation by
the appropriate state agencies may have also
contributed to the reduced FRC participation.
The question of how the FRC role may change as
the response moves into the recovery phase was
therefore not fully explored.

The exercise showed that the technical
radiological assistance provided by the federal
government was needed by the Commonwealth of
Pennsylvania Leyond the emergency phase of the
response. The activities of the FRMAC in this
regard were praised by most participants.

EPA's draft Relocation PAGs (EPA, 1985a;
EPA, 1985b) contributed to making decisions about
how people would be allowed to return to their
homes. The Commonwealth of Pennsylvania,
however, chose to select a lower projected one-
year dose than the lower bound of the guidelines
as the criterion for immediate return. More
measurements and study would take place before
other areas where projected doses from the
radiation levels were approaching the projected
doses of the PAGs would be opened for return.
EPA considered the Commonwealth's approach and
incorporated it into the draft Relocation PAGs
(EPA, 1986a; EPA, 1986b; EPA, 1935c) that were
released for public comment.

One problem ic<jntified in the exercise is
how federal agencies, such as EPA, the Department
of Agriculture, or the Food and Drug Administra-
tion, should go about fulfilling any statutory

responsibilities when they are also participating
in the FRC or the FRMAC. Procedures need to be
developed ',o that agency recommendations to the
state can be made as required without appearing
to conflict with or to bypass the communication
paths outlined for the CFA, FRMAC, or FRC in the
federal plan.

Play at the Joint Information Center (JIC)
was added late in the exercise planning. No
public information representative was involved in
the planning. Consequently, the JIC activities
were not closely integrated into the exercise,
limiting the usefulness of any observations. The
Commonwealth's plan calls for public information
activities to be located in several different
places. Although colocation of the JIC staff is
desirable, ways of coordinating the release of
information, when all those with the authority to
approve the release cannot be colocated, should
be explored.

Detailed advanced planning is probably not
appropriate for the postemergency response phase.
Each accident will be based on a unique set of
initial response plans as well as present
different problems, necessitating tailored
solutions. The principles of the i-RERP can still
guide the extended federal response, but it is
useful to think ahead about how the response
might function and what kinds of problems could
arise. The Relocation Tabletop Exercise was
successful in beginning this process. During the
coming months, the interagency planning group
will be discussing some of the problems identi-
fied in the exercise.

IV. CONCLUSION

The FRERP was never intended to be a static
document, additional changes will probably M
made as the participating agencies get more
experience in responding under the Plan. In this
regard, it is important for the federal agencies
to be involved in state emergency preparedness
exercises whenever possible and for the states to
include provisions for federal assistance in
their plans.

The FRERP is a generic plan, applicable to
all sorts of radiological emergencies. The major
exercises of the FRERP in the past have involved
scenarios dealing with power reactor accidents.
Another major field exercise of the FRERP is to
be held in 1987, in conjunction with a power
reactor exercise. Exercises involving other
types of accidents, different agencies as the
CFA, and more complicated situations where there
may not be a designated CFA will help individual
agencies see how their plans must be adapted to
their changing roles in the response. Also, such
exercises will help to produce a workable,
generic federal response plan.
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ANS Topical Mating on Radiological Accidents—
Perspectives and Emergency Planning

Emergency Response to Transportation Accidents

Cheryl Sakenas

ABSTRACT - The Nuclear Regulatory Commission
(NRC) has issued a policy statement regarding
its role in transportation accidents involving
the release of radiation. Each State has the
primary responsibility for protecting the
health and safety of its citizens. States
have chartered certain agencies with the
responsibility of responding to radiological
emergencies.

When informed of a transportation acci-
dent, the NRC will notify the designated State
agency to ensure that they have been informed
of the incident and will offer NRC assistance.
The NRC also will notify the U. S. Department
of Energy (DOE), the U. S. Department of
Transportation (DOT) and any other affected
agency to ensure a coordinated Federal
response.

Under an existing NRC/0OT Memorandum of
Understanding, NRC is responsible for investi-
gating any accidents involving packages
regulated by the NRC. NRC staff may be
dispatched to an accident scene involving
packages not regulated by NRC whenever signif-
icant aipounts of radioactive material were or
might be released and NRC activities will
generally be limited to information collection
unless assistance is requested. DOE would be
available to assist State and local responders
in monitoring and decontamination of affected
areas. In an accident in which Federal
assistance was being provided to the State,
portions of the Federal Radiological Emergency
Response Plan would be activated to coordinate
the provision of that assistance. An example
of recent experience in responding to a
transportation event will be discussed.

On March 23, 1984 the Nuclear Regulatory
Commission issued a policy statement regarding
the agency's role in the response to transpor-
tation accidents involving radioactive
materi\\. This was published in the
Fedei , Register on March 29, 1984 at 49 FR
12335. The purpose of the policy statement

is to state clearly the extent of the NRC's
participation and involvement in responding to
a transportation accident or incident. NRC's
role and responsibilities for responding to
any potentially threatening incident involving
NRC-1icensed activities are delineated in the
NRC Incident Response Plan, NUREG-0728,
Rev. 1, April 1983.

The response to transportation accidents
is less predictable than the emergency re-
sponse to radiological accidents at licensed
sites because of the uncertainties surrounding
(1) the location where the accident occurs,
(2) the diversity of authority of those who
will be responding, and (3) the likely limited
radiation knowledge of the first-on-scene
responders (who are usually local officials).
Each State has the primary responsibility for
protecting the health and safety of its
citizens from public hazards.

The Commission views the States as
appropriately having the lead in the overall
direction of response to transportation
accidents. In the United States, we experi-
ence approximately 10-20 transpr-tatinn
accidents per year involving radioactve
materials. These are routinely handled by a
State-designated agency.

Most carriers of shipments of
materials licensed by NRC are exempt from NRC
regulations while in transit and come under
the regulatory authority of the U. S. Depart-
ment of Transportation (DOT). The DOT oper-
ates a National Response Center which serves
to relay information to State and Federal
agencies concerning transportation incidents
involving hazardous materials. DOT regula-
tions require a carrier, to promptly notify
the National Response Center after an incident
occurs in which, fire, breakage, spillage, or
suspected radioactive contamination occurs.
Each notification of a transportation incident
of any kind is relayed by the National Re-
sponse Center to the Regional Office of the
Environmental Protection Agency (EPA) for
incidents on land or to the U. S. Coast Guard
Captain of the Port for incidents in navigable
waters. When a reported incident is known to
involve radioactive material, notification
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also is made to the Regional Coordinating
Office for Radiological Assistance of the U.
S. Department of Energy (DOE) and to the NRC
Operations Center. The NRC also may become
aware of a transportation incident through
other channels, such as the shipper, the
carrier, or the police or highway patrol.

When informed of a transportation acci-
dent, the NRC will inform the agency designat-
ed by the State as soon as practicable to
ensure that the State agency has been informed
of the incident. The NRC will offer technical
assistance in the form of information, advice,
and evaluations. The NRC also will ensure
that DOE, DOT, and other affected agencies,
including the Federal Emergency Management
Agency, are mad" aware of the incident.

Under an existing NRC/DOT Memorandum of
Understanding, NRC is responsible for investi-
gating all accidents, incidents, and instances
of actual or suspected leakage involving
packages of radioactive material regulated by
the NRC. Accordingly, NRC inspectors will
normally be dispatched to the accident scene
whenever a report is received that such
packages (i.e., Type B containers) were
involved in a significant accident that could
have released or threatens to release radioac-
tive materials. To maintain awareness so that
meaningful technical assistance may be provid-
ed to the State, NRC staff also may be dis-
patched to an accident scene involving
packages not regulated by NRC (i.e., Type A
containers) whenever a significant amount of
radioactive material might be released. The
NRC will provide information on packaging
characteristics in response to any query
regarding NRC-approved packages.

Any NRC personnel at the scene of a
transportation accident will notify the
State/local government on-sctf"? coordinator of
his/her presence and make clear that, unless
NRC assistance is requested by the on-scene
coordinator, NRC activities will be primarily
limited to information collection and assess-
ment. NRC personnel will pass along recommen-
dations to emergency response personnel on
radiological issues only if NRC assistance is
requested by the on-scene coordinator or if
NRC personnel at the scene believe additional
actions are needed to protect emergency
response personnel or members of the public.
NRC's role, however, is not to evaluate State

and local government emergency response
actions. NRC will respond to requests for
information on NRC activities in connection
with the event. Requests for specific infor-
mation on an accident normally will be re-
ferred to the appropriate State agency, or to
the DOE if the situation relates to DOE
activities. This policy relates solely to
radiological concerns. Responding to any
attempt to steal or sabotage a shipment of
nuclear material is a responsibility of the
Federal Bureau of Investigation (FBI) as
delineated in the MRC/FBI Memorandum of
Understanding dated April 27, 1979, and
published in the Federal Register on
December 20, 1979 (44 FR 75535).

A Federal Radiological Emergency Response
Plan (FRERP) has been developed for use in
peacetime radiological emergencies and defines
the authorities and responsibilities of each
Federal agency involved in a significant
emergency response. In most case* Federal
response will not be needed. Sta e and local
governments may request Federal assistance as
needed. In most cases this would involve
field monitoring and cleanup support from DOE
or EPA and technical assistance from NRC. If
contamination of food-stuffs is involved,
assistance may be requested from the Depart-
ments of Health and Human Services and
Agriculture.

Since the FRERP is concerned primarily
with Federal support to State and local
governments beyond the immediate site of the
emergency, State and local governments will
define an area "onsite" at the time of the
accident and manage all actions within that
area. If the accident involves materials
shipped by DOD or DOE, these agencies will
define and control the onsite area. There are
some exceptions to this, depending on the type
of material, i.e., spent fuel, and whether the
involved State was an Agreement State, in
which case the State may define and control
the onsite area.

An example of how the NRC responds to a
transportation event involved the spill of
uranium oxide (yellowcake) following a colli-
sion between the tractor trailer carrying the
material and a train on August 27, 1985 in
Wells County, North Dakota. Of the 53 drums
containing the material, 30 ruptured, contami-
nating a 5000-square foot area, including a
2-mile stretch of highway which was isolated
by the responders.

The first responders, local fire depart-
ment, State and local law enforcement, and
Iccal rescue team were backed up by the State
Hazardous Materials Emergency Response Team
which included State Health Department and
Radiation Control Program personnel. The day
after the accident the State requested NRC
assistance in the cleanup and recovery ef-
forts. The Region IV office responded by
sending three health physics inspectors to the
accident scene to assist the State by provid-
ing recommendations on decontamination and
recovery of the area. The mining company also
dispatched a team to take care of the cleanup.
Oak Ridge National Laboratory performed
bioassay analysis on contaminated response
team members. The site was returned to normal
in 15 days.
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New Source Terms and the Implications for Emergency Planning
Requirements at Nuclear Power Plants in the United States

Geoffrey D. Kaiser and Michael C. Cheok

ABSTRACT This paper begins with a brief re-
view of current approaches to source term
driven changes to NRC emergency planning re-
quirements and addresses significant differ-
ences between them. Approaches by IDCOR and
EPRI, industry submlttals to NRG and alterna-
tive risk-based evaluations have been con-
sidered. Important issues are discussed, svch
as the role of Protective Action Guides in
determining the radius of the emergency plan-
ning zone (EPZ). The significance of current
trends towards the prediction of longer warn-
ing times and longer durations of release in
new source terms is assessed. These trends
may help to relax the current notification
time requirements. Finally, the implications
of apparent support in the regulations for a
threshold in warning tiae beyond which ad hoc
protective measures are adequate is discussed.

1. INTRODUCTION

In 10CFR50.47, the Nuclear Regulatory
Commission (NRC) requires that no operating
license will be issued for a nuclear power
station unless the NRC finds that there is
reasonable assurance that adequate protective
measures can be and will be taken in the event
of a radiological emergency. Thus, utilities
are required to develop an emergency plan for
each nuclear power plant. Generally, the zone
within which emergency plans must be developed
for prompt protective measures against expo-
sure to the pluae (known as the plume exposure
emergency planning zone (EPZ)) consists of an
area with a radius of about 10 miles.

The reasons why 10 miles was chosen for
the radius of the EPZ are given in NUREG -
0396 (USNRC, 1978) and are summarized as fol-
lows in NUREG - 0654 (USNRC, 1980).

1. Projected doses from the traditional
design basis accidents would not ex-
ceed Protective Action Guide (PAG)a

levels outside the zone.

2. Projected doses from most core-melt
accident sequences would not exceed
Protective Action Guide levels out-
side the zone.

3- For the worst core-melt sequences,
immediate life threatening doses
would generally not occur outside the
zone.

4, Detailed planning within the EPZ
would provide a substantial base for
the expansion of response efforts in
the event -that this proved necessary.

As is explained in NUREG-0396, the second
and third criteria were applied within a risk-
based framework that relied upon the Proba-
bilistic Risk Assessment that was done in
WASH-1400 (USNRC, 1975), including the fre-
quencies of accident sequences and th* corres-
ponding characteristics of the fission product
source terms. The WASH-1400 fission product
source terms were input into the CRAC (Cal-
culation of Reactor Accident Consequences)

aThe PAGs were defined by the U.S. Environ-
mental Protection Agency (US EPA 1980) and are
expressed as a range: 1-5 rera for whole body
exposure and 5-25 rem for thyroid exposure of
the general public. The lower value should be
used If there are no major local difficulties
or risks that would arise In carrying out pro-
tective actions at that level. In no case
should the higher bound be exceeded in deter-
mining the need for protective action. Refer-
ence (USEPA, 1975) states that these recom-
mendations are for use by Federal and State
agencies in their emergency planning activi-
ties. It also states that the PAGs are spe-
cifically directed towards protective actions
by civil authorities in the event of inad-
vertent releases of radioactive material from
fixed nuclear facilities. Thus, the PAGs are
envisaged for use in both emergency planning
and response. j^
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code, which was the consequence modeling code
developed for WASH-1400, and "Dose vs Dis-
tance" curves were calculated as shown on Fig-
ure 1. These curves give the probability of
exceeding a given whole body dose as a func-
tion of distance, conditional on the occur-
rence of core-melt.

OiII*UCt IMUISJ

Briefly, criterion 2 may be roughly translated
into the quantitative equivalent that the
probability of exceeding the PAGs at 10 miles
is no more than about 0.3 for "most core-melt
sequences." The 200 rera curve on Figure 1 is
dominated by the "worst core-melr. sequence"
and shows a pronounced knee at about 10
miles. Since 200 rem is roughly the threshold
for early fatalities (see the PRA Procedures
Guide (USNRC, 1983)), the 200 rem curve in
Figure 1 is the approximate quantitative
expression of the third criterion.

In summary, the original reasons for the
choice of a radius of 10 miles for the EPZ
contained the following important elements.

1. Risk-based calculations of the con-
sequences of core-melt accidents,
including consideration of both the
"worst case" accident and the conse-
quences of all core-melt accidents.

2. Source terms with characteristics
that were determined using the '*«. ̂
methods of WASH-1400.

3. The EPA's Protective Action Guides.

4. A criterion that addressed the con-
sequences of design basis accidents.

5. A criterion that addressed the need
for flexibility of response.

II. NEW SOURCE TERMS AND THE EPZ

Recent work on fission product source
terms has shown that, in several cases, the
magnitude of the source term is considerably
smaller than was thought to be the case at the
time that WASH-1400 was written (APS, 1985),
although this statement cannot be shown to be
true for all source terms in all reactors and
the NRC has stated that generalizations are
inappropriate (USNRC, 1986). However, many
have found recent progress to be so premising
that they have already addressed the question
of what the implications of the new source
term results are for emergency planning.

The Baltimore Gas and Electric Company
has submitted a request to the NRC for an ex-
emption from the requirement that the EPZ
should have a radius of 10 miles (Montgomery,
1986). Using a Calvert Cliffs-specific source
term for Event V, the interfacing systems
LOCA, which is the worst case source term for
this particular PWR, BG&E essentially used
criterion 3 of the four from NUREG-0654 to
show that a radius of no more than 2 miles is
needed ror the EPZ. They reinforce this con-
clusion by showing that the Calvert Cliffs DBA
does not lead to doses exceeding the PAGs at
,this distance. However, they do not address
'the question of whether most core melt acci-
dents lead to the PAGs being exceeded at 2
miles, or whether planning inside 2 miles
allows sufficient flexibility to expand beyond
that distance if need be.

The Electric Power Research Institute
and its contractor, NUS Corporation, (EPRI,
1986) have undertaken an exercise to see what
can be concluded if the new Industry Degraded
Core Rulenaking Program (IDCOR, 1984) source
terms are used within the framework prescribed
by NUREG-0396 and NUREG-0654. Using criterion
2 (most core-melt sequences and the PAGs) and
criterion 3 (worse case core-melt sequences
and life-threatening doses) EPRI has shown
that the radius of the EPZ for the four IDCOR
reference plants (Zlon, Sequoyah, Peach Bottom
and Grand Gulf) need be no more than 3 miles.
The criterion relating "most" core melt
sequenrjs to the PAGs at the EPZ boundary is
by fcr the most restrictive and this is sig-
nificant, as will be discussed later in this
paptsr. EPRI did not discuss the influence of
DBAs on the radius of the EPZ. This is rea-
sonable, because the current DBA source term
is recognized to be conservative and is being
revised using the NRC's modern sourc? tern
code package (USKRC, 1986a; 1986b). Finally,
EPRI did not address the flexibility question
except to say that, with the IDCOR source
terms, the probability that there will be a
need to expand prompt emergency response
beyond 10 miles, or even as far as 10 miles,
is very small.

IDCOR itself has undertaken to devise a
new framework for the definition of the radius
of the EPZ (IDCOR, 1986). Briefly, IDCOR de-
fines "Limit tines" on a plot of frequency vs
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mean individual whole body dose. These limit
lines correspond to an individual risk cf
early fatality of lO"? per year in the region
of the line in «hich the whole body dose ex-
ceeds 200 rent and an individual risk of latent
cancer fatality of 10~^ per year in the region
of the line in which the whole body dose is
less than 200 rera. Using the IDCOR source
terras and also the NRC source terms calculated
with r.he NRC's Source Term Code Package, IDCOR
shows that the EPZ need have a radius of only
2 miles. IDCOR's work is therefore risk-based
and relies on new source terms. However, the
PAGs play no role in defining the radius of
the EPZ and the flexibility criterion is not
addressed. The DBA also plays no role.

The owners of the Seabrook plant have
also carried out extensive work on EPZ reduc-
tion and have been engaged in discussion with
the NRC. At the time of writing, no published
work was available. However, the authors
understand that the work involved extensive
new analysis of the source terms for risk dom-
inant accident sequences and that the approach
adhered fairly closely to that of NUREG-0396
and NUREG-0654.

Finally, other authors have considered
the question of the relationship between the
size of the EPZ and the characteristics of the
source terms. There is not enough space to
review these in detail here. However, Kaiser
(1986) has looked at the relationship between
the radius within which evacuation is neces-
sary to avoid life-threatening or injury-
threatening radiation doses and the source
term magnitude and has concluded that, if the
largest average volatile fission product re-
lease fraction is less than about ten percent,
a 2 mile EPZ would be sufficient to prevent
such doses. Sofer (1985) has discussed the
concept of the "graded approach" in which the
radius of the EPZ is not reduced but in which
planning for prompt evacuation is confined to
the first two miles. He shows that the graded
approach can be justified even without new
source terms.

III. ROLE OF THE PAGS

In the approaches adopted above, the
authors all retain a risk-based approach and
they all use new source terms. Not everyone
uses a DBA-based criterion, but there seems to
be a general consensus that this is not a
serious problem because the DBAs are to be re-
vised and will look like severe core damage
sequences in the category of "most core-melt
accident sequences" anyway. The flexibility
criterion is universally Ignored or played
down, and may deserve more attention than It
has received hitherto. However, the most
significant difference between the approaches
is the attitude towards the use of the PAGs.

Essentially, there are two approaches to
the use of the PAGs in defining the radius of
the EPZ. One Is to abandon the second of the
NUREG-0654 criteria and not to consider at all
whether "most" core-melt accidents exceed the
PAGs at the boundary of the EPZ. In the

authors' view, this approach is highly desir-
able. For example, the 5 rem PAP corresponds
to a probability of about one In a thousand
that the affected individual would develop
cancer over the remainder of his/her life-
time. From Figure 1, the probability of oc-
currence of the 5 rem PAG at the 10 mile
boundary of the EPZ is about 0.3. The WASH-
1400 core-melt frequency is about 5 x 10"^ per
year. A further factor of 0.1 can be applied
to allow for the probability that the wind
will blow towards a particular individual.
Multiplying all of these factors together,
emergency planning is being driven by an
individual risk of not more than one in a
billion per year. This is six to seven orders
of magnitude below the normally occurring
individual risk of latent cancer fatality.

However, while technical arguments can
certainly show that the risk associated with
the PAGs is small, there is no certainty at
the present time that any scheme that is ulti-
mately introduced to justify a reduction of
the radius of the EPZ - if, indeed, any such
scheme is introduced at all in the forseeable
future - will be able to avoid the incorpora-
tion of the PAGs. Doubtless, Federal Agencies
other than the NRC will be consulted, and the
opinions of a host of State and local authori-
ties will have to be taken into account, and
there is no predicting what consensus may
emerge from these discussions.

If the PAGs cannot be excluded in the
context of the impact of "most" core melt
accidents, what then? The immediate diffi-
culty is that, if the second criterion of
NUREG-0654 is applied to a source term con-
sisting entirely of noble gases, there may
still be a probability of greater than 30 per-
cent of exceeding the 1 rem PAG at 10 miles.
In other words, even if all source terms are
so small that the noble gases dominate the
offsite doses, the second criterion of NUREG-
0654 may still be very restrictive and may
make it difficult to show that the radius
of the EPZ can be reduced to as little as
2 miles. This point Is discussd further
below.

The next sections of this paper will de-
velop a chain of reasoning that will show that
there is a way of removing this restrictive
result without diminishing the importance that
the PAGs play in the underlying rationale for
determining the radius of the EPZ. The foun-
dation stone of the argument is the concept,
which was not developed in NUREG-0396 or
NUREG-0654, that there is a warning time be-
yond which ad hoc protective measures are suf-
ficient uo protect the health of the public.
As is shown below, there Is support for this
concept in the regulations.

IV. REGULATIONS AND AD HOC EVACUATION

In the discussions of the final rule on
emergency planning and preparedness in the
Federal Register of July 13, 1982, the NRC has
a section devoted to the risks associated with
low power operation, "here It states: 'Tor
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issuance of operating licenses authorizing
only fuel loading and low power operation (up
to 5% of rated power), no NRC or Federal Emer-
gency Management Agency (FEMA) review and
derennlnetlons concerning the state of ade-
quacy of sito emergency preparedness shall be
necessary" because: "The risks of operating a
power reactor at low power are significantly
lower than the risks of operating at full
power" and "Even for a worst-case, low likeli-
hood sequence which could eventually result in
the release of fission products accumulated at
low power into the containment, the additional
tim-2 available (at least ten hours (authors'
italics)) would allow adequate precautionary
actions to be taken to protect the public near
the site."

Thus, this chain of reasoning lends sup-
port to the concept that there is some thres-
hold in time beyond which ad hoc emergency
response is adequate. In NUREG-0396, however,
thu doses which are the basis for Figure 1

were calculated by assuming that people con-
tinue their normal activities for 24 hours
after the passage of the plume, no matter how
long the warning time and or the duration of
the release. It would be logical to calculate
Figure 1 on the basis of doses accumulated
only up to the time beyond which ad hoc re-
sponse is deemed to be adequate, since the
purpose of Figure 1 is to give guidance on
what kind of planned emergency response might
be required.

This concept of a threshold in time be-
yond which ad hoc response is adequate has
relevance to the results of new source term
research, see Table 1, which compares the
warning times and durations of release derived
for the IDCOR reference plants with those from
WASH-1400. Briefly, most of the IDCOR warning
times exceed those of WASH-1400, and all of
the IDCOR durations of release exceed those of
WASH-1400.

Peach Bottom

TW
TC(V)a

TC(NV)a

S ^
TOVW

Grand Gulf

TjQUV
AE
T23QW
T23C

Sequoyah

TMLB'
S2HF(DO)

b

SiHF(D0,IC)c

Zlon

TMLB1

TMLB'(IC)C

V

IDC

Warr.< ng
Time

10
12
4
21
10

46
57
10
1.5

26
8.5
23
0.5
17

30
1.5
23

OR"
Duration

of
Release

80
50
50
30
30

10
10
80
50

4
6
6
5
4

13
7
4

WASH-1400

Warning
Time

2
2
2
2

2
2
-
2

1
2
2
2
1

1
2
1

Duration
of

Release

3
3
3
3
**

3
3
_
3

0.5
1.5
1.5
3
0.5

0.5
3
0.5

aFailure to shut down with venting in the wetwell airspace (V) or without
venting (NV)

^DO - Drains open; DC - drains closed
CIC - Ibipaired containment
dSee IDCOR Summary Report (IDCOR, 1984) for definition of symbols T, W,
etc. The sequences listed above are those used to calculate the conse-
quence analysis results in the above reference. The failure is by gross
rupture of the containment unless otherwise stated.

TABLE 1
SOMUKY <F NAMING Tims AND DOTATIONS <F KLEASE (Hr)
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Figure 2 was derived with a source term
that consisted principally of the noble
gases. The warning time was 1 hour and the
duration of release was also 1 hour, and the
doses on which Figure 2 was based were accumu-
lated up to 24 hours after cloud passage as in
NUREG-0396. As can be seen, there Is a chance
of C.8 that the 1 rem PAG will be exceeded at
10 miles „ This highly conservative case - a
release consisting mainly of noble gases would
be expected to have a longer warning time and
duration - Illustrates the point that was
noted above, that criterion 2 of tTOREG-0654
may still be restrictive even with small
source terms.

Figures 3A and 3B show how Figure 2
changes if warning times and durations of
release are longer (3A) and if doses are only
accumulated up to a threshold time of either
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24 hours or 10 hour9 (3B). By a logical chain
of reasoning, which is not reproduced in de-
tail here, it can be shown that (i) if most
core-melt sequences for a particular reactor
are small (i.e. noble gases dominate the off-
site doses); (ii) the warning times and/or the
durations of release are long; and (ill) there
is a threshold In time (say 10 hours) beyond
which ad hoc emergency response is adequate,
then the requirement that "most" oore-melt
sequences should not exceed the PAGs at the
boundary of the EPZ is no longer the most re-
strictive. Thus even though the importance of
the PAGs in the underlying philosophy would
not be diminished, the PAGs would no longer
drive the radius of the GPZ as seems to be the
case at present.

V. NOTIFICATION TIME REQUIREMENTS

In the discussion above, it appears to be
possible to make some constructive suggestions
relating to the impact of the PAGs on the
radius of the EPZ by focusing not only on the
magnitude of the new source terms, but alBO on
the new timing characteristics. As shown
below, this focus on timing may also have a
positive impact on the notification time
requirements.

The notification time requirement stems
originally from NUREG-0396 and NUREG-0654 and
is clarified in FEMA 43 (FEMA, 1983). The
alert and notification system should be
capable of notifying the public within the
plume exposure EPZ within 15 minutes of a
decision having been taken to implement a
protective action.

The combination of longer warning times,
longer durations of release and generally
reduced release magnitudes have significant
implications regarding the process of making
a decision about the most suitable protective
actions and the subsequent need to notify
the public within 15 minutes. The discus-
sions leading to a decision will, for most
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sequences, be made without the pressure that
arises from the expectation that a matter of
minutes can make an important difference to
the health and safety of the public. For the
same reason, it is not likely to be crucial to
be able to notify the public within 15 min-
utes. Thus, the IDCOR results from the Tech-
nical Summary Report illustrate a trend in the
timings associated with the results of new
source term research which, if confirmed, sug-
gest that, even for severe core melt acci-
dents, the current 15 minute notification
requirement may not be needed in order to
implement effective emergency actions.
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Coordination Between NRC and FEMA: Emergency
Preparedness Issues of Current Interest
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ABSTRACT The framework for cooperation between
the Nuclear Regulatory Commission (NRC) and the
Federal Emergency Management Agency (FEMA) is
formally defined in an April 18, 1985 Memorandum
of Understanding. Basically, FEMA coordinates
all Federal planning for the offsite impact of
radiological emergencies and takes the lead for
resolving offsite emergency preparedness issues
and NRC does the same for onsite emergency pre-
paredness. This paper describes the efforts of
both agencies to coordinate offsite and onsite
emergency preparedness issues through the
NRC/FEMA Steering Committee on Emergency Pre-
paredness. The current status of several
site-specific and generic emergency preparedness
issues, such as offsite medical services, night-
time emergency notification, fuel cycle facility
emergency planning, consideration of earth-
quakes in emergency planning and ingestion path-
way guidance, will be described.

I. INTRODUCTION

In April 1985 FEMA and NRC entered into a
new Memorandum of Understanding (MOU) relating
to radiological emergency planning ard prepared-
ness. The new MOU preserved the NRC/FEMA Steer-
ing Committee on Emergency Preparedness as the
focal point for coordination of emergency plan-
ning, preparedness, and response between the two
agencies.

The Steering Committee consists of an equal
number of members to represent each agency (usu-
ally 4 members from each agency) with one vote
per agency. There is a provision to escalate
issues that cannot be resolved by the Steering
Committee to NRC and FEMA management, although
this has not been necessary to date. Each
agency designates a co-chair and they appoint
their respective members. The present
co-chairs are Ed Jordan, NRC and Richard Krimm,
FEMA. The Steering Committee maintains a record
of each meeting. A meeting cannot be held with-
out at least the co-chairs or two assigned mem-
bers for each agency.

The NRC members have the lead responsibili-
ty for licensee planning and preparedness and
the FEMA members have the lead responsibility
for offsite planning and preparedness. The
Steering Committee assures coordination of plans
and preparedness evaluations and revises accep-
tance criteria for licensee, State, and 'ocal
radiological emergency planning and preparedness
as necessary. This entails extensive coordina-
tion of site-specific issues. In addition, the
Steering Committee is the principal forum for
coordination and resolution of generic emergency
planning and preparedness issues.

As a practical matter, the Steering Commit-
tee does not take votes. The Steering Committee
operates by consensus. The reason this works is
that each agency has unique technical expertise
in its assigned area of responsibility, i.e.,
NRC onsite and FEMA offsite. The following five
examples of generic issues coordinated by the
Steering Committee all concern offsite matters.
Where these examples use the terms "staff" or
"NRC staff" for convenience, you should read
"NRC staff and FEMA."

II. OFFSiTE MEDICAL SERVICES

In 1980 the Commission promulgated a regu-
lation, 10 CFR 50.47(b)(12), to require that
"arrangements are made for medical ser»ices for
contaminated injured individuals." In i?82 the
Atomic Safety and Licensing Board (ASLB) for San
Onofre found that the term "contaminated in-
jured" encompassed "offsite exposed" persons.
This was overturned by the Atomic Safety and
Licensing Appeal Panel (ASLAP), which found that
"contaminated injured" meant an onsite or emer-
gency worker who was traumatically injured and
also contaminated. At that time the NRC Staff
supported the ASLAP position stating that the
term "contaminated injured" did not encompass
"offsite exposed" persons and that ad JTOC
arrangements facilitated by a list of medical
facilities was sufficient for offsite exposed
persons. In a 1983 policy statement
(CLI-83-10), the Commission stated that planning
standard (b)(12) extended to members of the
general public who may be exposed to dangerous
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levels of radiation and that a list of medical
facilities capable of providing appropriate
treatment was sufficient to meet the standard.
The U.S. Court of Appeals in 1985, after deci-
sion reviewing CLI-83-10, GUARD v. NRC, held
that the Commission did not reasonably interpret
its own planning standard when it said that a
list of existing treatment facilities was suffi-
cient in terms of constituting "arrangements"
within the meaning of the regulation. The Com-
mission asked for the staff's views on whether
the Commission should: (1) reinterpret the
phase "contaminated injured individuals" to
eliminate exposed individuals from the scope of
planning standard (b)(12) or (2) determine what
additional arrangements are necessary for ex-
posed individuals or (3) amend planning standard
(b)(12) to make a list of medical facilities the
sole planning requirement for exposed
individuals.

The staff favored option 2 and proposed
some additional arrangements for individuals
exposed offsite. The Commission approved the
staff recommendation in June 1986, and in July
1986 the Commission adopted a policy statement
that planning standard (b)(12) requires
pre-accident arrangements for medical
services—beyond a list of treatment
facilities--for individuals who might be severe-
ly exposed to dangerous levels of offsite radia-
tion following an accident at a nuclear power
plant. In that statement the Commission gave
the staff some general guidance that satisfacto-
ry arrangements should include: (1) a list of
local or regional medical facilities or other
unique characteristics; (2) a good faith reason-
able effort by licensees or local or State gov-
ernments to facilitate or obtain written
agreements with the listed medical facilities
and transportation providers; (3) provision for
making available necessary training for emergen-
cy response personnel to identify, transport,
and provide emergency first aid to severely
exposed individuals; and (4) a good faith rea-
sonable effort by licensees or State or local
governments to see that appropriate drills and
exercises are conducted to include simulated
severely exposed individuals. The NRC and FEMA
are preparing guidance to licensees and State
and local governments on how to implement the
new Commission policy.

III. NIGHTTIME EMERGENCY NOTIFICATION

The Shearon Harris ASLB wrote the Commis-
sion in November 1985 regarding the Board's
concerns about the possible generic implications
of certain portions of the evidence in the
Shearon Harris record. They were concerned
about the adequacy of nighttime emergency noti-
fication of residents in the plume exposure
emergency planning zones (EPZs) surrounding
nuclear power plants. The siren systems accept-
ed under FEMA criteria were based on daytime
conditions and the Board felt that substantial
ni'n>be*"s o f upZ residents wou'd not be aroused

from sleep should notification be necessary
between midnight and 6:00 a.m., particularly if
bedroom windows were closed. Specifically, the
Board believed there was evidence that in EPZs
where sirens were the primary means of notifica-
tion, such notification would not be "essential-
ly complete" within 15 minutes under some
typical (summer) nighttime conditions. At the
Commission's request, the staff and FEMA re-
sponded to the Board's concerns in December 1985
and again in February 1986. The responses stat-
ed that there are no generic safety problems
involving nighttime emergency notification and
that the FEMA study conducted for the Shearon
Harris case confirms NRC/FEMA their judgment
that siren systems designed and evaluated in
accordance with NUREG-0654/FEMA-REP-l, Rev. 1,
and FEMA-43 meet the NRC requirements for day-
time and nighttime alerting. Specifically, FEMA
found the the Shearon Harris siren system can be
expected to arouse and alert approximately 90%
of the EPZ residents during the hours from 2
a.m. to 6 a.m., the "worst" summer nighttime
hours. This conclusion was based on three major
considerations: (1) the effect of nighttime
activities, so that some percentage of people
are awake, (2) the effect of intrafamily net-
working, and (3) the effect of social,
interfamily networking.

The ASLB issued its decision in the Shearon
Harris case in April 1986 and found that the
alerting system, where sirens are to be supple-
mented by a tone-alert radio in the bedroom of
each residence in the first 5 miles of the
10-mile £PZ, meets the applicable requirements
under summer nighttime conditions. In a May 16,
1986 letter to the Commission, the Board stated
that it would not accept a 90% alerting level
(Shearon Harris) as meeting the Commission's
requirement of "essentially 100%" alerting in
the first 5 miles of an EPZ (NUREG-0654).' Rath-
er, the Board held that "essentially 100%" meant
a notification system capable of alerting great-
er than 95% of the EPZ residents in the first 5
miles and that this required the addition of
tone-aJert radios in the Sbearon Harris case.
In addition to raising this "greater than 95%
alerting within 5 miles" as a generic issue, the
Board raised winter nighttime conditions, with
its greater percentage of windows closed, as a
more limiting case than the summer nighttime
case addressed at Shearon Harris. To illustrate
its point the Board gave data from a 1982 staff
analysis titled "Evaluation of the Prompt Alert-
ing Systems at Four Nuclear Power Stations,"
NUREG/CR-2655, PNL-4426, which projected alert-
ing rates under nighttime conditions. Among
other data cited, was the study prediction that
53% of the residents at Indian Point would be
alerted during a wi )ter night with snow cover.

Two members of the Board, who had heard the
Indian Point Special Proceeding, wrote the Com-
mission in June 1986 that, had they known about
this alerting rate estimate, they would have
recommended that the Commission require a backup
system for prompt alerting, such as tone-alert
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radios. The utility responded to the Commission
in July 1986 stating among other things, that
NUREG-2655 was based an 88-siren system as op-
posed to the present 151-siren system. The two
Board members acknowledged in July 1986 that
this assuaged their major concern about the
adequacy of the siren system at Indian Point,
but that they remained concerned about the ade-
quacy of siren systems on snowy winter nights.
These two Board members also were concerned
because the staff had never notified them about
NUREG/CR-2655.

In August 1986 the Chairman requested the
staff to provide by the end of September 1986 a
point-by-point response to the generic safety
concerns in the May 1986 letter from the Shearon
Harris Licensing Board as well as recommenda-
tions on whether Commission rules or guidance
documents need revision or clarification. Fur-
ther, the Chairman requested that the staff
provide a response to the June and July 1986
letters from members of the Indian Point Licens-
ing Board which raised a related concern regard-
ing the adequacy of alert systems during stormy
winter nights. The staff and FEMA are preparing
a response to the Chairman's request.

IV. FUEL CYCLE FACILITY EMERGENCY PLANNING

The staff issued orders in 1981 to certain
fuel cycle and other materials licensees to
submit radiological contingency plans. Also in
that year, the Commission published an Advance
Notice of Proposed tulemaking (46 FR 29712)
proposing to codify the radiological emergency
requirements set forth in the orders. The staff
reviewed the 18 letters responding to the ad-
vance notice and in 1986 submitted to the Com-
mission proposed amendments that would formally
require emergency plans for certain fuel cycle
and other radioactive material licensees. These
proposed regulations would require about 30
licensees to have emergency plans and would
require about 30 other licensees to either (1)
submit a plan, f.2) submit an evaluation showing
that a significant release is not plausible, or
(3) amend their licenses to reduce their posses-
sion limits. The staff estimates that few of
these latter 30 licensees would submit plans;
about half would submit an evaluation and about
half would reduce their possession limits The
30 licensees that would need an emergency plan
are the same licensees that submitted Radiolog-
ical Contingency Plans under the orders issued
in 1981.

NUREG-1198, "Release of UF, From a Ruptus-ed
Model 48Y Cylinder at Sequoyah Fuels Corporation
Facility; Lessons Learned Report" was published
in June 1986. This report contained many recom-
mendations that are currently being evaluated by
the staff; these recommendations could amplify,
expand, or clarify some of the emergency pre-
paredness requirements listed in the staff pro-
posal to the Commission. Hence, at the
Commission's request, the staff submitted in
July 1986 proposed changes to that would solicit

public comment on certain recommendations in
NUREG-1198.

V. CONSIDERATION OF EARTHQUAKES
IN EMERGENCY PLANNING

Following the San Onofre and Diablo Canyon
proceedings, the Commission ruled in December
1981 that its regulations do not require consid-
eration of the potential complicating effects of
earthquakes on emergency planning. The Commis-
sion asked the staff to initiate a rulemaking to
determine on a generic basis whether the regula-
tions should be changed to require such consid-
eration. In December 1984 the Commission
published a proposed rule that ". . .Emergency
response plans. . .need not consider the impact
on emergency planning of earthquakes which cause
or occur proximate in time with an accidental
release of radioactive material from a facili-
ty " In August 1985 the staff forwarded to
the Commission for approval (SECY-85-283) a
proposed final amendment to the regulations that
would have required "limited consideration" in
emergency planning of the complicating effects
of "severe, low-frequency natural phenomena."
In April 1986, in San Luis Obipspo Mothers for
Peace v. NRC, rehearing en bane, 789F.2d 26
(1986) the U.S. Court of Appeals for the
District of ColumDia affirmed the Commission is
interpretation of its emergency planning rules;
i.e., that the rules do not require consid-
eration of the potential complicating effects
of earthquakes on emergency planning. Although
the Commission disapproved the staff proposed
final amendment in June 1986, the matter is not
resolved at this time.

VI. INGESTION PATHWAY GUIDANCE

Draft FEMA Guidance Memorandum (GM) IN-1,
"The Ingestion Pathway," provides planning con-
siderations that include areas of review and
acceptance criteria for the protection of the
human food chain, including animal feeds and
water, which may become contaminated following a
radioactive release from a commercial nuclear
power plant. The guidance is addressed to State
and local government emergency planners within a
50-mile radius of nuclear power plants, i.e.,
the ingestion exposure emergency planning zone.
The implementation would be one year from the
date of publication of the final (GM) IN-1 as
part of the annual plan update. Principal fea-
tures of the guidance are (1) public education
and information (2) protective response on the
basis of the Food and Drug Administration re-
sponse level for dealing with accidental radio-
active contamination of human food and animal
feed (3) and exercises and drills. Because the
guidance is still in draft, it is not appropri-
ate to provide more detail. FEMA expects to
issue IN-1 in final form later this year.
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VII. CONCLUSION

The NRC/FEMA Steering Committee is an ef-
fective mechanism for coordinating emergency
preparedness issues between the two agencies.
This paper has described some complex generic
issues that have been coordinated between the
two agencies. In addition, there are many
site-specific issues that are addressed by the
Committee.



ANS Topical Meeting on Radiological Accidents-
Perspectives and Emergency Planing

Interactions Between Multiple Organizations Responding to a
Reactor Accident in Switzerland

Martin Baggenstos and Hans-Peter Isaak

ABSTRACT. The poster deals with the problems that
emerge from the distribution of responsibilities
in the case of a nuclear accident. It is de-
monstrated how clear and simple procedures and
good co-ordination between the on-site and
off-site emergency organizations are necessary for
the smooth handling of such a situation. A good
communications network is particularly essential.
The special problem of co-ordination betveen
different organizations performing measurements of
the contaminated air, ground and food is also
discussed. From the experience gained during the
Chernobyl accident, it has been established that
only those organizations, which are correctly
trained and have a perspective over the complete
accident situation, can perfora valuable work. At
the beginning of the accident for example, there
was no organization responsible for taking samples
covering the whole of Switzerland. A first quick
assessment of the radiological situation could
therefore only be made on the basis of
measurements performed in the direct vicinity of
the laboratories or from single samples which had
to be transported over large distances.

I. DISTRIBUTION OF RESPONSIBILITIES BETVEEN
PLANT LICENSEE AND AUTHORITIES

THE

A. General Principles of Responsibility

In the case of an accident in a nuclear
power plant, the emergency organization of the
plant and several off-site authorities are in-
volved. In determining the responsibilities for
the protection of the population, attention must
be payed to the following principles: (1) Who has
the best means for making certain decisions?

(2) How can the decision reach the population in
the fastest way possible, over a minimum number of
authorities? The application of these principles
can lead to a case, where in an accident
situation, certain official authorities are
bypassed. Experience gained from exercises has
shown that this is generally no problem, if such
an arrangement is clearly settled in advance.

B. Distribution of Responsibilities

During the course of an accident, there
are many technical and radiological decisions to
be made. There is a connection between the
technical and radiological measures to be taken in
the plant and the radiological consequences in the
environment. Fig.l shows how the on-site and
off-site responsibilities are distributed anong
the on-site staff, the off-site emergency Manage-
ment and the Nuclear Safety Inspectorate, which
acts as a focal point for the other organizations.
The responsibilities can be summarized as follows:

Responsibility On-site. The general responsi-
bility for the technical and radiological deci-
sions within the plant lie with the emergency
staff of the plant.

Responsibility Off-site. The decisions for
protective measures in the environment are made by
the off-site emergency management (and not by the
plant licensee), because the responsibility for
the protection of the population rests in the
hands of the off-site authorities.

Nuclear Safety Inspectorate. The Safety In-
spectorate is the only authority, which has expert
knowledge of both the technical and radiological
behavior of the plant, as well as knowledge of the
requirements for the protection of the population.
The inspectorate is therefore able to supervise
the on-site actions taken by the plant staff and
to give expert advice to the off-site management
of the accident.
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Problems Responsibility

ON-SITE

OFF-SITE

On-site Staff

Nuclear Safety
Inspectorate

Off-site Emergency
Management

Flg.1 Principte Distribution of On-site and Off-site Responsibility

1. Detection of the Accident. Many
incidents occur in a nuclear pover plant, that do
not necessarily require protective actions in . the
environment. It is hovever possible, that such
accidents may occur which sake protective measures
indispensable. For several reasons, the distinc-
tion between the two cases is not always easy.
(1) A severe nuclear accident nay develop from a
simple failure. (2) The judgement of what is
relevant for the protection of the population
depends somewhat on the point of view of the
on-site and off-site organizations. (3) In certain
cases the population may take independent
protective actions based on their ovn assessment
of the situation (e.g. in the case of an evident
fire in the plant).

The aain problem is how to set the trigger
level for alerting the different emergency organi-
zations. Different solutions are conceivable.
(1) The off-site emergency management is alerted
by the plant staff very early in the count of an
accident. The advantage of this solution is that
the authorities have lots of time to build up
their organization and are ready should they be
needed. The disadvantage is that in the case of an
over-cautious assessment of the on-site situation,
false protective actions could be taken. The
damage may be larger than the benefit of the
action. Furthermore the off-site emergency manage-
ment does not have such detailled technical
knowledge of the plant as the plant staff. (2) The
off-site emergency management is not informed
before serious radiological consequences for the

population become probable. The advantage of this
solution is that the authorities know that
protective measures must be implemented at once.
The disadvantage is that the authorities may have
to react without much time available. The
following solution has been chosen in Switzerland:

Detection of tha Accident. The detection of
an accident and the correct assessment of the
on-site radiological situation lies within the
responsibilities of the plant staff.

Notification of the Safety Authorities. The
Nuclear Safety Inspectorate will always be noti-
fied in the following cases: if the reactor has
been .shut down (scram), if the situation is
optically perceivable by the population (cooling
tower no longer operates or fire in the plant) or
if the accident has technical or radiological im-
plications within the plant.

Notification of the Off-site Emergency
Management. The off-site emergency management will
only be informed, vhen the accident threatens to
develop in such a way that protective measures for
the population become inevitable.

The criteria for alerting the off-site
authorities are chosen in such a way that the
plant operator in the main control room recognizes
(with the help of a clearly visible and audible
signal) that an incident with damage to the fuel
cladding has occured. In order to prevent false
alarms, the criteria for alerting the off-site
authorities are two-fold, namely high dose rate in
the containment and initiation of emergency core
cooling. The combination of these two signals is
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transmitted automatically to the Bain control roon

and is held fast optically and acoustically.

High Oosa Rate In
the Containment
(>1OR/h)

Warning of the
Off-site Authorities

> 2

>1

Emergency Core
Cooling has
Commenced

2. Assessment of the Radiological Dan-
ger to the Population. In order to assess the po-
tential radiological danger to the population,
specific data concerning the source term (time
scale and amount of radioactivity released) and
meteorology must be available. In principle the
responsibility for the correct assessment of the
off-site radiological situation could lie vith
either the on-site or the off-site organizations.
(1) The emergency staff of the plant could assess
the off-site situation and communicate this to the
off-site authorities. The plant staff would need
information on the release, the meteorology of the
environment and knowledge of dispersion calcula-
tions in the atmosphere. The advantage of this
solution is that the plant staff would be in the
best position to judge the source term and the
meteorological situation at the plant site. The
disadvantage is that the plant staff would have no
first-hand information on the meteorological situ-
ation for the whole of Switzerland. (2) The off-
site authorities could assess the off-site
situation. In this case the advantage is that the
off-site authorities would have expert knowledge
of dispersion calculations and would be in a
better position to judge the need for protective .
measures. The disadvantage is that release and
meteorological data would have to be communicated
from the plant and from other meteorological
stations to the off-site authorities. In an acci-
dent situation this would function only if a good
communications network can be guaranteed. In
Switzerland the following solution has been
chosen:

The off-site National Emergency Operations
Center is located at the Swiss Meteorological

Institute in Zurich. This institute has a complete
knowledge of the meteorological situation in
Switzerland. Furthermore specialists are alvays
available to correctly interpret the meteorologi-
cal data. The meteorological data from the plant
site and other meteorological stations are
automatically transmitted to the Emergency
Operations Center on a routine basis. Concerning
the release data (time scale and behaviour), these
would have to be collected from the plant as
needed with the help of a telephone or telefax
transmitter/receiver. No automatic transmission of
the release data is forseen at the moment.

Meteorological Data
Plant Sit*

Meteorological Data
Switzerland

V /
Off-tit* Emergency

Management

Release Data

3. Recommendation and Realization of
Protective Measures. In principle, protective
measures for the population may be realized on the
basis of either a prognostic dose, which gives an
estimation before or during the release of
radioactive materials, or an expected dose, which
is calculated after the release has occured. If an
acute dose is expected within a short time, then
protective measures should be established from the
prognosive dose. On the other hand long-term
protective measures should be determined from the
expected dose, based on actual measurements of the
radiological situation. Nowadays many sophistica-
ted computer programs exist, which can calculate
the prognostic dose on-line. The question is
whether or not such an on-line computer program or
a simple Gauss-Model for hand calculation is best
suited for emergency applications. The on-line
program can process the actual weather data and
many other parameters and calculate different dose
pathways. Vith a simple calculation one is
restricted to a few typical weather situations and
parameters.

The decision which type of program is to be
used, also depends on the user, namely the
organization which Is responsible for the
recommendation or realization of protective
measures. The responsibilities for recommendation
and realization of protective measures for the



On-line Calculation

310

Simple Hand
Calculation

Method Used in
Switzerland

••_'.: ̂ Calculation

•Protective;-
v . .'.Measures

Flg.2 Examples of Possible Prognostic Dispersion Calculations

population are distributed within different
federal, cantonal and community levels. Radiation
protection experts are generally only available on
the federal level. However, the cantonal and
community levels must understand, vhat the federal
level is recouending.

ResponsMMies for the Recommendation
and Realization of Protective Measures

Federal Level (Recommendation)

I

Cantonal Level (Realization)

I

Community Level (Realization)

Dose calculations performed vith a sophisti-
cated on-line program can correct for many special
effects such as plume Meander. This type of
calculation certainly has many advantages. The
problem is that the authorities responsible for
the execution of protective measures nay be
tempted to overvalue the accuracy of the calcula-
tions and then implement protective Measures only

within the calculated zone. Dose calculations
performed using a simple Gauss-Model do not allow
for correction of effects such as plume meander.
On the other hand the character of the estimation
is more visible and the executive authorities are
not tempted to ascribe to much importance to the
accuracy of the calculation. The solution which
has been chosen in Switzerland is shown
schematically in Fig.2, along with the tvo basic
methods of dose calculation. In Switzerland the
basic calculation is performed with a sinple
Gauss-model. Protective measures are, however,
implemented within a much larger area covering an
angle of at least 120 degrees.

4. Lessons Learned from the Chernobyl
Accident. Although in the case of the Chernobyl
accident, Switzerland only experienced the inges-
tion phase of the accident, several important les-
sons could be learned concerning the distribution
of responsible emergency organizations. These are:
Emergency Reference Levels. The definition of
Emergency Reference Levels should be undertaken by
the sane authority, which in the case of an
accident must implement the reference levels. All
authorities which propose or execute protective
measures should be involved in the planning phase.
Recoomendations. Official recommendations must be
announced to the population by recognized
authorities, not by so-called experts.
Information Exchange. Information exchange must be
co-ordinated in advance between the authorities
that propose and those that execute protective
measures. This includes information of the public.
A good communications network is essential.
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II. Co-ordination of Radiological Surveillance in

the Environment ai'ter a Nuclear Accident

A. General Principles of Co-ordination
In the case of &n accident in a nuclear

pover plant it is customary, that the normal
routine radiation surveillance personnel is
supported by additional civil and military survey
teams. For a good co-ordination between the many
survey teams performing measurements! the
following principles should be adhered to.
(1) Survey teams measuring the same quantity
should be equipped with the same measuring
instruments. (2) Survey teams should use the same
supporting documents for sampling, documentation
and transmission of data. (3) The measurements
performed should be reproducible in the sense that
the places of measurement are easily found and
accessible to motor vehicles (places should be
documented vith a photograph). (4) If possible,
civil resources should be limited to certain more
costly and time consuming detallied measurements.
(5) Military resources should be used for a rapid
survey of the fallout situation. (6) The para-
meters to be measured should in all cases be
adapted to the degree of actual danger (for
instance the amount of strontium in milk is not
important in the first week after an accident).

B. Utilization of Measuring Organizations
in the Different Phases of an Accident
1. Priority of Measurements.
In the case of an emission of radio-

active particles one can differentiate two
distinct phates of the accident, namely an acute
phase and a medium/long-term phase. Fig.3 shows

how in the first phase of the accident the
radiological danger to the population is great for
a relatively short period of time. The second
phase represents a lesser radiological danger but
over a much longer period of time.

Fio-3 Potential Radiological Danger to the Population

Table 1 shows the different organisations
which perform measurements during the various
phases of the accident. Basically, permanent civil
systems, which are always operational, are
employed in the cloud phase of the accident.
Measurement of the ground contamination in the
medium-term ground phase of the accident are
performed by organisations, which must first be
mobilized. In the long-term ingestion phase of the
accident, all available laboratories are used.

Time Cloud Phase

EXTERNAL RADIATION
FROM CLOUD

INHALATION OF CLOUD

Ground Phase

EXTERNAL RADIATION FROM
GROUND

INGESTION OF
CONTAMINATED FOOD

Measuring Organization

Fixed measuring systems,
helicopter 1), survey teams 1)

survey teams, laboratory 1)

Fixed measuring systems,
helicopter 2), survey teams 2)

Laboratories 1) and 2)

1) Permanent civil systens which are always operational
2) C1v11 or military systems that are not routinely operational, but must first be mobilized to

Install their laboratories.

Table 1 : Potential Radiological Danger and Measuring Organization
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2. Utilization of Different Measuring
Organizations. There are many different organisa-
tions involved in an accident situation, each of
vhich has a veil designated responsibility.

Survey Teams of the Nuclear Fover Plant
Affected. The on-site and off-site responsibili-
ties are clearly distinguished in Svitzerland. The
survey teams of the plant are exclusively respon-
sible for tha safety of the plant personnel and
for the measurement of the radiological situation
in the plant. The plant survey teams are rapidly
available in an accident situation, but are needed
most urgently vithin the plant. The plant is
therefore not responsible for performing
measurements outside of the plant site.

Civil Measuring Systems vhich are Permanently
Operational. Svitzerland is covered by a permanent
network of doae rate measuring units (density is
about 1 probe per 1000 km2). This network quickly
gives a first assessment of the external radio-
logical situation. Moreover there are several
research institutions, vhich are in possession of
permanent laboratories for measurements of radio-
activity. Some of these institutions possess motor
vehicles equipped with measuring instruments. In
the case of an accident, these laboratories
spontaneously take samples of the radioactivity in
the air, on the ground and in food. Helicopters
equipped vith measuring systems can also be
rapidly engaged. The helicopters are flown by
military personnel. A civil survey team performs
the measurements and takes the samples. All these
systems are organized in such a way that they are
ready for action within about 1 to 2 hours and can
measure and transmit data independently.

Civil and Military Measuring Systems which
Must First be Installed. After the radioactive
cloud has passed, additional means are needed in
order to measure the radiological fallout
situation vithin a reasonable time of about 1 to 2
days. A large measuring capacity is required in
order to be able to produce a detallied chart. The
measurements must be performed for the vhole of
Svitzerland, because any background measurement in
an area far away from the site of the accident is
also important vhen determining protective
measures. Vith the requirement that one
measurement should be performed per 100 kmZ, this
means for the military survey teams and
helicopters that about 400 points must be
measured. For larger distances, the density of
measured points can be reduced somewhat if the
veather situation can be judged reliably. For a
complete determination of the situation concerning
contaminated food, over 30 laboratories covering
the vhole of Svitzerland may be mobilized. These
laboratories must be able to measure a fev hundred
samples each day, and transmit the data to the
Emergency Operations Center.

3. Lessons Learntd from Chernobyl. The
Chernobyl accident has shown that certain problems
result in the co.-ordination and data transfer
between the different measuring organizations.
Vithin the scope of the Chernobyl accident the
folloving measuring systems vere in operation in
Svitzerland: fixed measuring systems, civil ground
survey teams, survey helicopters, and civil and
military laboratories. The Chernobyl accident
shoved, that only a veil organized emergency
organization can in the case of an accident make
correct decisions and implement them. All
authorities concerned must be involved in the
planning of the emergency organization. This Is
especially true for the local communities, vhich
must implement the decisions taken. Specifically
tha folloving problems vere encountered:

Fixed Measuring Systems. Of the 50 planned
probes, only 11 vere in operation at the time of
the accident. A rough estimation of the external
radiological situation vas therefore missing in
the beginning.

Civil Survey Teams- The mobile ground survey
teams have a fixed charge to measure vithin the
vicinity of the nuclear pover plants. Because the
taking of samples vas not organized at the
beginning, the mobile teams also had to take
samples from far avay places and bring them to the
laboratories. These mobile units vere not
efficiently used.

Helicopter. Helicopters vere the most
efficient means of taking samples during the first
fev days. The co-ordination betveen civil and
military personnel presented no problems. The
results vere immediately available.

Civil and Military Laboratories. The
permanently available laboratories performed
quickly and efficiently. After a fev days they
hovever became overcharged, because of lack of
co-ordination betveen the organizations taking
samples. A uncontrolled yield of samples occured.
The subsequently mobilized laboratories vere
mobilized too late. A fev days vere needed to
manage the large amount of data coming in.
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Utility Perspective on Emergency Preparedness
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ABSTRACT

This paper discusses soir* of the major lessons
learned from the TMI-2 accident with respect to
emergency response and preparedness. A
description of the GPU Nuclear Corporation
emergency preparedness program is also provided
to illustrate the significant differences in the
program before and after the accident, While
major lessons have been adopted by both
government and industry there continues to be
emergency preparedness related regulations and
concerns that promote the misperception that
nuclear power plants are unsafe. In addition,
annual exercises send a message to the public
and news media that most, if not all, nuclear
plant emergencies will result in evacuation or
sheltering of the surrounding population.

Prior to the March 28, 1979 accident at the
Three Mile Island station, the typical emergency
preparedness program at utilitias consisted of a
simplified emergency plan with several
implementing procedures. The responsibility for
maintaining the program rested with one
individual with resources that were shared from
other departments. Although drills and
exercises were conducted on an annual basis, the
frequency, level of participation and scenario
scope were generally far less than current
programs.

The NRC regulations and guidance governing
emergency preparedness at that time were minimal
in comparison to the volumes currently in
effect. (1) In 1970, 1OCFR5O.34 was the first
Emergency Planning rule. In 1975, Regulatory
Guide 1.101, which was approximately 4 pages,
provided guidance for onsite Emergency Plans and
offsite emergency planning (for the LPZ area
only). 1980 marked the start of significant

(1) Atomic Industrial Forum "Background Info"
June, 1986

Emergency Planning rules and guidelines. The
rules required onsite and offsite Emergency
Plans (for the two EPZ's) with required
exercises as a condition for maintaining the
plant license.

During the TMI-2 accident several areas were
of significant concern. The communications
system in place during the accident did not
adequately allow for proper information flow
among the utility and Government emergency
facilities. Over a matter of days, the
telephone company installed additional phone
lines to enhance the existing system. Outside
lines were not always available due to the
stress placed on the telephone system from
public use.

The ability tc properly assess the
radiological impact on the plant and the
environment during the accident was also of
significant concern. Certain areas of the plant
had very high (approximately 100 Rem/hour)
radiation levels due to noble gases that made it
difficult to monitor with hand held radiation
detection instruments. The dose projection
process consisted of manual calculations using
isopleths which was cumbersome and time
consuming.

The declaration of the emergency and
notification to offsite agencies were delayed
predominantly due to the lack of understanding
by the operators as to why the plant was
behaving the way it was. The current Emergency
Plan, consistent with regulatory guidance
requires the operator to promptly declare the
emergency and initiate notifications whenever
certain values "emergency action levels" are
reached or exceeded . This action initiates the
implementation of the Emergency Plan
simultaneous with plant mitigation. In
addition, these Emergency Action levels have
boon included into the Emergency Operating
Procedures to assure this process.
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1 he planning and response process, as woll
as the responsibility for maintaining the
emergency preparedness:; program, have
significantly changed from the time of the
accident. The TMI emergency Preparedness program
today has seven full time staff members. Their
disciplines include operations, maintenance and
radiological controls. Over a dozen drills Are
conducted annually which include unannounced
shift drills to test the plant crew on
backshifts, full activation quarterly drills and
an annual exorcise. Scenarios are completely
developed in-nouse and employ the use of
computers and simulators for more accurate and
timely data production. Drills and exercises
are often based on real industry events and are
conducted using audio and visual aids, moulage
kits, radiation sources and actual meteorology.
Provisions cire in place for ensuring the
viability of the program on a day-to-day basis.
Examples of this include periodic inventory of
emergency facilities, monthly testing of
emergency communications systems and updating
letters of agreement.

Attachment 1 provides specific information
pertaining to the G'PUNC Emergency Preparedness
Department including budget and annual exercise
costs.

Additional examples of significant
improvements which have been made to the
emergency preparedness program since the
accident include:

— Major plant modifications to improve
reliability and assessment capability

— Enhanced operator training

Expansion of in-plant and effluent
radiation monitors as well as portable
radiation detection instruments

Dedicated Emergency Response Facilities

Dedicated Emergency Communications
System with redundant features

A sophisticated computerized dose
projection model that is terrain
specific and tracks the plume in a
reasonably predictable manner

A well defined emergency classification
system that is integrated with plant
emergency procedures.

Installation of a Prompt Public
Notification System

Improved Public and News Media
Education Program

Closer coordination and interface with
Federal, State and Local Government
officials

Utility supported radiological training
for offsite emergency workers.

while a significant number of lossons
learned have boon addressed, it is still
necessary to review the consequences of the
TMI-2 accident in order to put it in
perspective. In some areas this has not been
done. Perhaps ona of the most important examples
is simply that the amount of Iodine that is
released to the environment during a core nu>ll
scenario in a L'igh.t Water Reactor is
significantly loss than previously postulated.
In fact, approximately 20 curies of Iodine
escaped Lo the environment while it was thought
that 20 million curies would escape. This
information, along with recently published
source term information, suggests to some that
relaxation of Emergency Planning rules is in
order. For example, this may be in the form of
a reduced Emergency Planning Zone.

The nuclear industry readily accepted and
corrected one of the lossons learned from the
TMI-2 accident. Specifically, more education on
nuclear power was needed for the public and news
media. This has been implemented via annual
emergency public information brochure, annual
news media training, aggressive nuclear plant
speakers programs and plant tours. However, the
required annual exorcises which receive
widespread media attention continue to promote
the misperception that all nuclear plant
emergencies will lead to a protective action of
evacuation or sheltering due to the harmful
levels of radiation. FEMA and NRC should allow
the states and utilities to conduct more
realistic exercises which test the
implementation of the plans without catastrophic
plant failures and lethal doses. In addition,
FEMA Guidance Memoranda continue to be developed
which impose new requirements upon the state and
local governments and ultimately on the
utilities, (eg; increasing requirements for the
ingestion pathway 50 mile EPZ).

Except for the nuclear industry no other
industry is required to have an outdoor warning
system. Although recent evidence suggests that
the probability for the occurrence of a nuclear
plant accident posing harm to residents is
extremely low compared to other natural or
manmade hazards it is disappointing to note that
recent events challenge the adequacy of siren
systems which meet or exceed NRC and FEMA
requirements to alert residents that may be
indoors under night time conditions.

In summary. State and Local Governments and
Utilities are in a better position to respond to
a nuclear plant accident today than was the case
on March 28, 1979. This is a dynamic process
which continually requires updating. If nuclear
power is to remain a viable energy source,
regulations, guidance and licensing proceedings
should be re—evaluated and modified to reflect
the latest source term studies and annual
exercises should be allowed to be more realistic.
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f,PH NUCLEAR EMERGENCY PREPAREDNESS DEPARTMENT

V. P. NUCLEAR ASSURANCE

CORPORATE MANAGER
Of EMERGENCY PREPAREDNESS

SECRETARY

TMI EMERGENCY
PREPAREDNESS

SFfTION

OYSTER CREEK
EMERGENCY

GPU NUCLEAR EMERGENCY PREPAREDNESS SECTION STAFF

SITE EMERGENCY
PREPAREDNESS MANAGER

OPERATIONS
SR. EMERGENCY

RADIOLOGICAL
CONTROLS SR.
pMFP. PI AMMFff

JR. EMERGENCY
PLANNER

PROCEDURE
COORDINATOR SECRETARY
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TYPICAL CRFDENTTALS OF F_P STAFF MEMBERS

SITE EMERGENCY BS DEGREE (OR ADVANCED DEGREE)
PREPAREDNESS MANAGER WITH 10 OR MORE YEARS OF

EXPERIENCE IN APPLIED HEALTH
PHYSICS/EMERGENCY PLANNING AND
MANAGEMENT

OPERATIONS SR. PREVIOUS SRO CERTIFICATION WITH
EMERGENCY PLANNER 5 - 10 YEARS OF EXPERIENCE

MAY HAVE AN AS OR BS DEGREE

RADIOLOGICAL CONTROLS BS DEGREE IN SCIENCE OR ENGINEERING
SR. EMERGENCY PLANNER WITH 5 - 10 YEARS OF EXPERIENCE IN

APPLIED HEALTH PHYSICS/EMERGENCY
PLANNING

JUNIOR EMERGENCY AS OR BS DEGREE WITH 0 - 3
PLANNER YEARS OF EXPERIENCE IN A

TECHNICAL RELATED FIELD

PROCEDURE COORDINATOR AS OR BS DEGREE WITH 0 - 3 YEARS
OF EXPERIENCE
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SITE EMERGENCY PREPAREDNESS SECTION BUDGET

ITEM (COST IN THOUSANDS OF $)

STAFF PAYROLL (INCLUDING OVERHEAD) 275

DEPARTMENT SUPPLIES 10

EMERGENCY EQUIPMENT AND FACILITY 100
UPGRADE

MAINTENANCE AND REPAIR OF OFFSITE 75
SIREN SYSTEM (APPROXIMATELY 80 SIRENS)

OFFSITE TRAINING AND RERP MAINTENANCE 125

OTHER CONTRACTOR SUPPORT (E.G.. 50
SPECIAL PROJECTS, SIMULATOR TIME)

TOTAL 635K
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ANNUAL EXERCISF COSTS

- EMERGENCY PREPAREDNESS OEPT:

STAFF 5 X 3 MONTHS••'1.25 MAN YEARS

- EMERGENCY RESPONSE PERSONNEL:

100 SITE PERSONNEL

25 CORPORATE STAFF

125 TOTAL PERSONNEL

PARTICIPATION IN:

PRACTICE DRILLS

TABLE TOP EXERCISES > 5 DAYS

ANNUAL EXERCISE

125 PERSONNEL X 5 DAYS (250 DAYS/MAN YR) »-»>2.5 MAN YEARS

UTILITY 3.75 MAN YEARS X S50K/MAN YR »-*iI190!<_
PERSONNEL (INCLUDES OVERHEAD)

TOTAL S190K
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Emergency Operations Center Design

Richard E. DeBusk and J. Andrew Walker

ABSTRACT An Emergency Operations Center (EOC)
is a shared information processing facility.
Although seemingly obvious, many EOCs are
designed and operated based on other criteria.
The results> measured in terms of response
effectiveness, are difficult to determine. A
review of ' some recent disasters reveals a
pattern of poor performance for the EOCs
Involved. These conclusions are tentative
because so little research has been done on the
designi operation, or evaluation of emergency
operations centers.

The EOC is not an onsite response command
post but a facility removed from the response
where tactical and strategic decisions are made
based on information from the response site and
elsewhere. The EOC is therefore the .central
focus of emergency information processing and
higher-level decision making. Examining
existing EOCs, several common functions emerge.
These functions can be described in terms of
shared information processing. However, many
factors impact the design and operation of
EOCs. Politics, budgets, and personal ambition
are only a few such factors.

Examining EOC design and operation in terms
of shared information processing operationalized
in the seven principal functions within the EOC
provides a framework for establishing principles
of EOC design and operation. In the response to
emergencies such as Bhopal or Chernobyl the
etakes are high. Applying new techniques and
technologies of management systems can improve
the probability of success. This research is a
beginning step—to understand how EOCs function,
to define the system. Predictive or
prescriptive analysis must wait until sufficient
empirical data is available to complete a
descriptive model for EOC operations.

INTRODUCTION

Bhopal, Challenger, Chernobyl: major
emergencies are alarmingly frequent. Typically,
these emergencies require complex,
intergovernmental, multiorganlzational
responses. In this environment, effective
information sharing among the responding
organizations is a basic requirement for
success. Chernobyl ±a the most recent example

of a major emergency. The response to Chernobyl
has been considered inadequate by most
authorities and poor information sharing has
been identified as a major factor contributing
to the poor response. Poor information sharing
seems to have occurred between the reactor
operations staff and the central Soviet
government and between the Soviet government and
its neighbors.

Additionally, better information sharing
could have improved the response to Bhopal, the
Beirut terrorist attack, and the Mexico City
earthquake. William Petak (PAR, 1985:12)
challenges emergency managers to develop
proactive approaches. Increased preparedness,
increased cooperation between cognizant
organizations, and increased integration of
hazard prevention (engineered safety systems)
and hazard response (emergency management
systems) requires improved information sharing.

Emergency management is a broad,
multidisciplin&ry topic and one long neglected.
Research in many areas of emergency management
can, we believe, help emergency managers meet
the significant challenge posed by major
emergencies.

We have chosen to examine one function in
emergency management, (centralized command and
control in a facility normally called an
Emergency Operations Center), in the context of
a concept applicable to all functions in
emergency management (shared information
processing). To do this, research is organized
in three parts. Part one reviews the concepts
of and requirements for shared information
processing. Part two establishes
characteristics of EOCs and relates these
characteristics to Information sharing. Part
three, the conclusion, suggests improvements in
EOC design built on information sharing concepts
and recommends other emergency management
improvements.

I. INFORMATION
MANAGEMENT

SHARING AND EMERGENCY

What is information? What is sharing? Why
is sharing information important? We use
Blumenthal's definition of data and
information: "A datum is an uninterpreted raw
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statement of fact. Information is data
recorded, classified, organized, related, or
interpreted within context to convey meaning."
(Blumenthal, 1969: 27). Thus a fact such as,
"The radiation dose Inside the reactor
containment of a nuclear facility is 2,500
rem/hr.," is data. When related to standards
and interpreted, the information emerges that
the radiation dose is too high for human
exposure.

Sharing is both borrowing and lending data
and information. Effective results- from sharing
only come about when we don't hoard or protect
that which our neighbor needs. However, too
much information is just as bad. Filtering may
be necessary to extract the most relevant
information and not overload emergency
managers. Further, sharing may be
counterproductive if we don't return the
borrowed item in original condition; otherwise
it may not be usable again.

A. Why Is Shared Information Processing In
Emergency Management Important?

The manager's need for information is the
forcing function in this age of information.
Increasing levels of technological
sophistication make more information available
to mor« organizations and people. Organizations
specialize in order to cope with the
ever-increasing complexities of technology.
Specialization leads to interdependence and the
increasing need to share information.

We are also realizing now, more clearly than
before, that our resources are finite.
Management Systems Laboratories' hypothesis Is
that organizations previously acted to reduce
information sharing by operating with slack
resources and operating in self-contained
tasks. Organizational interdependencies and a
broader base of those participating in decision
making combined with resource constraints are
now forcing organizations to redesign their
operations based on shared information
processing.

The manager's need for information is also
the forcing function In emergency management.
Industry has produced new hazards to add to
natural disasters. The public has access to
more information about these hazards and demands
that the government provide protection. If
government wishes to maintain its credibility
and if public administrators and elected
officials wish to maintain their offices, they
must respond to this challenge.

Previously, when the lack of global,
instantaneous communications made the world a
larger place, informal policies In emergency
management were possible. Information about
catastrophic emergencies hundreds or thousands
of miles away didn't seem threatening. Today,
the world has become very small. The media
intensively covers a wide range of potential
hazards and the public demands protection from
risks that seem very near. Comprehensive,
Integrated capabilities are required to respond
to the demand for the better management of
emergencies. Interdependence, broadened
decision making, and constrained resources are,

therefore, forcing information sharing in
emergency management.

B. Emergency Response And Emergency Management
Are Different.

Emergency response is a technical, hands-on
activity. The operation involves physical items
such as bulldozers, aircraft, radiological
monitoring equipment, and medical equipment.
The operation of emergency response cannot be
seen in isolation. Successful emergency
response depends on successful emergency
management.

Emergency management includes the activities
that support and direct the response. The
operation of emergency management involves data,
information, information processing, and
decision mechanisms. The importance of
emergency management to emergency response was
illustrated in Mexico City. The data providing
the number of collapsed buildings and the number
of trapped people waB not received, sorted,
manipulated, and portrayed to Mexican government
officials until forty-eight hours after the
earthquake. By that time most of the trapped
people could not be helped. Resources froa
within Mexico could not be redirected and
resources from outside Mexico could not be
requested until the government knew the scope of
the problem. Better information sharing among
the agencies of the Mexican government may have
saved thousands of lives.

C. Effective Decisions Require Good Information:.

Complex technological or natural disasters
require a cooperative, Integrated response from
many response groups at all levels of
government. Data oust be quickly and accurately
gathered, stored, manipulated, portrayed, and
communicated as information to many groups.
Information must be shared.

The "place" where data becomes information
Is a critical component in the effective
management of emergencies. This place is the
Emergency Operations Center. Raw data is not
usually forwarded lip the reporting chain. Even
after the EOC extracts information froa
emergency incident data, the Information Is both
funneled and filtered before being forwarded.

Funneling involves suciwrlzlng, collecting,
Interpreting, and disseminating dissimilar but
related data. This data manipulation requires
great technical expertise and high ethical
standards (to prevent hoarding data to make one
group, usually one's own, look good) to avoid
misinterpretation and distortion. Filtering is
the process of reflecting ' rends or patterns in
information. Funneling atA, filtering extracts
the most relevant Information.

This discussion SHows that the quality of
the Information available to most government
officials and to the public is dependent on the
operation of the EOC as an information
processing and information sharing facility.
The EOC links the complex management chain
together. Effective information processing and
sharing in the EOC is a necessary condition for
effective emergency management.
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II. INFORMATION SHARING IN THE EMERGENCY
OPERATIONS CENTER

Many individual characteristics are
important in the analysis of emergency
operations centers. We found it useful to
combine many of the individual characteristics
into broad categories. This method permits
comparison of EOC characteristics. However,
prior to our discussion of EOC characteristics
we believe it helpful to provide a definition of
what an EOC is and what its functions are.

A. What Is An Emergency Operations Center?

An EOC is a facility, which may be fixed or
mobile, that serves as the primary point of
command, control, and communications in
emergency response. EOCs, and the personnel in
them, are normally removed from the physical
site of the emergency and so do not directly
respond to the incident. Generally, EOCs are
not on-scene command posts used for direct
operational control of emergency response
elements. Usually, that direct operational
control is delegated to security, health
protection, operational, or fire department
units which follow established emergency
procedures or direction from the EOC.

Because EOCs are most often remote from the
incident site, and the actual emergency response
elements, emergency managers depend on
communications systems to supply information
about the emergency. EOCs consist of equipment,
personnel, and methods of operation to process
information and make: and direct the
implementation of decisions that terminate
emergencies.

An activated EOC utilizes information to
coordinate and manage an emergency response at a
higher-than-operational level. This may include
ordering specific actions by response elements,
notification of appropriate government
jurisdictions and the media, and requests for
assistance. In summary, an EOC processes
information, and based on the superior knowledge
that the information provides, determines
response and supporting actions to terminate an
emergency.

To illustrate the complex paths emergency
information and decision making follow, we have
included Figure 1, Successful response requires
well-defined and tested paths for emergency
information flow and decision making. This
figure represents typical emergency flow for
U.S. Department of Energy (DOE) facilities.
Notice that the decision path, which includes
both the actions for response elements and
requests for assistance, is simpler than the
information (notification) path. The
Information path may involve many peripheral
organizations (e.g., the media) that could
significantly Impact the responding organization
over the long tern.

The EOC is often the major source of
information to the public and the media. The
importance of this communication cannot be
overestimated. History often judges the success
of an emergency response more on the perceptions

created by the media than the reality buried in
official records. Therefore, although more
complex and often time consuming during
emergency response, the information
(notification) requirements cannot be
overlooked. The primary purpose of any EOC is
to manage information and decisions. The
quantity of Information is great and both
information funneling and filtering are required
to ensure high quality, relevant information and
decisions result.

DOE-HQ ,, „ Other Federal
. - Authorities

X A
Media

Local
Authorities

DOE Operations
Office

n ,
Facility EOC '

n
Response Elements

State
EOCs

Decision Path-

Information Path.

Figure 1. As shown in this DOE fexample,
successful response requires well-defined and
tested paths for emergency information flow and
decision making.

In the information processing role, which
includes the orderly flow of relevant
information and decision making, EOCs are the
primary interface point between on-scene
response and the outside world. The EOC serves
as a two-way clearinghouse for information: for
information from the incident scene and for
supporting information from outside the response
organization. This concept is critically
important for information sharing in EOCs. As
technology permits faster and faster access and
processing of information, there is a tendency
to be inundated by information. Post-incident
evaluations of many emergencies typically have
revealed that the management systems contained
much significant Information that was not used
in the response. This occurs because of a lack
of ability to focus on what is relevant
(Information Technology for Eaergency
Management, 1984: 152-153).

We find that every EOC, as a two-way
clearinghouse, must include a carefully designed
and implemented functional process that can
handle a great deal of information and separate
it by relevance to the response.

First, by funneling (or channeling)
information is directed to the appropriate place
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for filtering. Second, and most important, is
the filtering of information. Information from
the incident (internal) as well as information
from organizations outside the response
(external) must be filtered. Only in this way
is relevant information obtained for accurate
and appropriate decision making. Our concept is
represented in Figure 2, The funnaling and
filtering of information is necessary to support
decision making based on the most relevant
information. It is becoming more and more
important for EOCs to facilitate the sharing of
information among those in the facility and
between the EOC and the great number of outside
organizations with a stake in a coordinated and
effective emergency response. Simply put, this
requires EOCs defined as information sharing
facilities.

Information From Incident

Response
Decisions

U 11J / /

Internal Filtering Function

Processor

(decision-making]

Eternal Filtering Function

External
Support

: / M t n \
/ Information Outside Responding EOC

Figure 2. The 'funne^ing and filtering of
information is necessar'y to support decision
making based on the most relevant information.

B. Characteristics of EQCs

We have combined many individual
characteristics into, several broad categories
relevant to information sharing. These same
categories will permit application and design
criteria to be established.

1. The Emergency Organization
The eaergency organization executes

emergency management responsibilities.
Differences and simil; -Ities between facilities
and organizations define unique domains of
emergency management responsibility.
Similarities in potential emergencies, policy
guidance, and overall mission make facilities
and their orga ations comparable. Differences
in geographic proximity to the facilities
managed, the organizational history and culture,
and organization structure and procedures used
provides a substantial and meaningful contrast
between EOC emergency organizations.

When activated, the EOC emergency staff
finds it difficult to make the transition from
their normal management responsibilities to
their emergency roles. Managers have collateral
responsibilities and this must be taken into
consideration in emergency planning and
preparedness. Managers must be trained and
exercised in their emergency roles and in the
process of working with unfamiliar
organizations. The role of training cannot be
overstated. Managers cannot devote much time to
emergency preparedness and their complex
emergency management roles require orientation
and familiarization. Emergency procedures
require drills in order to be used proficiently
in the high-stress environment of a response.
Creative and innovative training is a must for a
smoothly functioning EOC emergency staff.

Shared information processing can be
enhanced or hindered by the physical layout of
the EOC. Typically, a technical, specialized
support cadre is available to receive, sort,
manipulate, and portray emergency information.
The management cadre uses this information to
make critical emergency decisions.

The process of receiving, sorting,
manipulating, and portraying emergency
information is noisy. This area must be
separated from the area where the management
cadre works. In this way, internal (to the EOC)
information is filtered by the support cadre for
use by the management cadre. Well-rehearsed
procedures, trust, confidence, and teamwork from
people not used to working as a team are
required for an emergency organization to work
at all. The degree of success depends on the
dedication of both the people involved and their
parent organization, and on the organization of
emergency planning and preparedness.

2. Internal Notifications
An Internal notification system gets the

right people to the EOC quickly. Following the
report of the emergency and the decision to
active the EOC, the communications staff in the
EOC contacts members of the eaergency
organization. People cannot share information
until they can be Hatched up with the
information. A delay in assembling the EOC
emergency organization can have catastrophic
consequences.

3. Internal Information Flow
Accurate, reliable, and timely information

about an emergency is necessary for a successful
response. The internal information flow ensures
information reliability.

EOC information flow usually parallels the
structure and physical positioning of the
emergency organization. From the incident to
the EOC, and once in the EOC, from functional
group to functional group, the path information
follows determines its efficacy. If information
passes outside its functional path, e.g.,
security information processed by health
physicists, the information becomes contaminated
with loss of confidence and biased perceptions.
Without strict control over information flow
from source to decision point, the decision
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maker loses confidence in the reliability of
emergency information'

4. Emergency Information Display
Although part of internal information flow and
management, the display of emergency information
in the EOC is so critical it is considered
separately. The display of emergency
information must support the next decision. For
this reason, status rather than event
information is usually portrayed in EOCs. Event
information displays show multJ-incident
information or the chronological history of
event status. Status information is sorted and
displayed by function. Status information
lessens the tendency of the emergency manager to
get caught up in the story that is portrayed on
an event display.

Emergency information may be displayed by a
variety of means of varying degrees of
technological sophistication. The technological
sophistication has little to do with the
effectiveness of the display. Of critical
importance is the placement of the display: can
the emergency managers see the information they
need? Additionally, the accuracy and timeliness
of the information displayed is critical. If
the emergency manager does not have faith in the
display process, the manager will waste valuable
time confirming information.

5. External Information flow
External information flow supports both the

information path and the decision path
illustrated in Figure 1. The information
display techniques are also critically important
here. Information should be portrayed in
exactly the same format in a hierarchically
separate but organizationally similar EOC.
Thus, the information displays in the facility,
operations office, and headquarters EOCs of
DOE, as one example, should be identical. (They
are notJ)

Well-developed and rehearsed procedures are
necessary to ensure that the media, and through
the media, the public are provided incident
status quickly and reliably. This is difficult
to achieve in reality because of the need to
protect classified information and because most
top managers will not delegate the approval
process for press releases. The stakes are too
high.

6. Emergency Communications Systems
Control over the flow of communications

internally and externally ensures the flow of
data and information is fast and reliable.
Communications systems support all other
functions, but particularly the internal and
external information flows. Specialists in the
EOC normally control the communications
systems. These specialists receive and sort
data (funnel and filter). Data may be sorted by
function or priority. In order to ensure that
only high-quality, relevant information ends up
on the displays the management cadre needs, the
specialists must properly process the
information as it enters the EOC.

The communications systems are critical to

the information processing function of the EOC.
Indeed, information processing cannot occur
without good communications. These systems
could include telephones (there are a great
variety of these, some quite exotic and
expensive), radios (usually HF, VHF, and UHF),
teletypes (which can operate from radios or
telephone lines), runners (which transfer
information withia the EOC or for short
distances outside the EOC), and finally other
systems which could include microwave or
satellite or other more exotic types.

These communications systems represent a
significsnt investment in any emergency response
system. Effective planning and preparedness to
best use them is essential.

7. Maintaining the Historical Record
Emergency response provides valuable

feedback that supports training. Maintaining a
historical record of the response allows
emergency response personnel to review their
actions, decisions, and assessments and improve
them. Legal and reporting requirements are also
met.

III. CONCLUSION

Complex organizations, especially public ones,
are driven by many forces. A beginning step in
an analysis of any such complex public
organization is to define the organization's
operation, that is, what is being managed. The
emergency operations center is a facility that
manages emergencies. Such facilities do not
execute emergency response actions but direct,
control, oversee, and coordinate the actions of
one or many response groups. Additionally,
actions outside of the response may Impact the
EOC. Reporting requirements dictated by law or
departmental procedure, press relations, and the
concerns of the public must be addressed.
Almost any eaergency above the trivial will
become complex and require the activation of
special organizations and facilities to respond
and manage the response to such emergencies.
The EOC is the central focus of emergency
management activities above the operational
level.

Examining the response to recent
emergencies, such as Three Mile Island, Bhopal,
Mexico City, or Chernobyl, it is obvious that
improvements in all functions of emergency
response and emergency management are
desperately needed. If we are to support
emergency management above the operational
level, we must begin with the EOC.

The EOC is a central command, control, and
communication facility in emergency management.
We have described the actions of the EOC in
terms of seven critical functions: the
emergency organization, internal notifications,
internal information flow, information display,
external information flow, communications
systems, and maintaining the historical record.
How these functions are executed largely
determines the success or failure of emergency
management actions. We believe that by
describing these functions in terms of shared
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information processing, the probability of
success in emergency management can be improved.

Sharing information begins at the
operational level. The operational response
personnel must collect and forward data about
the incident to the EOC. This takes tine. What
impetus do these people have to do a good job at
this data collection and communication? Because
operational responders are dependent on the EOC
for support they are willing to share
information with the EOC. Interdependence leads
to information sharing. The operational
personnel must have confidence that the EOC will
provide the necessary support or they will not
effectively share information, will not take the
time to collect and communicate incident data to
the EOC, and will not execute the directions of
the EOC.

When the emergency begins, the emergency
organization is activated in the EOC.
Information from the incident begins to pour in,
as do requests for information from higher
levels in the organization, other organizations,
the press, the public, and employees. The EOC
must make decisions about response actions,
resource allocation, press releases, and a host
of other critical matters. We have observed
that these decisions are made. All of the
functions of the EOC identified above are
performed. We have also observed that some EOCs
do better than others.

At this point it is only possible to say
that empirical evidence suggests that EOCs
designed and operated as shared information
processing facilities do a better job of
managing emergencies. As one example, some EOCs
separate their managers from those personnel who
receive and process the incoming data and
convert that data into useful information.

Separating personnel in the EOC on the basis
of their information processing function reduces
confusion and focuses attention on individual
responsibilities. Further, technical
specialists usually process information and
determine what is Important and what is not
(funneling and filtering). These specialists
categorize information and add a bias. Managers
also have difficulty not looking over the
shoulder of these specialists. Being aware of
the garbage-in/garbage-out syndrome, managers
are concerned about the ability of these
specialists to give them quality information.

In some cases, budgets limit the size of the
EOC and everyone is crowded into one or several
rooms. These organizations often save thousands
of dollars, but if a major emergency occurs the
organization will pay for this economy. Another
example of an economy-driven criterion Is the
often-noted lack of concern over the ability of
the EOC to maintain a historical record. The
historical record is the best method available
to review actions and suggest improvements. The
use at flight data recorders in determining the
cause of aircraft accidents and preventing
future accidents is evidence of the need for a
similar capability in EOCs.

EOC design and operation based on shared
Information processing will Bignificantly
increase the probability of successful emergency

management. An emergency preparedness program
including adequate emergency management
documents, training, drills and exercises, and
evaluations and audits i« necessary for
organizations to refine the skills of EOC
personnel and mold these personnel into a team.
A team of EOC professionals will be more
effective if their operating procedures are
based on processing information, because
processing Information is the operation of EOCs.

EOCs collect data, process that data into
information, and then use that information to
make decisions and direct response actions.
EOCs will be more successful if their
organization, activation processes, Internal
information flow, information display, external
information flow, communications, and record
keeping operate for maximum efficiency and
effectiveness in processing and using
information. The higher the level of
preparedness in these functions, the more
effective the EOC will be. In future papers, a
descriptive model of EOC operation should be
developed. Eventually, predictive and
prescriptive models will allow us to Bay with
more confidence what will Improve EOC
capability, provide a measurement and evaluation
of that capability, and Improve EOC operations.
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The NRC Operations Center's Function
Eric W. Weiss

ABSTRACT The Nuclear Regulatory Commission has
maintained a 24-hour-a-day, 365-days-a-year,
manned Operations Center since- the emergency
incident at the Three Mile Island Nuclear Power
Plant in 1979. The Center functions as the
NRC's point of direct communication through
dedicated telephone lines for reports of
significant events at licensed nuclear power
plants and certain fuel cycle facilities. The
Center has become a key element in the agency's
emergency preparedness.

The effectiveness of the NRC Operations
Center1 depends in large measure on complete and
accurate reports from the licensees. The
information provided is used to: identify
generic safety issues and precursor events that
may compromise plant safety; develop licensee
performance trends that are used to adjust NRC
regulatory emphasis; and, evaluate and provide
for the appropriate NRC response to events in a
real time mode.

I. INTRODUCTION

The Nuclear Regulatory Commission has
maintained a 24-hour-a-day, 365-days-a-year,
manned Operations Center since the emergency
incident at the Three Mile Island Nuclear Power
Plant in 1979. The Center, which is located in
Bethesda, Maryland, functions as the NRC's point
of direct communication through dedicated
telephone lines for reports of significant
events at licensed nuclear power plants and
certain fuel cycle facilities. The Center also
has a commercial telephone number which is
(301)951-0550. At night and on weekends and
holidays when the NRC regional offices are
closed, the main telephone numbers for the NRC
regional offices play a recorded message to call
the Operations Center in the event of an
emergency. The NRC Operations Center receives a
wide variety of calls and has become a key
element in the agency's emergency preparedness.

The staff at the Operations Center evaluate
the telephone notifications and, depending on
the safety significance of the particular event,

notify other appropriate NRC personnel and other
Federal agencies. Examples of Federal agencies
that are sometimes notified include the Federal
Emergency Management Agency (FEMA), the
Department of Energy (DOE) and the Department of
Transportation (DOT). In all cases the NRC
regional office responsible for the facility
reporting the event is notified. Response to an
event may vary from simply recording the
circumstances of the event for later evaluation
to immediately activating response teams within
headquarters and the appropriate NRC region.
Events are monitored by the NRC while they are
in progress from the standpoint of actions to
protect the health and safety of the public.

During the early hours of an emergency, the
Operations Center becomes the focal point for
action by the NRC. The NRC monitors the
licensee's actions during an emergency to assure
appropriate protective action is being taken
with respect to offsite recommendations. When
requested, the NRC supports the licensee with
technical analysis and coordinates logistics
support. The NRC supports offsite authorities,
including confirming the licensee's
recommendations. The NRC keeps other Federal
agencies and entities informed of the status of
the incident. The NRC keeps the media informed
of the NRC's knowledge of the status of the
incident, including coordination with other
public affairs groups.

Not every event telephoned into the
Operations Center is an emerqency; some
non-emergency events have important generic
implications for other operat.inq nuclear power
plants that could lead to an emergency, if le*t
unchecked. Consequently, each event called into
the Operations Center or reported by a regional
office is evaluated to determine any generic
implications for similar facilities. Event
reports ere screened during the first hours of
the first working day following the receipt of a
notification. Events that may be significant
from a generic standpoint then receive
additional in-depth evaluation. For events
found to have significant generic implications,
the NRC issues an Information Notice or a
Bulletin to the appropriate licensees and
construction permit holders.

325
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II. OPERATIONS CENTER PERSONNEL AND EQUIPMENT

The Operations Center is continuously
manned by a Headouarters Operations Officer who
is an engineer or scientist specifically trained
for that job. The NRC considers events analysis
an important part of the function of the
Headquarters Operations Officer. By immediately
analyzing the events that are reported, a
serious event can be recognized at its earliest
stages and events with generic implications can
be treated appropriately.

Many of our Headquarters Operations
Officers have advanced degrees and they all
receive in-depth training on reactor design and
operations at the NRC Technical Training Center
in Chattanooga, Tennessee. Typically the course
of instruction for a Headouar'ters Operations
Officer lasts about I?, weeks in Chattanooga plus
a couple more weeks in Bethesda on the equipment
and procedures for the Operations Center.

The Headquarters Operations Officer has
special equipment to aid him in his function.
The Operations Center has two dedicated
computers that serve to record, disseminate, and
analyze events. The telephone system for the
Operations Center is more complicated than that
used by most telephone operators. There are two
dedicated sets of telephone lines to each
licensed nuclear power and fuel facility. The
one most often mentioned is the Emergency
Notification System (ENS) that appears as a red
telephone in the control room of each nuclear
power pl'.ni and rings in the Operations Center
once it is picked up. The other dedicated
telephone system is the Health Physics Network
(HPN). The HPN is used during an emergency to
establish conference calls between health
physicists involved in the event. Besides the
two dedicated telephone systems the Headquarters
Operations Officer has access to the commercial
telephone system and the Federal Telecommunica-
tions System (FTS).

Thr Operations Center also has a dedicated
telephone line to FEHA. The dedicated telephone
lines are a real advantage during an emergency
when ordinary phone systems tend to become
overloaded.

The Headquarters Operations Officer is able
to control all of the various phone systems
available by using a electronic PBX (private
branch exchange). This system offers the
Headquarters Operations Officer six telephone
bridges to establish conference calls during an
event. During an emergency, there are usually
at least four telephone bridges established. One
is used for the ENS, one for the HPN, and then
there are two counterpart links established
between headquarters and regional personnel so
that headquarters and regional personnel can
discuss an event without interrupting the flow
of information from the site.

The Headquarters Operations Officer who is
usual'y alone in the Operations Center, is
joined by several teams during an emergency.
Without attempting to describe everyone who has
a role in the Operations Center, three teams are
worth mentioning to give an overall picture of
the function of the Operations Center during an
emergency. The Reactor Safety Team follows the

course of the event and attempts to predict
future plant responses, e.g., Is the break
getting bigger; what alternatives are there for
reaching cold shutdown? The Protective Measures
Team follows the course of the event from a
radiological point of view, e.g.. Will there be
any health consequences; is evacuation
warranted? The Executive Team directs the
agency response to the emergency.

III. PROBLEMS AND TWO EXAMPLES

The chief problems with reports made to the
NRC Operations Center have been lack of
completeness in the reports and inadequate
qualifications of some of those attempting to
make reports to the Operations Center.

Two recent events, one at the Davis-Besse
nuclear power plant near Toledo, Ohio and the
other at the Point Beach nuclear power plant
near Two Rivers, Wisconsin, highlight the need
for more complete reports and improved licensee
response to emergency classification.

A. Davis-Besse

At 1:35 a.m. on June 9, 1985, the
Davis-Besse plant experienced a complete loss of
main and auxiliary feedwater for nearly 12
minutes. The emergency plan identified the loss
of feedwater event as a Site Area Emergency,
which is the second most serious of the four
emergency classes defined by the NRC's regula-
tions. However, it appears that all
knowledgeable personnel in the control room were
occupied with stabilizing the plant and, thus,
were not able to classify the event as a Site
Area Emergency and activate the emergency plan.
Had the plant not been brought to a stable
condition quickly and had plant safety further
degraded, it is possible that the efforts of all
knowledgeable personnel in the control room
would have been required for recovery efforts,
further delaying initiation of appropriate
onsite and offsite emergency response.

At 2:11 a.m., which is C6 minutes after the
loss of all feedwater, the shift technical
advisor (STA) called the NRC Operations Center
from the control room using the Emergency
Notification System to report the event pursuant
to the Commission's regulations, which allow a
maximum of 1-hour from the time that an
emergency is declared until it is reported to
the NRC Operations Center. At the beginning of
the event, the STA had been in his quarters in
the administration building, which is outside
the protected area about a half mile from the
plant. Although the'STA mentioned the trip of
the main and auxiliary feedwater pumps, the STA
did not describe the length of time that the
plant was totally without feedwater or the
difficulty the plant had in restoring auxiliary
feedwater. No Emergency Class was declared, nor
was the fact conveyed to the NRC that plant
conditions which warranted the declaration of a
Site Area Emergency had existed for nearly 12
minutes.

At 2:26 a.m., the STA informed the NRC that
an Unusual Event, the lowest of the 4 Emergency
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Classes, had been declared at 2:25 a.m. The STA
also informed the NRC that although the
emergency plan identified the total loss of
feedwater event as a Site Area Emergency, the
plant was no longer in this emergency action
level at this time. At 2:29 a.m., the licensee
informed the county that an Unusual Event had
been declared. The licensee depended on a
procedure that required the county to notify the
state representative. However, because the
county could not reach the local state represent-
ative, the State of Ohio was not notified of the
Unusual Event declaration until after the event
had been terminated, more than 6 hours after its
declaration.

At Davis-Besse, the emergency plan is
initially implemented by the shift supervisor,
who also has primary responsibility for ensuring
that the plant is maintained in a safe condi-
tion. Because of competing priorities of (1)
directing attention to necessary recovery
actions to obtain a safe and stable plant and (2)
reviewing the emergency plan and initiating its
actions, there was a substantial delay in
declaring an Emergency Class and implementing the
emergency plan. If the June 9 event had
progressed in severity, valuable time needed to
initiate appropriate onsite and offsite response
to the emergency would have been lost.

Corrective actions being undertaken by the
licensee as a result of this event include a
number operational and procedural changes that
include but are not limited to the following:
Changing the STA shift schedule from a 24-hour
duty day to rotating 12-hour shifts. Having the
STA spend the entire shift within the protected
area, and having the STA office located within 1
to 2 minutes of the control room. Training the
STA as an Interim Emergency Duty Officer to
advise the shift supervisor in event classifica
tion and protective action. Having the licensee
make emergency notifications directly to the
State of Ohio.

G. Point Beach

On July 25, 1985, at 7:25 a.m. (eastern
time), Point Beach Unit 1 experienced an event
involving loss of offsite power. Point Beach
Unit 2 continued to operate normally during this
event. Because of the incomplete understanding
of the event by those making the notification to
the NRC Operations Center, the NRC Operations
Center was not made aware of the details of the
event. At 7:37 a.m., a security guard called
the NRC Operations Center to notify the NRC that
Point Beach Unit 1 had declared an Unusual

Event. The explanation for the Unusual Event
was that the plant had a turbine runback. This
did not make sense to the Headquarters
Operations Officer because a turbine runback is
neither an emergency nor even a reportable
non-emergency event in itself. When the NRC
Headquarters Operations Officer asked questions,
the security guard was unable to provide
additional information because of his limited
technical knowledge cf the plant and because the
call was made from a location outside the
control room where the security guard could not
obtain additional information from the operators
involved.

The Headquarters Operations Officer called-
the control room, and as a result of asking
questions learned that a station transformer had
been lost. However, not until 2\ hours later,
when the plant notified the NRC Headquarters
Operations Officer that the Unusual Event was
terminated, did the Headquarters Operations
Officer learn that there had actually been a
loss of offsite power. A loss of offsite power
at a nuclear power plant is a serious event
warranting the declaration of an Unusual Event.

On October 15, 1985, the NRC issued
Information Notice (IN) 85-80 to describe these
two instances when an emergency condition was
not classified and declared in a timely manner.
Although events such as these are the exception
rather than the rule, the NRC has counseled
licensees that it is the licensee's
responsibility to ensure that adequate
personnel, knowledgeable about plant conditions
and emergency plan implementing procedures, are
available on shift to assist the shift
supervisor to classify an emergency and activate
the emergency plan, including make appropriate
notification, without interfering with plant
operation.

IV. CONCLUSION

The effectiveness of the NRC Operations
Center depends in large measure on complete and
accurate reports from the licensees. The
information provided is used to: identify
generic safety issues and precursor events that
may compromise plant safety; develop licensee
performance trends that are used to adjust NRC
regulatory emphasis; and, evaluate and provide
for the appropriate NRC response to events in a
real time mode.

If you are planning a trip to Bethesda,
Maryland, we would be delighted to make
arrangements for a tour of the Operations
Center.
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Dose-Rate Models for Human Survival After Exposure
to Ionizing Radiation"

Troyce D. Jones, M. D. Morris, and R. W. Young

ABSTRACT This paper reviews new estimates of
the LD50 in man by Mole and by Rotblat, the
biological processes contributing to henatologic
death, the collection of animal experiments
dealing with hematologic death, and the use of
regression analysis to make new estimates of
human mortality based on all relevant animal
studies. Regression analysis of animal mortal-
ity data has shown that mortality is dependent
strongly on dose rate, species, body weight, and
tine interval over which the exposure is
delivered. The model has predicted human LDJOS
of 194, 250, 310, and 360 rad to marrow when the
exposure time is a minute, an hour, a day, and a
week, respectively.

I. BACKGROUND

A. Mechanisms of Death
When mammals are exposed to high doses

of ionizing radiations, blood lymphocytes and
stem cells of the active bone marrow are killed.
Mammals may die from infection or hemorrhage
when these cell populations drop below certain
critical levels. The time to death depends upon
the number of cells killed; the species and
strain of the mammal; and the cage/hospital care
given, including therapeutic support, barrier
nursing, nutrition, etc. This mode of death is
commonly referred to as hematologic syndrome (or
death from hemapoietic depression).

Hematologic death and modes of death resul-
ting from gastrointestinal (GI) and central ner-
vous (CN) system damage are described in Langham
(1967) and many other sources (e.g., Baum et
»1., 1984). However, this review will discuss,
in some detail, the biological and physical con-
ditions contributing to hematological depres-
sion, the relevant animal studies from radiation
biology, and human radiation accident and thera-
peutic experiences. This background section

will establish the justification for new
analytical tools to be used in modeling the LD50
for man.

Bergonie and Tribondeau (1906) proposed
that the level of radiosensitivity of an organ
or tissue is related to (1) the degree of dif-
ferentiation of its cells morphologically and
physiologically, (2) the mitotic activity, and
(3) the length of time that the cells remain in
an active stage of proliferation, which includes
the number of divisions between the youngest
precursor cell and the mature functional (or
differentiated) cell. This proliferation of
cells, which has commenced terminal differentia-
tion, is commonly referred to as amplification
and is especially important in maintaining suf-
ficient numbers of lymphocytes (to fight infec-
tion) and platelets (to prevent post-irradiation
hemorrhage). Because stem cells of the marrow
tie more radiosensitive than the rapidly proli-
ferating crypt cells of the GI system or the
highly differentiated cells of the CN system,
survival of the organism is dependent upon the
bone marrow although the time to death of a
lethally irradiated animal may be determined by
damage to the GI or CN systems (Langham, 1967;
Baum et al., 1984).

According to Alper (1979), the killing of
animals by radiation is determined by the death
of "target cells" in "target tissues," and this
concept is now a "basic part of the framework of
radiological thinking." The United Nations
Scientific Committee on Effects of Atomic Radia-
tion (UNSCEAR, 1982) has further broadened this
concept by proposing the basic premise that the
nonstochastic response of a tissue depends upon
the level of cell killing. ("Nonstochastic" is
used to describe radiation-induced injuries
where both the frequency of occurrence and the
severity of the injury are porportional to the
radiation dose.) Thus, for hematopoietic deaths,
there is no controversy about the sequela of
effects that precede death. Following whole-
body exposure to lethal doses of radiation

•Research sponsored by the Defense Nuclear Agency under Task Code U99QMXMH and Work Unit Code 00018 of
IACRO DNA 85-903 with the U.S. Department of Energy, under contract DE-ACO5-84OR214OO with Martin
Marietta Energy Systems, Inc.
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(below about 1000 rad given over a short time
interval), death in small mammals occurs within
30 days and in larger mammals within 60 days.

When the radiation is delivered over a
longer time, the magnitude of the lett;l dose is
increased, and the time to death become; longer
and less sharply defined. These changes can
derive from two processes. First (if the radia-
tion dose is from photons), subcellular or enzy-
matic repair of sublethal lesions in nuclear DNA
can occur before a second photon (or photon-
induced lesion) can further damage the site and
kill the cell. Second, when the dose rate is
sufficiently low (i.e., the dose is given over a
tine interval greater than 30 minutes), compen-
satory cellular proliferation begins in an
attempt to restore tissue homeostasis. Thus,
for low-dose-rate exposures to either high or
low linear energy transfer (LET) radiations, the
survival time can be quite long. The process
has been described by Bond, et al. (1965):

Proliferating cell systems like those
found in hemopoiesis can, in opera-
tion, be likened to a retail dealer
vending several items. If the factory
manufacturing a particular item is
damaged so that production is reduced
or stopped, the retail dealer is not
affected until stocks in the chain of
supply linns are exhausted. Each
individual item (cell) in the store
even then remains as good or as "func-
tional" as ever, and the segment of
the vendor's business (organ)
represented by that item is not affec-
ted until the number of individual
items falls below a critical level or
is exhausted. The entire business
(mammal) is not seriously hurt or des-
troyed unless that particular item
represented a major part of (was vital
to) his operation. Survival will then
be possible only if the factory can be
put back into operation reasonably
quickly (rapid regeneration), or if a
substitute source or product can be
used temporarily (symptomatic or sub-
stitution therapy) until restoration
of the factory eventually takes place.

When humans have been accidentally or
therapeutically exposed or when test animals
have been irradiated, mortality it commonly an
"all or none" event with respect to proportion
killed in a population of individuals. That is,
there is some high sublethal dose where no sub-
jects die and some dose about twofold higher
where very few, if any, individuals survive.
The narrow transition zone (wherein some indivi-
duals die) is defined by a dose range where the
upper dose is only 2 to 3 times that of the
lower dose. Thus, because the mortality func-
tion is extremely steep, the dose that is lethal
to 50% of the exposed individuals can in effect
characterize the entire response function for
most practical considerations with respect to
nuclear safety, civil defense, and radiotherapy.

In spite of the large numbers of documented
human exposures (Lushbaugh, 1969), there are
inadequate human data to serve as a basis for

promulgating an LD50 for man or to study how the
human LD50 changes with different biological and
physical conditions.

Historically, the most commonly accepted
LD50 value for man has been that of the National
Council on Radiation Protection and Measurements
(NCRP) (NCRP, 1974). For high dose-rate expo-
sures such as those that might occur following
the explosion of a nuclear weapon, the NCRP has
promulgated a value of 450 R (in air), which has
been taken by the NCRP to be about 315 rad {to
marrow). This NCRP LD50 value "is the median of
a number of educated guesses made by a group of
U.S. experts in 1949," and there is still
insufficient human data to substantiate or
change the 1949 value.

Lushbaugh et .... (1967) treated 93 ter-
minally ill patients with a dose rate between
0.75 and 1.6 R/min. They also gave therapeutic
aid to seven victims of the Y-12 radiation
accident. From this combined population. Lush—
baugh et al. derived an LD50 of 425 R (in air)
or 281 rad (to marrow). Of course, all of the
93 terminally ill patients died, but 18 died
within a time interval that suggested that the
radiation treatment may have predominated
slightly over the progression of death naturally
associated with the disease. In contrast to
studies of all-accidental human exposures, this
study was supported by accurate do sinetry (Beck
et al., 1971), and the numbers of patients were
sufficient to permit a good statistical analysis
of mortality.

In Lushbaugh's study, the patients were
terminally ill, a state frequently speculated to
result in increased radiosensitivity. On the
other hand, the patients were given state-of-
the-art hospital care, which would be expected
to decrease radiosensitivity (NRC, 1975) . Thus,
although this study ia without doubt the only
accurate source of data that measures the LD50
of man, there is much uncertainty as to how to
extend the results to different dose rates or to
"non-sick" humans exposed under accident condi-
tions.

Mole (1984) chose to consider the Y-12,
Vinca, and Ewing Sarcoma patients of Rider and
Hasselback (1967). Mole bases his LD50 of 600 R
(in air) and 450 rad (to marrow) on survival of
28 individuals from a population of 29 exposed.
Mole's analysis is strengthened somewhat because
he used animal data to describe the shape of the
mortality curve in the dose-normalizing techni-
que of Jones (1981) .

However, doses to accident victims have
been determined from calculations and experimen-
tal "moifk up" and thus are quite unreliable on
an individual basis. Mole made a series of
assumptions that combine to build a very high
LD50. These assumptions include Mole's belief
that barrier nur. ing, antibiotics, platelet
transfusions, and marrow grafts did not enhance
survival. There are, however, several sources
of experimental data to suggest that such pro-
cedures are likely to enhance survival by a sig-
nificant amount, but these studies were not
acceptable to Mole (NRC, 1975; Evans et al.,
1985).

As a basis for evaluating the LD50 of man,
Rotblat studied the atomic bomb experience in
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Hiroshima. He presented his analysis at a
meeting of the Institute of Medicine at the U.S.
National Academy of Sciences (NAS, 1985). Rot-
blat found an LD50 of 220 rad tissue terma in
air (-250 R) and 154 rad (to marrow). Although
the numbers of deaths \nd exposed individuals
are adequate for a gocd statistical analysis
(i.e., 201 deaths in 765 exposed), Rotblat's
analysis is quite controversial because of:

1. extremely inaccurate analytical methods (as
only one of several possible examples,
Rotblat goes to great effort to compare the
shapes of survival curves in a semiquanti-
tative manner by transforming the scales on
both the ordinate and the abscissa of only
one curve; he' then remarks that the simi-
larity between the transformed curve for
humans and the untransformed curve for mice
"is striking") ,

2. an assumption that all deaths after the
first day were due to radiation and that
combined injury from thermal burns and
blast did not increase mortality, and

3. the fact that the survival curve is
fivefold flatter than any ever observed in
any mortality study (Jones, 19bl; Hole,
1984) so that a few humans would die at
doses as low as 50-75 rad but some could
survive at doses twofold greater than the
U>50> Both of these effects have no basis
of support in the vast literature on radia-
tion therapy and radiation biology (Jones,
1981; Mole, 1984).

Many others have promulgated human LD50
values over time, but the four studies reviewed
here illustrate the problem adequately. One is
faced wit:h the choice of extrapolating from sick
humans to "normal" humans or analyzing data on
normal humans where the doses and the number of
deaths per number exposed are unreliable. Even
with the best analytical methods, a reliable
LDjo value must depend upon accurate do timetry
and sufficient numbers of exposed individuals
and deaths. Some experienced investigators
express a great reluctance to use sick humans as
analogs of normal humans. However, it is our
view that mechanisms of death may not be changed
greatly in tome populations of sick humans and
that mortality models based on carefully done
therapeutic populations provide a technically
accurate estimate comparable to analytical
models based on many species of test animals.

Thus, from the human data collected to
date, it i* not possible to define, with accep-
table confidence, an LD50 value (or a mortality
response function) or to anticipate how human
mortality varies with dose rate and numerous
other physical and biological variables.

Hence, this paper will draw on (1) the vast
amount of animal aortality data published in the
literature, (2) well-in own principles from radi-
ation biology that will help to fit each of
these many animal studies into the proper per-
spective, and (3) simple unifying dose-response
models (Jones, 1981, 19S4) that permit all data
on all specie* and experimental and biological

factors to be analyzed simultaneously instead of
the conventional approach of sequentially
analyzing a few studies, which then usually can-
not be merged into a coherent model that can be
evaluated for man.

B. Physical and Biological Conditions That

Affect Death
Myelopoiesis is the processes whereby a

marrow stem cell divides in order to maintain
the homeostatic population of stem cells and to
supply differentiated cells to blood, bone, and
thymus/lymph. Myelopoiesis is strongly depen-
dent upon species and may vary to a lesser
degree within individuals or strains. Myelo-
poiesis occurs rapidly in small mammals and more
slowly in large mammals. The rate within an
individual also varies according to homeostatic
equilibrium or the need for compensatory cell
proliferation to repair tissue injury. Figure 1
is an illustration of the species variation of
myelopoisis (Bond et al., 1965).

From Fig. 1 it is seen that new cells in
rat can be observed in the blood within about 3
days following exposure, whereas in man the time
increases to about 8 days. Also, cell turnover
is more rapid in the smaller species. Blood
cell counts reach nadirs at shorter times in the
small species so that large species survive
longer after low lethal doses. But, because of
rapid cell removal kinetics, the smaller species
can survive higher sublethal exposures.

Thrombopoiesis results in production of
megakaryocytes that secrete platelets, which are
essential to prevent hemorrhage. As seen in
Fig. 2, fully differentiated megakaryocytes are
produced in about 7 days and have a mean
life span of about 10 days in peripheral blood
(Szirmai, 1965).

During thrombopoiesis. megakaryoblasts can
increase in number, and this amplification is
also common in processes of erythropoietis and
granulopoiesis (Szirmai, 1965). These partially
and fully diffezentiated blood cells are more
radio.resistant than the stem cells so that, at
doses that are just adequately lethal, time to
death may be extended through amplification of
surviving cell populations. However, lympho-
cytes (which amplify their numbers greatly
within peripheral blood) are quite radiosensi-
tive. As the magnitude of the lethal dose is
increased, the survival time is shortened
greatly; death results when lymphocytes are kil-
led instead of when stem cells are unable to
match the homeoststic demand for new cells.
Burros have been found to be quite radiosensi-
tive and die within just a few days following
superlethal doses of radiation. Death of lym-
phocytes may help explain why burros are extra
radiosensitive and may die in 5-10 days whereas
most hematologic mortality in other large
animals is seen at times greater than 10 days.
Of course, 5-10-day survival times may be obser-
ved in all other species if the treatment dose
is sufficiently large.

RatUosensitivity is directly related to
cell cycle kinetics. The typical cell cycle is
illustrated in Fig. 3. When the need for new
cells is low (or zero), cells cease prolifera-
tive activity and are commonly referred to as
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Fig . 1 . Variation of myelopoies i s by s p e c i e s . (Reference: Bond e t t l . ,
1965.)
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Fig. 2. Prooeis of thronbopoietit in nan.
(Reference: Szirnai, 196S.)

being in a retting or Go itate. At seen in
Fig. 3, a cell with the noraal aaount of nuclear
DNA ii *>id to be in the Oi ttata (i.e., aitotio
inactivity gap with diploid DNA). Following
thi* 12-hour period new DNA ia eyntheaixed. and
the cell drop* into an inactive atate with
tetraploid DNA preceding binary fission into two
new cell*.

AK illustrated in Fig. 4 (Case I), aany
radiogenic lesions in non-dividing DNA have a
high probability of repair because the enzjraes
can read the coapltaentary strand of DNA and
repair the damage site before the DNA helix
separates and a new helix of DNA is synthesized.
In each new cell, a DNA helix contains one new
and one old strand of DNA. As seen in Case II,
radiogenic lesions immediately preceding DNA
synthesis have a very low probability of repair,
so that it is likely that one of the daughter
cells is killed or functionally altered. For
most practical considerations, DNA repair ceases
when the nuclear DNA replicates. However, about
half of the daaage can be repaired within 1 hour
preceding replication. Thus, in 4 hours between
synthesis and aitoais the residual damage could
be reduced to about (1/2)4, o r 6 % a Cells can be
killed by damage to other organelles auch as
mitochondria or membranes, but cells can be ten-
fold aore resistant during interphase periods
than during aetaphase periods.

It ic obvious that a great aany physical
and biological factors can affect intracellular
lesions, cell death, and, thus, death of the
animal. Important physical factors commonly
include: type (or LET) of radiation, dose
level, dose rate, fractionation of dose with
time, do»» distribution within the marrow, etc.

Important biological factors that affect
intracellular lesions, cell death, and death of
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Fig. 3. Cell cycle for hematopoiesis. (Reference: L«jth», 1957.)

the animal include: DNA content per cell; tine
periods of various phases of the cell cycle
under different in vivo conditions; sensitivity
of the individual, strain or species to infec-
tion and/or hemorrhage (physical conditions can
host the opportunity for infection); capacity of
the animal for compensatory repopulation of pla-
telets and granuolocytes; etc.

II. METHOD

Lethality data were collected from many
different animal studies. Experiments selected
to evaluate the model were restricted to
penetrating photons and any combination of body
size and irradiation geonetry that resulted in a
nniform dose profile to all parts of the active
narrow. A total of 224 different Mortality stu-
dies were included in the data base. Data
included: 13 different species; body weights
from 25 g to 375 kg; sheep, goats, swine, and
calves with body weights near man (i.e., 70 kg);
radiation sources of 6 0Co, 1 8 2T», 9 5Zr, atomic
bombs, and X rays from several voltage poten-
tials and many different moderating materials;
and exposures from bilateral, multiple sources,
unilateral, rotational, free-moving animals, 4n,
and quadrilateral geometries, as long as the
dose was uniform over the active bone marrow.

Typically, physical factors can be quanti-
fied or ordered on a numerical scale. But
biological factors vary with species, strain,
age, etc. , and with the composite force from the

collection of other biological and physical fac-
tors. Most biological factors can be treated as
"classification" type variables in a regression
analysis but usually cannot be quantified.
However, the variance in the data set resulting
from classification variables can be quantified.
Regression analysis methods were used to quan-
tify how much variance is left in the data set
after physical factors are considered. Then, re
evaluated how much of this variance can be due
to individual "classification" variables (such
as species) and, finally, how much of the
species effect is left unaccounted for after
body weight is considered.

Within each species, a model that linearly
related the log of LD50 to the log of dose rate
fitted the data fairly well. Across species,
the slopes of these lines were relatively con-
sistent, but their intercepts differed signifi-
cantly. As evidence of this, a nodel fitted to
all data with a single intercept and slope
accounted for less than 1% of the variation in
the data (R2 < 0.01). A model that included a
separate intercept for each species but only a
common slope for the log of dose rate accounted
for 84% of the variation; a model that allowed
separate intercepts and slopes for each species
improved this only slightly, to 86%. Further-
more, when intercepts were fitted for each
species, there was a clear inverse relationship
between species body weight and the value of the
intercept (heavier species had relatively higher
response values at a given dose rate). In fact.
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Fig. 4. Simplified schematic of intracel-
lul ir lesions.

a model that contained a single intercept, a
tern for the log of dose rate, and a tern for
standard body weight accounted for 64% of the
variation in the data.

In consideration of the above, a two-stage
model was adopted.

Stage 1: For species i, a model of form

[logio(IJD50)Ji ~ <»i + P*logio(dose rate)
+ Y'l°glO(body weight)i + e

was used, p and y are regression coefficients
assumed to be valid across species, aj. i s an
intercept specific to species i , and e
represents experimental or unexplained error in
the reported values of logio(LDso). assumed to
be distributed with mean zero and variance a 2 .

Stage 2: Across species, <zi was assumed to
be distributed with mean a and variance 6 2 .
This random intercept can be thought of as a
species effect, after correction for species
body weight. In order to use the model to
predict results for a species not included in
this data set ( e . g . , man), i t was assumed that
the applicable value of a± would be a new (unob-
served) value from this same distribution.

Using a computational technique described
by Laird and Ware (1982), maximum likelihood
estimates were calculated for the parameters of
the model as follows:

o = 2.743
(5 = -0.070
T = -0.161
S2 = 0.0096
62 = 0.0194

So, a point estimate of the LD50 for an unspeci-
fied or new species i s

estimated LD50 = iol«+P- l o810(d°se rate)
+ ?#logio(body weight)]

estimated LD50 = lO^2-7 4 3 " O.701ogio(dose rate
- 0.1611ogio(body weight)].

For man, a species having a 70-kg body weight,
this reduces to

estimated LD50 = 281 (dose ra te )" 0 - 0 7 0 .

A common slope of -0.070 was used for al l
species, and the intercepts ( i . e . , a i ' s ) are as
follows: mouse (2.946), hamster (2.925), rat
(2.875), guinea pig (2.508), rabbit (2.967),
primate (2.782), dog (2.493), goat (2.490),
sheep (2.393), swine (2.500), Ban (2.743). burro
(2.410), and catt le (2.205). Thus, mouse, ham-
ster, rat, primate, dog, swine, goat, burro, and
catt le seem to demonstrate a consistent mono-
tonic relationship with body weight, but sheep
and guinea pig are more radiosensitive than most
other species and rabbit is more radioresistant,
on a relative basis.

These formulae are compared with the exper-
imental data, sorted according to species, in
Fig. 5. It should be remembered that, although
the experimental data in Fig. 5 reflect many
other biological and physical variables, only
one equation was used for al l species. However,
the model seams remarkably accurate for each
species. This consistency is unique (Baverstock
et a l . , 1985) and offers almost unlimited poten-
t ia l to model human response from the extensive
data basis available on test animals.

The midlethal dose for man plotted against
dose rate i s given in Fig. 6. Marrow dose was
converted to tissue kerma in air according to
Jones (1977). The equation for man [viz,
281/(dose ra te ) 0 - 0 7 ] was solved for midlethal
dose for continuous dose rates given in 1
minute, 1 hour, 1 day, and 1 week. Results are
in Table 1.

III. DISCUSSION

Baverstock et a l . (1985) analyzed animal
data but did not use a dose-rate dependent
model. Instead, they selected exposure times of
one hour or l e s s . They found a lack of homo-
geneity within species. However, according to
our analysis, the LD50 given in one minute i s
about 190 rad to marrow, and the LD50 given in
one hour is about 250 rad. These estimates are
for a 70-kg body weight; the spread could be
considerable larger for smaller species with
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F i g . 5 . Comparison of the s t a t i s t i c a l dose -ra te Modal with experimental
data fox nine s p e c i e * .

f a s t e r m i t o t i c r a t e s . The aodel of Saverstock
e t a l . did not d i scr iminate between dose r a t e s
when exposure times were short compared with
c e l l u l a r turnover t i a e s ( i . e . , d o s e - r a t e s above
10 8 / n i n were considered e q u a l ) . However, for
low LEI r a d i a t i o n (which was being modeled) ,
enzrmatic repa ir must a l s o be considered. Such
repa ir has been found to be s i g n i f i c a n t in t imes
much shorter than c e l l turnover times (Terzaghi
and L i t t l e , 1 9 7 5 ) . Thus, the Baverstock e t a l .
model does not seem w e l l s u i t e d to analyze expo-
sure i n t e r v a l s ranging from one minute to one
hour. l a a d d i t i o n , we have made e s t imates of
dose to marrow upon which our model i s
eva luated . Although the Baverstock e t a l . aodel
was evaluated twice—once i s t erns of exposure
and again i n a i d l i n e t i s s u e dose—no attempt was
made to es t imate marrow dose . Because of these
significant differences in the two aodels and
because of our much larger data base, i t seems
that our model has found a coherent pattern in
interspecies LD50. Experiments using low LET

exposures (to al l species) that resulted in uni-
form marrow dose a l l seem compatible with a sim-
ple interpolation model based on dose rate and
body weight.

IV. CONCLUSIONS

There is no unique or practical LD50 for
nan because mortality varies strongly with dose
rate and with several physical and biological
factors. The NCRP LD50 in air may be about 25%
too high, and the NCRP marrow LD50 may be about
60% too high—excellent agreement considering
what was known in 1949 when the NCKP value was
promulgated. Mole's LD50 in air (Mole, 1984)
seems about 70% too high, and his value for mar-
row seems about 130% too high. However, Mole's
mortality curve has the correct shape because he
derived i t from the animal dtta in the method of
Jones (1981) ( i . e . , treatment doses were normal-
ized to a multiple of the LDjo for that particu-
lar experiment).
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•odel derived from animal data.

Rotblat's LDso (NAS, 19:55) seens about 20*
too low, bat the slope of his nortality curve is
fivefold too flat (Jones, 1981; Mole, 1984).

Lushbaugh's estimate of 281 rad to •arrow
for dose rates between 0.75 and 1.6 R/min seeas
acceptable. The mathematical model based on the
animal data (ires 281 rad for 1 R/min and a 70-
kg body weight (Luihbaugh et al., 1967). If
Lushbangh had not included the seven Y-12 vic-
tims, who were exposed to high dose rates, with
his 93 patients treated at a low dose rate, his
LD50 estimate would probably be a bit higher
than the published value of 281 rad.

The United Nations Scientific Committee has
undertaken a recent analysis of horn an mortality.
Although that analysis has not been finalized,
the analysis described in this paper and our
previous experience support several important
issues discussed in the UNSCEAR 1982 report.
Those issues include:

* differences in effects doe to different
photon energies are considered to be negli-
gible (p. 572),

* sublethai damage can normally be repaired
in a few hours (p. 573),

* Tor a variety of different types of treat-
ment, different dose rate and LET, the
reduction in the proportion of surviving
cells resulting in 50% death of the mice
was the same for all treatments" (p. 573),

* there is little or no enzymatic repair
above 100 rad/min (p. 575) so the LDjo
should be constant at dose rates above 10^
or 103 rad/min.

Conclusions presented in this manuscript
are expected to be firm, but numerical results
presented at this time are subject to small
changes when a final reporting of this study is
made in 1987. Because of the success of this
exploratory statistical model, a comprehensive
effort is now under way to collect data on all
individual dose treatment groups that contribu-
ted to the 224 different LD50 values analyzed in
this study. Also, other studies are being added
to the data base. This more comprehensive data
base will be analyzed for mortality response as
a function of treatment dose expressed as multi-
ples of the LD50 value appropriate for a parti-
cular study. Thus, a universal mortality func-
tion will be derived (Jones, 1981), and 95% con-
fidence limits will be evaluated.

When that effort has been completed, the
body weight of man and different dose rates of
interest can be used to calculate tables of
dose-response values.
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Radiation Carcinogenesis Following Low-Dose
or Low-Dose-Rate Exposures

R. L. Ullrich

ABSTRACT. A variety of dose responses have
been observed for cancer induction following
low linear energy transfer (LET) radiation. In
general, however, the response Is curvilinear,
with a rapidly rising component in the inter-
mediate dose range followed by a plateau or
decline in incidence at high doses. The res-
ponse is more linear at low doses, whereas the
response at intermediate doses is approximated
by a dose-squared relationship. Models for
this response are based on the biophysical
theory of cellular effects. However, many
types of effects contribute to the tumorigenic
processes, and host factors play a major role.
At low dose rates the carcinogenic effect is
generally reduced, which is caused by a ditnuni-
tion of the dose-squared component and results
in a linear response. Effects of fractionation
can vary with total dose, fraction size, and
fraction interval. High LET radiation is more
tumorigenic. The dose-response relationships
are more nearly linear and are less dose-rate
dependent. The relative biological effective-
ness (RBE) varies with dose, dose rate, frac-
tionation, and target tissue.

The primary risk of exposure to low doses
of radiation is cancer induction. While most
exposures to radiation occur at low doses or
low dose rates, most information on the carci-
nogenic effects of radiation for human popula-
tions is for high dose and high dose rate ex-
posures. Statistically reliable information at
low doses is very difficult to obtain because
of the sample sizes required to detect increas-
ed cancer risks which are small compared with
the total cancer risk in the population,, Since
it is not possible to measure directly effects
at low doses and dose rates, estimates of risk
are based upon extrapolation by use of mathema-
tical models of the dose response relationship
(Upton, 1977). The two models most often ap-
plied are either a linear model or a linear
quadratic model. Although the question of dose
response models is fundamental, available human
data are insufficient to allow a choice between
these models and estimates of risk can vary
depending upon the model used.

The linear quadratic model has as its basis
biophysical concepts of radiation effects within
cells (Kellerer and Rossi, 1978; Kellerer and
Rossi, 1972). Biophysical theory proposes that
effects at the cellular level are a result of
the interaction of two sublesions within the
nucleus. These sublesions can be produced inde-
pendently by two ioniEation tracks or, when
sufficient energy is deposited, by a single
ionization track. For low-LET radiation in the
intermediate dose range the sublesions are gene-
rally produced by two independent tracks in
close proximity in time and space, thus the' re-
sponse increases with the square of the dose.
When the dose is low, the probability of two in-
dependent tracks passing in close enough proxi-
mity to produce interacting sublesions is re- ;
duced. At these low doses the dose-squared
response is absent and the response is linear.
This linear response is a result of the produc-
tion of both sublesions by a single ionization
track. For high-i.ET radiation the two sub-
lesions are theoretically produced by a single
track over a wide dose range because of the
dense nature of the ionization events. As a
result of this, effects on cells show a linear
relationship with dose. While this model appears
to be adequate for many cellular effects, its
applicability to tumor formation is less clear.
It should be appreciated that this model is
based on the induction of initial cellular events
but may not be adequate for the complex, ap-
parently multistage process of carcinogenesis.

Animal studies have been useful in examin-
ing the question of low dose and dose rate
effects. In studies with low LET radiation a
variety of dose responses have been observed
ranging from those with a threshold to those in
which the response appeared linear (Fry, in
press; Ullrich and Storer, 1979a; Ullrich and
Storer, 1979b; Ullrich and Storer, 1979c; Ull-
rich, 1983). In spite of this range of re-
sponses, in most instances the dose response has
been found to be curvilinear. These curvilinear
dose responses can generally be described by a
linear-quadratic regression equation in which
there is a rapidly rising (dose squared) compo-
nent in the intermediate dose range and a more
shallow (linear) component in the low dose range
(see Figure 1).
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While current models of dose response em-
phasize initial cellular events, many types of
radiation effects can contribute to the process
of tumor development. Some effects may play a
role at the level of initiating events, trans-
forming a normal cell into a cell capable of
forming a tumor. Other effects, some operating
at the cellular level and others at tissue,
organ, or systemic levels, influence whether the
carcinogenic potential of transformed cells is
realized by modulating their expression. In
fact, it may be that host factors play a major
role in determining the expression of initiated
cells. This suggestion is supported by obser-
vations in experimental animals. The incidence
and spectrum of tumors in different strains of
mice vary widely in nontreated and irradiated
animals. Susceptibility to radiation within a
strain varies with both age and sex and can be
altered by environmental or endocrine manipula-
tion.

In experimental studies, when low-LET radi-
ation exposure occurs at a low dose rate, the
carcinogenic effect of the radiation has been
found to be reduced in virtually every instance
(Ullrich, 1980; Ullrich and Storer, 1979b;
NCRP, 1980; Ullrich, 1983). The primary effect
of lowering the dose rate has been found to be
a reduction of the effect in the intermediate
dose range. This reduction diminishes the quad-
ratic component of the dose response as would be
predicted by assuming dose squared terms come
from interacting independent events and makes
the response shallow and more nearly linear over
a wide dose range. In those instances in which
it has been examined, the slope of the linear
response following low dose rate exposures and
the slope of the linear component from the
linear quadratic dose response following high
dose rate exposure have been found to be the
same (see Figure 1).

When the radiation dose is fractionated the
effects on tumor development can vary depending
upon the total dose and the fraction size. If
the dose/fraction is a dose which is on the
predominantly linear portion of the dose re-
sponse curve the response is similar to that
following low dose rate exposures. If the dose/
fraction is in a region where the quadratic com-
ponent predominates the response may be similar
to, or in some Instances greater, than that for
a similar single dose. This is illustrated in
the following table:

Table 1

Incidence of lung tumors after a 2 Gy
dose delivered as acute fractionated

or protracted exposures
Exposure Regimen Observed Incidence

High Dose Rate

Low Dose Rate

Low Dose Fractions

High Dose Fractions

38.6%

21.3%

32.92

High LET radiation (e.g., neutrons) is more
carcinogenic on a dose for dose basis than low
LET radiation (Upton et al., 1970; Ullrich et
al., 1976; Ullrich et al., 1977). Recent data
for tumor induction indicates a linear dose
response following high LET radiation over the
0 to .25 Gy dose range (sometimes 0-.5 Gy). At
higher doses the dose response tends to bend
over. Because of tiie quadratic nature of the
dose response in the intermediate dose range for
low LET radiation and the linear response for
high LET, the relative biological effectiveness
(RBE) for high LET radiation increases with
decreasing dose to a point where the low LET
response also becomes linear (Fry, in press).
At this dose level the RBE becomes constant.
The value for this constant RBE for tumor induc-
tion varies with tissue. The carcinogenic ef-
fects of high LET radiation have generally been
found to be less dose rate dependent than for
low LET radiation. Dose rate independence is
expected for cellular effects assuming that
effects are produced by single tracks. Re-
cently, however, data has suggested an enhanced
tumorigfcnic effect following low dose exposures
in certain tissues even at low doses (Ullrich,
1984). The general applicability of this ob-
servation is not known at the present time.
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A National Emergency Medical Assistance Program for
Commercial Nuclear Power Plants

Roger E. Linnemann, M.D, and Mary Ellen Berger

ABSTRACT - Radiation Management.
Consultant's Emergency Medical Assistance
Program (KMAP) for nuclear facilities
provides a twenty-four hour emergency
medical and health physics response
capability, training of site and off-si to
personnel, and three levels of care for
radiation accident victims: first aid and
rescue at an accident site, hospital •
emergency assessment and treatment, and
definitive evaluation and treatment at a
specialized medical center. These aspects
of emergency preparedness and fifteen years
of experience in dealing with medical
personnel and patients with real or
suspected radiation injury will be reviewed.

Radiation injuries are classified
according to those resulting from excessive
exposure, those resulting from
contamination and those resulting from
combined exposures with or without trauma
or serious illness. The contaminated and
injured or seriously ill patient presents
the only unique administrative and
operational problem for emergency
treatment. The proper management of these
patients involves the use of procedures not
normally utilized in emergency
departments. Because of hhis, special
planning, training and practice are
necessary so that emergency care can bo
delivered without spreading contamination.
Persons sustaining external exposure
injuries can be evaluated and, if
necessary, treated in the normal setting of
an emergency room. However, the definitive
evaluation and treatment of individuals who
have received serious external exposures
can tax the most advanced medical center.

Because of the infrequency of accidents
and the complexity and cost to provide a
complete medical program for the evaluation
and treatment of radiation injuries,
Radiation Management Consultants (KMC)
established an Kmergency Medical Assistance
Program (EMAP) in 1970 to serve the
commercial nuclear industry. This program
is based on a regional approach to the

management of radiation injury, with three
levels of care: first aid and rescue al
the nuclear facility, emergency treatment
at a nearby hospital, and definitive
evaluation and treatment at a largo medical
center. Unlike many medical emergencies,
the clinical manifestations of radiation
injury unfold over time - usually days to
weeks. Consequently, patient care can bo
carefully managed and controlled at each of
these 3 levels without impairment ur
detriment, to the treatment and recovery of
the patient. The nature of radiation
injury is such that at each level of care
priority can he given to more
1 ife-threatening trauma or illness that may
accompany the radiation injury.

KMAP is a nationwide program
coordinated and directed from RMC's offices
in Philadelphia and Chicago. Currently it
covers 21 nuclear power plant sites owned
and operated by ?.O utilities in 13 states
across the country. RMC's KMAP stnfr
includes full-time professionals in
radiation medicine, nursing, health
physics, radiochomistry, environmental
science and emergency medical services.

A specialized accident radiobioassay
laboratory, including mohile whole body
counters, is available at both offices to
assist the staff in dose evaluation and
patient management. Associated with this
in-house accident response capability are
two definitive clinical care centers:
Hospital of the University of Pennsylvania
in Philadelphia and Northwestern Memorial
Hospital in Chicago. KMAP maintains its
close affiliation with these centers
through staff appointments, teaching
responsibilities and membership on the
respective centers' Radiation Accident
Coordinating Committees. In addition, the
two offices maintain and exercise the
twenty-four hour availability of a
Radiation Kmergency Medical Team (RKM-Team)
that can bo dispatched to a plant site or
local hospital to assist in the initial
evaluation of the patient(s) and in the
orderly transfer to one of the clinical
care centers. A typical REM-Team consists
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of a radiation medicine physician, a
certified health physicist, and radiation
technicians who arc supplied with emergency
instrumcnlation. A calibration laboratory
is maintained in Philadelphia to insure
that instruments are properly calibrated
and functioning at all limes. A
twenty-four hour "hot-Hue" connects each
participating site and associated hospital
throughout i he country with the uffic.es in
Chicago and Philadelphia. KMAT'
participants are encouraged to use this
line to obtain advice and/or assistance
anytime a radiation injury occurs. RMC has
long recognized that even minor problems
can sometimes have medical-legal
signficance.

In addition to providing a centralized
emergency response capability, the 10MAI'
staff assists personnel at nuclear power
plant sites and associated hospitals in
establishing and maintaining preparedness
at the local level. This assistance
includes the development of procedures,
design of facilities, placement of
equipment and supplies, training of
personnel at plant sites in first aid and
fescue of radiation accident victims,
training ambulance service personnel in
transportation; and training local hospital
personnel in emergency treatment. To the
extent possible, procedures, equipment and
supplies are standardized at all sites.
Specialized equipment has boon designed to
facilitate treatment and decontamination of
patients while controlling the
contamination to a designated area of the
hospi tal.

Preparedness is maintained at all
levels of care through training and
drills. Since 1970, KMAP has conducted
over 500 drills and exercises. This
includes the development of scenarios,
moulaging accident victims and evaluating
and/or controlling the drillr,. Most of
these drills are videotaped from the
beginning of the simulated accident in the
plant to the completion of the drill at the
hospital. These video tapes arc used in
the critique at the hospital immediately
following the drill and are subsequently
edited with narrative for use by the plant
and hospital personnel for interim training.

Because of KHAP's emphasis on
providing the best patient care in the most-
effective manner possible, the entire
program is further strengthened and
coordinated through annual medical seminar;:
and an educational newsletter,
"Curie-Osity", special medical staff
lectures, periodic meetings of the EHAP
professional staff and monthly
communication checks. The annual medical
seminar, sponsored by one of the definitive
clincial care centers, focuses on
occupational health and current issues
affecting emergency medical planning. This
seminar provides an opportunity for medical
staff and plant health physics personnel to
exchange ideas and learn about recent

accidents and developments in patient
evaluation and can'.

During the past 10 years RMC has
evaluated and, when necessary, treated more
than 300 individuals with real or suspected
radiation injuries. Not all these patient::
were from commercial nuclour power plants.
In fact, only one of the paticnLs requiring
medical evaluation and treatment for
overexposure came from a nuclear power
plant. Most of those individuals had
radiation injury due to industrial
radiography or medical radiotherapy
sources. (One of the patiunis undergoing
treatment, for example, received 100,000
rads to his thumb and two fingers over n
period of eight years.)

Because of major involvement with
nuclear power plants, KMC's personnel have
developed considerable expertisn in dealing
with external and/or internal contamination
problems. I'robably the most complex
contamination problem occurs when an
individual becomes ill or is injured in A
contaminated area of a nuclear facility,
fifty-nine incidents such as this hove
occurred in which patients were taken from
a nuclear power plant to a nearby hospital
for emergency treatment, eighty-one
percent of these cases involved injuries
typical of those occuring in other heavy
industries. These included falls (381),
injuries due'to lifting and turning (197..),
injuries caused by machine tool use 0%),
injuries caused by chemical explosion/blast
(6%) and others (9%). Contusions,
lacerations, puncture wounds, open and
closed fractures, soft tissue injuries,
blast injuries, burns, eye injuries, skull
fractures and central nervous sytems
injuries have bean some of the results of
these accidents. The most serious injuries
have been due to falls. These have
resulted in two deaths and two instances of
paraplegia (i.e., paralysis of the lower
body).

Nineteen percent of incidents involved
serious illnesses of endogenous and
exogenous origins. In three instances
individuals required treatment for cardiac,
problems. Problems associated with
diabetes led to another needing hospital
emergency treatment. Two deaths occurred
both due to heart attacks. Illness of
exogenous (environmental) origin is not
uncommon, and severe heat stress is the
chief culprit.

Personnel illnesses occurred
"round-the-clock", while the majority of
serious injuries occurred during
off-hours. Protective clothing and
respirators were implicated in accident and
illness causation in several instances.
(Loose clothing can be caught in rotating
machinery, can lead to tripping, and
contributes to retention of body heat, in
addition, peripheral vision is lost with
some respirators.)

Most of the accidents or illnesses
that occurred in contaminated areas
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involved only one patient. Twenty percent
of the instances involved two patients, but
in no case were more than two individuals
involved. In these incidents, the highest
level of Contamination on a patient was
20mR/hr. The highest level of attendant
exposure from handling these patients was
14mR received over a period of two and
one-half hours. In no case did the
contamination compromise patient care. In
no case was contamination spread beyond the
controlled area in the hospital. Patients
were taken to the hospital because of their
injuries or illness - not because of their
contamination (which tended to be at
"nuisance" levels).

Although no serious radiation injuries
occurred at TMI, RMC's KMAP provided needed
assistance during and after the accident.
Support was provided in laboratory
analysis, whole body counting, counseling
employees and their families, as well as
members of the public.

In order to determine if a "systems
approach" would be effective in the
management of a multi-casualty situation,
the accident at Chernobyl was carefully

studied by RMC personnel. The Russian
medical response 3ystem at Chernobyl
appeared to be well planned. It, too, was
based on a 3 tiered "regional approach",
with on-site care, local support hospitals,
and definitive care centers. It differed
from the EKAP program in that a permanent
staff of physicians, nurses and support
personnel were available in an on-site
"clinic" having 115 beds. Although taxed
by the magnitude of the medical emergency
situation, Chernobyl's two support
hospitals and both of their definitive care
centers responded appropriately to provide
care to the sick and injured.

The strengths of R.iC's KMAP lies in
its full-time, in-house, twenty-four hour
capability to respond and assist plant
sites, local hospitals and definitive care
centers in the complete evaluation and
treatment of radiation injuries, in its
association with large university medical
centers, in its familiarity with personnel
and specifics of nuclear power plants, and
in its fifteen years of experience with
radiation medical problems at nuclear power
plants and facilities.
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Evacuation Behavior in Nuclear Power Plant Emergencies:
An Alternative Perspective

John H. Sorensen

ABSTRACT - It is alleged that the Governor's
advisory at TMI led to spontaneous evacuation and
overresponse. Several researchers have railed
this the "shadow phenomenon." This phenomenon,
however, rests on assumptions that are challenged
by this paper. Instead, it is concluded that
evacuation behavior at TMI was consistent with
our general understanding of human behavior in
disasters. Emergency planners should be more
concerned with underresponse to a nuclear power
plant emergency than with overresponse.

I. INTRODUCTION

Since the accident at TMI, social scientists
have been attempting to predict how the public
would respond to a future nuclear power plant
accident (Perry and Lindell, 1983; Johnson, 1983;
Johnson and Ziegler, 1983; Johnson and Ziegler,
1984). Much of their attention centers on the
issue of evacuation behavior. The central thrust
of the research is directed towards resolving
emergency response Issues. The results of the
research have significant Implications for future
policy decisions concerning the feasibility and
content of emergency planning in the nuclear
industry.

Several questions lie at the heart of this
effort:

(1) How did people behave during the Three Mile
Island accident?

(2) Why did people behave in the manner observed?
(3) Can we infer future behavior based on the

observations at TMI?
(4) What will cause people to evacuate In a

future nuclear power plant emergency?
(5) Are nuclear power plant emergencies a unique

category unto themselves or may they induce
behavior similar to other types of
emergency?

The purpose of this paper Is to present a
different view of this Issue other than that

being currently advanced. In doing so, the paper
attempts to sort out the answers to the
questions. To initiate this debate, a review of
the predominant line of current social science
thinking about evacuation in nuclear power plant
emergencies is presented.

II. THE "SHADOW PHENOMENON" AND OVERRESPONSE

A popular social science view holds that the
experience at TMI demonstrated a unique phenome-
non never before witnessed on such a large scale
in an emergency situation. Researchers labeled
this the "shadow phenomenon" (Ziegler et al.,
1981). Stated simply, this phenomenon Is that
more people evacuated at TMI than was recommended
in an advisory Issued by the Governor of
Pennsylvania. It Is estimated that 144,000
people within a 15-mile radius left the area
(Flynn, 1979). It is pointed out, 144,000 people
within a 15-mile radius left the area (Flynn,
1979). It is pointed out, however, that only
2,500 people met the evacuation criteria set
by the Governor. Those criteria were that the
person either be pregnant or five years of age
and under, and live within a five-mile radius of
the plant. Thus, the conclusion reached is that
141,500 people "overresponded" to the advisory;
that Is, evacuated without being told to do so by
the Governor's advisory. Presumably, the
"shadow" extends for some distance away from TMI,
that distance being established by the presence
of evacuees. Based on this rather arbitrary way
of measuring proper response, it Is concluded
that people will "overrespond" to a nuclear acci-
dent. Overresponse is synonymous with taking
action when no recommendation from an official
source is made. Often this Is referred to as
"spontaneous evacuation." A corollary of the
shadow phenomenon theory Is that spontaneous
evacuation, hence, overresponse will always occur
when a warning is issued for a nuclear plant
accident due to people's innate fear of
radiation. Currently, this theory Is being pro-
moted in interventions concerning emergency pre-
paredness at Atomic Safety Licensing Board
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Hearings on several nuclear power plants. It
is the thesis of this paper that this theory is
misleading and based on unfounded assumptions.
Adoption of this view may actually jeopardize
public safety if an emergency does occur.

III. ASSUMPTIONS OF THE "SHADOW PHENOMENON"

Advocates of the shadow phenomenon rest
their proposition on several assumptions that
are never explicitly defined. These assumptions
warrant Identification

A. The Information Assumption.
For this "overresponse" to occur, it is

implicitly assumed that the Governor's advisory
was the only information reaching the public that
could be validly used to make a decision to eva-
cuate. Since the advisory provides the con-
ditions by which overresponse is measured, it can
he construed that in order to be "rational"
people could only respond to the advisory.

B. The Insider Assumption.
The phenomenon assumes that "overresponse"

is an objective condition that can be measured
using universally accepted criteria. In doing
so it implicitly assumes that the insiders, that
is, the people who are part of the system under
stress, hold the same definitions of appropriate
response as those who observe response after the
emergency. It also assumes that insiders define
risks and risk levels in the same way as the out-
siders.

C. The Knowledge Assumption.
The shadow phenomenon assumes that the

language for presenting the critarla and inform-
ation in the Governor's advisory were compatible
with the knowledge systems of people receiving
the Information. That is, people knew where the
5-mile radius was, people could distinguish the
health risk to pregnant versus non—pregnant women
and could comprehend the use of five years of age
as an evacuation criterion.

B. The Individualism Assumption.
The shadow phenomenon assumes that people

make decisions and behave as individuals within
an undifferentiated social space. That Is, that
social groupings play no role In behavioral
response to an emergency.

How valid are these assumptions? In the
next section I attempt to provide an answer to
this question by addressing some of the basic
questions posed in the Introduction to this
paper.

IV. ANALYSIS OF THE ASSUMPTION

A. The Information Assumption.
While it is true that more people evacuated

than was recommended by the Governor's advisory,
their actions are consistent with scientific
knowledge on how people behave in disasters.
People at TMI responded to information available
to them at that time, and their behavior is
understandable given the nature and content of
that Information.

First, the Governor's advisory did not tell
the entire population what to do, only a specific
subgroup. Without information directed at other
groups not included in the pregnant women and
small children categories, It Is quite Inaccurate
and misleading to say that people "did other than
what the Governor's advisory suggested." Without
information from the Governor they acted on the
basis of other information. Support for this is
found in the NRC telephone survey (Flynn, 1979).
Only 14% of those who evacuated said that the
Governor's advisory was critical in making their
decision. Thus, they made decisions on the basis
of other factors.

Of the families that did not evacuate 71%
stayed because they were not told to leave.
Thus, many who stayed were waiting for guidance
from official sources, and many who left acted
on sources of information that filled the gap
created by the lack of information in the
advisory. Had the Governor's advisory given
information to other groups of people, a differ-
ent pattern of response would have likely
occurred.

The theory of spontaneous evacuation assumes
that the Governor's advisory was the only infor-
mation people acted upon. This simply was not
the case. According to the NRC survey the major
piece of information that was critical in deciding
to evacuate was the situation with the hydrogen
bubble (30%). People did not behave contrary to
the advisory, but acted on the basis of their
situational perceptions of the accident.

Further evidence that raises questions about
the validtty of this assumption Is provided by a
study of news media coverage of the accident
(Stephens and Edison, 1982). The data In the
study by Stephens and Edison show splits in both
local and national news coverage between
reassuring and alarming statements on a range of
safety issues including emergency preparedness,
evacuation, radiation exposure, reliability of
Information, plant conditions, the chance of a
meltdown, and the hydrogen bubble. Some news
sources were stating the need for a "total
evacuation of the immediate area" and many empha-
sized the likelihood of an explosion or
meltdown.

Furthermore, people were exposed through the
media to the discustsons of other recommendations
and advisories by various officials. For example
on Thursday, March 29, the second day of the
accident, a radio announcer mistakenly Inter-
preted an Interview with Dr. Steinglass of the
University of Pittsburgh as an order for pregnant
women and preschool children to evacuate rather
than a cautionary recommendation. Friday
morning, the Dauphin County Civil Defense
Director Informed the public that an evacuation
could be ordered; however, directions on where to
go and what to do also accompanied the statement.
That same morning the Governor made a 10-mile
sheltering recommendation. Later in the day the
official evacuation recommendation was made. On
Saturday, the Nuclear Regulatory Commission
(NRC), one of the most credible Information sour-
ces on the accident, went on record in a news
conference that a 20-mile evacuation order was
being considered.
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In light of this evidence, the Governor's
advisory is a poor standard by which to judge the
appropriateness of response and was fairly
limited in its influence on evacuation behavior.
People responded to the range of information in
the system. Furthermore, it appears that It was
the uncertainty of the information that encour-
aged evacuation and not deep-seated fears of
radiation.

B. The Insider Assumption.
The preceding argument underscored the

inappropriateness of using arbitrary criteria to
judge behavior. Even if the imposition of a
5-mile/pregnant women and small children cri-
terion is accepted as valid, the shadow phenome-
non still assumes that the response of the people
to a disaster can be judged as being correct or
incorrect by people who did not experience the
disaster. This outsider, however, has different
information than the insiders did at the time of
the emergency. Often the situational factors
that may lead to evacuation cannot be captured in
the research methodologies used to measure and
understand behavior. Risk perceptions of the
outsider do not necessarily mesh with those of
the insiders-

Rome empirical support for the questionable
validity of this assumption is provided in a
follow-up study of the TMI residents (Houts
et al., 1980). In a reinterview of a sample of
people drawn from the NRC survey sample, respon-
dents were asked if they would evacuate if a
similar accident occurred. The percentage of
people indicating they would evacuate was similar
to the actual levels of evacuation behavior in
the accident. If people had thought they had
overresponded we would have predicted much lower
percentages for response to this behavioral*
intent question. It seems likely, therefore,
that researchers who judged people to be over-
responders simply failed to appreciate the
cultural and social context of the emergency. At
the time TMI presented distinct risks with great
uncertainties. To use an analogy, if the possi-
bility of a dam failure confronted flood plain
occupants would it be valid to label people
making precautionary evacuations as
"overresponders" when the dam did not fail?
Would It be due to deep-seated fear of water?
Unlikely. The mystique of radiation to
researchers is probably far greater than for
excess precipitation.

C. The Knowledge Assumption.
The shadow phenomenon assumes that people,

in arriving at an evacuation decision, understood
the context of and basis for the Governor's advi-
sory. Research shows, however, that the public
has a poor technical grasp of nuclear power and
ionizing radiation concepts (Reed and Wilkes,
1976). Furthermore, the public generally fails
to even distinguish between various stages of the
fuel cycle or between peaceful and military
applications of fission technology (Lindell
et al., 1978). Thus, it is difficult to believe
that the public would grasp the full meaning of
differentiating two high risk groups in the evac-
uation, recommendation. While it may be of
societal value to protect pregnant women and

children, It usually is used as a means of
prioritizing protection and not to exclude other
groups from a margin of safety.

Furthermore, while it is much more likely
that people understand the concept of "miles" of
distance, it does not necessarily follow that
they are always good estimators of distance or
view the five miles as a precise boundary.
Considerable research has been conducted on how
people perceive their environments and spatial
organization of these environments (Golledge and
Moore, 1976; Saarinen, 1976; Rapoport, 1977;
Lynch, 1960). One finding from these studies Is
that people are often poor estimators of distance
and, certainly, variable In the way they bias
distance estimates. Moreover people do not
always organize space in terms of concentric
radii. Rather they use roads, landmarks, natural
boundaries and other natural and human features
of the landscape as reference points. In addi-
tion, it is unlikely that even with a good
reference point for the five-mile boundary, the
radius was judged by people to be a fixed or
accurate barrier. People may not perceive that
airborne radiation would somehow obey this arti-
ficial designation of a barrier that the Governor
implied was intransverslble by radiation.

D. The Individualism Assumption.
The shadow phenomena assumes people will

evacuate as individuals and not in a larger
social context. This simply Is not borne out by
a large range of evacuation studies in a variety
of disasters. The propensity of most people Is
to evacuate In a group context (Drabek, 1969;
Drabek and Stephenson, 1971; Perry et al.,
1981;). For example, the Drabek studies indi-
cated that of families intact during a flood
disaster, 92% evacuated together and 64X of those
apart evacuated after reuniting. In other
situations people also behave In a collective or
group context that does not necessarily Involve
families but friends, neighbors, or strangers as
well (Gruntfest, 1977).

In the case of TMI It Is difficult to assume
that people meeting the evacuation criteria
imposed by the Governor would behave as indivi-
duals. A preschool child can hardly evacuate
without assistance; an older sibling would not be
required to stay at home; and husbands and
pregnant wives would be unlikely to part. While
it has been acknowledged that in a family context
there would have been at least 10,000 legitimate
evacuees (Perry and Lindell, 1983), this still
ignores the effects of extended family eva-
cuation, peer group evacuation, and the Influence
of social processes in evacuation.

To gain a better picture of family evacuation
at TMI, we reanalyzed the NRC survey data (Flynn,
1979) to estimate how many households behaved as
family units and how many were fragmented by the
evacuation. The results show that fragmentation
was highest within 5 miles of TMI and decreased
with distance from the plant. This suggests the
evacuation recommendation may have contributed to
more fragmentation than would normally be
expected. Still, the majority of families did
behave as single units. Furthermore, as is docu-
mented, a significant correlate of evacuation at
TMI was having a friend or neighbor do so (Cutter
and Barnes, 1982).
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V. AN ALTERNATIVE EXPLANATION

The evacuation at TMI is largely explainable
in light of scientific knowledge of how people
respond to warnings of an impending threat
(Miletl, 1975; Mcluckie, 1973; Mileti et al.,
1981; Quarantelli, no date). The two major fac-
tors which seem to consistently affect behavior,
regardless of hazard, are the situational percep-
tion of risk and emergency information. The
self-reported data in the NRC survey support this
pattern. The two major reasons cited by TMI eva-
cuees for leaving were "the situation seemed
dangerous" (91%) and "information on the
situation was confusing" (83%). At the time,
people were hearing information that would lead
them to believe their safety was threatened.
They were also hearing vastly conflicting
information about the risks, what was being done
to remedy the situation, and what they should do.
The confusing information was a signal that
emergency managers were not controlling the acci-
dent. Evacuation was a prudent response that did
not need to follow from an "official order." A
sequential or lexiographic model of decision
making in response to warnings provides an alter-
native explanation to spontaneous evacuation due
to deep seated fear of the "shadow phenomenon"
model.

In a simplified form, this model suggests the
following factors play a sequential role in
determining response: awareness of a risk,
belief that the risk is real, personalizing the
risk, evaluating alternative actions, and
deciding on a course of action. At TMI, a
stereotypical pattern of thoughts behind a deci-
sion to evacuace could be characterized as
follows:

(1) A person became aware that a problem
existed.

(2) That person sought more information on the
accident situation.

(3) Information conveyed a sense of personal
threat to that person.

(A) The situation was not only threatening, but
it was unknown whether the hydrogen bubble
would explode.

(5) A good means of protection was to get away
from the reactor.

(6) No other form of protection was seen to be
effective.

(7) The weekend situation gave that person mobi-
lity to evacuate.

(8) Other people were perceived to be
evacuating.

This decision process reflects a normal and
predictable course of behavior. People did not
leave merely because they dread radiation.
Moreover, they did not panic. In fact, the move-
ment was slow and drawn out over a four- or five-
day time frame, hardly what could be described as
spontaneous. In sum, people responded in a way
consistent with the disaster situation that was
conveyed to them.

VI. TMI AND PREDICTING EVACUATION BEHAVIOR

Based on the evidence presented in this
paper, it is certainly possible to use TMI to
predict some patterns of behavior in a future
accident. This is feasible because TMI was not a
totally unique phenomenon. Rather, the patterns
of response were largely consistent with the
general premises of human behavior in emergen-
cies. People behaved in a manner consistent with
the information they received, the situational
perceptions of risk they formed, and the social
context of the accident situation. The notions
of "shadow" and of "overresponse" are largely
unfounded and best interpreted as creations of
researchers rather than any social reality. This
conclusion is both encouraging and disheartening.
The conclusion that human response to a nuclear
accident is basically similar to a range of other
types of emergencies is encouraging because we
know from experience how to issue warnings to
minimize the problems that were experienced at
TMI. While the inherent uncertainty in that par-
ticular situation made emergency management func-
tions difficult, the mere fact that a warning was
issued fails to account for the uncertainty and
confusion. An accident at the Ginna Nuclear
Power Plant outside of Rochester, New York, in
1982 helps underscore the importance of an effec-
tive warning system. Despite a release of
radiation, no evacuation ensued. This can be
attributed in part to the successful response to
the steam tube rupture in which operators
returned the plant status to safety. It is also
attributable to more effective communication
links to the local emergency response network and
the public, and, to the issuance of concise and
credible information. If evacuation behavior in
a nuclear power plant accident were governed by
innate fears of radiation, some evacuation would
have been observed at Ginna regardless of
emergency management effort. Instead, the
warning system served to guide behavior In a
manner consistent with the risks.

On the other hand, our conclusions are
somewhat disconcerting, as well. If emergency
response to a nuclear power plant emergency is
subject to the same problems encountered in other
emergencies, a truly serious accident will result
in huraan casualty. This Is far more likely to
result from failure to heed a warning than from
overresponse. Future litigations over emergency
planning after a serious accident, assuming a
viable: industry, would concern underresponse, not
a sha.low of fear. Emergency planners should take
steps to develop effective warning systems which
seek to minimize both overresponse and under-
response. This is feasible. Attempts to deal
solely wivth a shadow phenomenon could have dele-
terious effects. That shadow is invisible; the
consequence of non-response will not be.
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Warning Human Populations of Technological Hazard

George O. Rogers and Jiri Nehnevajsa

ABSTRACT1 Warning people of an impending hazard
seeks to make them aware of the threat and to elicit actions that
would minimize the dangers to life and property.2 Because
technological and natural hazards differ in important ways, the
alerting and notification process for technological and natural
hazards is also different. One of the differences rests in the
ability of people to detect many natural hazards in a direct
sensory manner; technological hazards often make such
detection more difficult. For example, detection of radiological
releases without instrumentation is nearly impossible, but even
with icrnadoes where warning is notoriously difficult, people are
at leaut able to use their senses to detect the potential for
hazard. Hence, warning for technological hazards is in some
ways more problematic, generally representing a rather rapid
shift from normalcy to emergency. This paper builds on the
significant foundation of natural hazard warning research in
developing a model of warning suitable for technological
hazards. This model specifically examines immediate
cascading, or networking, of the warning signal and message, so
often reported in the natural hazard literature. The implications
for technological and natural hazard warnings systems are
examined.

I. INTRODUCTION

Warning people of an impending danger may be
partitioned into two somewhat distinct aspects. The first deals
with alerting the public that something is wrong, that some
hazard is imminent. The second concerns the ability of
emergency officials to communicate the warning message to
prompt appropriate action. The primary issues of alerting
revolve around the ability to make people aware of the threat.
This alerting often involves the technical ability to develop,
construct, maintain and use a warning system, which may
consist of sirens, bells, whistles, television and radio broadcasts,
telephone systems and even social organization. The primary
notification issues center on the public's interpretation of the
warning message. The interpretation of the warning message is
fundamentally important in the selection of appropriate action in
response to warning. The focus of this paper is on the social
processes associated with alerting the public to potential danger.

Hazards are broadly cast as technological and natural.
Technological hazards are generally characterized by the failure

'The research on which this paper is based was partially supported by the
Federal Emergency Management Agency (Cooperative Agreement No. EMW-
K-1024). The authors accept full responsibility for the contents herein and
gratefully acknowledge the support, comments and criticisms offered by
colleagues at the University of Pittsburgh.

^ e former is the alerting function of warning systems, and the latter
constitutes their notification function.

of a technological system(s). While technological hazards are
generated by human interaction with the environment, natural
hazards may be viewed as "acts of God." Hence, questions of
culpability are often associated with technological hazards. The
developers and operators of the technological system become
legally responsible for the safety of its operation. Such
culpability is seldom attributed to natural disasters. At least for
some kinds of technological crises the potential impact area is
predictable. While even the best meteorologist has difficulty
determining the pathway(s) and point(s) of impact for an
approaching tornado, hazardous facilities that are geographically
fixed, thus there is the advantage of being able to establish
emergency planning zones in proximity of the fixed facility. On
the negative side, at least some technological hazards are less
detectable than any natural hazard. Nuclear exposures, for
example, are not detectable by any of the five human senses,
some toxic chemical releases are similarly undetectable.
However, other technological hazards make possible the use of
many of the same detection criteria as natural disaster threats.
For example, the danger of dam failures is often brought OR by
heavy rains and results in flooding that is detectable by the same
mechanisms as other forms of flooding. This paper focuses on
the social aspect of the alerting process, primarily for hazards of
a fixed, or at least known geographic location. However, the
social principles applied to these fixed geographic locations
apply equally well to other technological hazards and even
natural hazard alerting situations.

II. BACKGROUND

Warning messages pass through a variety of pathways
which may color their meaning. Some of these pathways involve
cognitive functions, others have to do with social structural
considerations. An individual's interactions with others form
social networks. Even though these networks have many forms,
their routine and established nature has led to widely accepted

empirical generalizations about how they function in society at
large (e.g., Parsons 1951, Coleman et al. 1957, Granovetter
1973, Blau 1977) and in particular how they function during
emergency warning. Two general propositions are strongly
supported by the disaster literature (Williams 1964): First, that
people respond to emergency warnings in a context of their prior
experience, extant social and physical environment and existing
conditions which interact with the warning message. And
second, that the degree to which the warning message is
received depends on the nature of the message, taken in the
context of the social network, and the prior behaviors of all social
actors in processing such information. Hence, people in social
networks in specific locations have extant estimates of the threat
presented by the environment in which they live. These
estimates and their experience vector provide the data base from
which the selection of behavior is derived-the decision to
accept, ignore, disseminate, challenge, or confirm the warning
message (Baker 1979).
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No Response

WARNING MESSAGE CONTENT
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Timing, t Location

No-^Null Response

WARNING MESSAGE PROCESSED
Disaster Experience/Proximity

Confidence in Source
Family Members/Structure
Observation/Interaction

THREAT PERCEPTION

BEHAVIOR SELECTION
Do Nothing/Disseminate
Warning/Confirm Warning

Respond to Warning

-St.
EVALUATE BEHAVIOR

Figure 1 - Warning Process

Emergency warnings may result in the recognition of threat
which creates a psychological discomfort. One important
mechanism to alleviate this involves efforts to reduce
uncertainty. The warning process (Figure 1) involves both
factors affecting the message and characteristics of the receiver.
Once the warning is received the content is evaluated in terms of
the certainty and ambiguity of the estimated severity, timing and
location of impact. Essentially, "Is it likely to effect me? When
will it occur?" The evaluation of the warning message results in
the determination of its relevance. If the message content is
deemed irrelevant, no emergency response is likely. However,
should the warning message be considered relevant, the
message is further processed in the context of prior disaster
experience, relative proximity, confidence in the source of
warning, interpretation and discussion with members of the
social network. The warning message is processed in the
context of the existing social structure, which results in, at least,
the initial perception o! threat. The aimulalive process provides
the foundation for the selection and evaluation of emergency
behavior.

The social process which is then triggered also serves to
further disseminate the warning message. When an individual
receives, recognizes, verifies and believes the warning message
and deliberately disseminates it to others in the social network, a
purposive warning dissemination takes place. An incidental
warning takes place when the individual in the process of
seeking confirmation of the warning message, inadvertently gets
in touch with someone who has not been alerted yet. Warning
confirmation and dissemination through the social network helps
warn previously unwarned people, if indirectly, and confirms the
meaning of the original warning for those having received it
previously. "Instead of trying to stop...people [from] calling one
another...ways ought to be found to take advantage of such caiis

so as to improve the dissemination of warning messages..."
(Kendrick 1979:346). Furthermore il should be added that both
confirmation and dissemination of warning through the social
network improve response to emergency warnings (Quarantelli
and Dynes 1376, Perry et al. 1980, Drabek and Boggs 1968,
Mileti and Beck 1975, and Rogers and Nehnevajsa 1984).

Effective warning messages have been described by Janis
(1958) as requiring a balance between fear-arousing and fear-
reducing statements. Fear-arousing statements describe the
impending danger in sufficient detail as to evoke vivid mental
images of the crisis, reducing the possibility tor surprise as the
disaster evolves. Fear-reducing statements realistically present
the mitigating factors of the impending situation, and provide
information regarding realistic actions to be taken by authorities
and individuals, both independently of one another and jointly.
The fear-arousing conient of fhe warning message alerts the
public to the potential for harm, while the fear-reducing
statements consist of notification of appropriate mitigating action.

III. THE ALERTING PROCESS

People are alerted to the potential for danger by a variety
of sources. These sources of warning are broadly classifiable:
warning by authorities, from the mass media, and those
transmitted through the social network. Drabek (1969) and Perry
et a!. (1981) refer to warning from authority as those messages
which are generated from and disseminated by emergency-
services organizations (e.g., police or fire departments, civil
defense organizations or the national guard), while mass media
warnings usually come from radio and television, although in
slowly-evolving disasters, the print media also play a crucial role.
The social network provides warning through relatives, friend
and neighbors. Perry el al. (1981) report that 41.2% of first
warnings for riverine floods in lour communities came from
authorities. While there was apparently no time for mass media
warnings in two communities, the mass media accounted for
8.1% of warning alerts. Nearly half of the first warnings in these
four communities stemmed from the social network--37.6% from
friends and neighbors, and 13.0% from relatives. While the
distinction between social network alerts that purposely
disseminate the warning, and those that incidentally warn others
is not possible on the basis of the present evidence, the receipt
of first warning is often made through personal contacts with
members of the oocial network (Perry 1981, and Mileti 1974).

Around Three Mile Island more people received their first
warning (were alerted) via social networks than expected to
receive such warnings. Flynn (1979) found that only 6%
expected to be alerted by friends, neighbors and relatives, but
Brunn et al. (1979) and Barnes et al. (1979) report 18% to 25%
actually claimed to have received their first warning from social
network sources. Of those people receiving warning on the first
day of the accident, 22% were alerted through the social
network, and for those with the highest saliency (living within 6
miles), 43% were alerted by people in their social network
(Barnes et al. 1979). This is consistent with other research
which suggests that "word-of-mouth" warnings are more likely
among people most likely to be affected by the impending
danger (e.g., closest to the threatened area (Diggory 1956).
Hence, for fixed-site technological hazards, where the saliency
for nearby residents is fairly clear, social networks may be more
effective than in situations where the proximity of hazard is less
clear. In natural disasters, in which the probable impact area
can be ascertained reasonably well, significant proportions of
people are also alerted through the social network. For example,
Perry (1981) reports 31.7% and 38.6% of the people received
their first warning from others in their social network in
connection with the volcanic activity and floods respectively.
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The overall emergency alerting process can be considered as
comprised of two basic processes. The warning alert process
determines the capability of the warning technology (e.g., sirens,
bells) to deliver the warning message to the public. The
effectiveness, of course depends on factors of the physical
environment and the system technology, both constrained by
natural laws. Siren sound coverage, ambient noise levels,
warning signal attenuation, biological hearing capability,
acoustical properties oi the alerting signal are among the salient
considerations. To the extent that human activities alter such
parameters, such as sleeping, operating equipment or listening
to music, social behavior is clearly critical to the actualized initial
receipt of the message. The dissemination of the warning alert
takes place through the household and neighborhood alert
processes. The household or "area" process involves the inira-
household dissemination of the warning message, while the
neighborhood process represents the inter-household
dissemination of warning.

The warning alert process results in some households
being completely alerted by the initial warning signal, others may
have at least one person alerted, and in some households no
one will be alerted by the initial warning signal (Figure 2). The
household alerting process characterizes the distribution of the
warning signal within a household that is partially alerted by the
initial warning signal (i.e., at least one person). Households
where everyone is aleited, either by the initial warning signal or
through intra-househcld dissemination, become the potential
warning message transmitters in the neighborhood process.

I WARMING ALERT PROCESS |

Household
Alert Complete

[HOUSEHOLD ALERTING PROCESS

NEIGHBORHOOD ALERTING PROCESS|

Neighborhood Alert Complete

Incomplete Warning Alert

Figure 2 - Alerting Process

Households that initially remain unalerted may receive the
warning through the neighborhood alerting process. The
household alerting process is consistent with family re-unification
for household emergency response (Rogers and Nehnevajsa
1984, Frazier 1979, and Drabek" 1969), w.iich finds that
households prefer to respond to crises as a unit. Both the
household and the neighborhood alerting proctsses provide
consistent confirmation of warning that often lakes olace during
emergency warnings (Rogers 1985).3

IV. WARNING ALERT MODELS

Considering a late-night (i.e., 12 midnight to 6 a.m.)
warning, Nehnevajsa (1985a) incorporates three major lacfors in
assessing warning alert: 1) The effect ol non-sleeping activities.
2) the effect of intra-househokJ networking, and 3) the offset of
inter-household networking. Activity probabilities are based on a
detailed study ol lime use conducted by the Univfirsity of
Michigan (Jusier et al. 1983) which results in iaienight
probabilities of being awake of .092 and .058 between midnight
and 2 a.m., and 2 a.m. and 6 a.m. respectively (Humrnon et al. In
Press). Intra-household networking is considered on the basis of
household by size and composition, peak alerting signal levels
as a function of distance from the warning signal source,
attenuation rates for different types of housos ami residential
conditions. Somewhat conservatively assuming that about half of
those alerted by the initial warning signal wiii rrjke a single
contact with another household (ever though 87.5% of
respondents in a recent University of Pittsburgh study expect
their neighbors to contact others, even in the middle of the night,
to warn them of impending danger), initial "acoustic" alerting of
69.0%, would be augmented to 79.3% of the residents, given
these basic considerations. A second acoustic signal, resulting
in 72.8% of the people alerted would be enhanced to 82.2%
alerted.

Even an elementary model, which only accounts for
arousal probabilities by household size significantly reduces the
proportion of people left unwarned (Nehnevajsa 1985b).
Assuming that only one in four people alerted by the initial signal
would attempt to make contact with others in their social network
the initial warning signal leaves 15.5% of the people unalerted.
However, a single social network contact decreases the
proportion of unalerted people to 11.6%, and a second
networking attempt reduces the unalerted proportion to 8.6%.

One significant limitation of these models revolves around
the timing ot the networking process (Landry and Rogers 1982
and Nehnevajsa 1985b). The warning process that incorporates
both the initial alerting system, which is technologically (e.g.,
sirens, bells, television, or radio) based, and diffusion of warning
through the social network, involves initial alerting via a
"broadcast" process,4 and subsequent alerting via a "birth"
process5 (Lave and March 1975). Both processes are time
oriented (t) and limited by the size of the population to be alerted
(N). The broadcast and birth processes are represented
respectively by

dn/dl - a,(N-n), and dn/dt - a2n(N-n),

where n, is the alerted population at the beginning of each period
(t0, t,, t2..., and a, and a2, are proportions summarizing the
diffusion properties of the respective processes. Combining
these two processes into a single warning system

3This papor does not examine tho significant issues associated with the
notification process, which involves the belief and interpretation ol tho warning
message and the selection of behavior. The significant issues ol behavioral
contagion, will people take action independently or in conjunction with the
behavior of Iriends. neighbors and relatives, and the ellcct of source of warning
confirmation, or type ot warning notification on behavior selection are excluded.

4Thls process rests on tho broadcast ot the warning message by tochnical
mechanisms, such as television, radio, sirens, bells, whistles or a combination of
these specific technologies in combination with organizational assistance. It is
rolerred to as broadcast because tho message is broadcast from a rolativoly
centralized source to tho public.

5This procoss rests on the dissemination of the message among people. It
relies on a less centralized warning dissemination, whore each recipient passes
or at least attempts to pass Iho message to others in tho network.
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dn/dl. k{a,(N-n)} + (i-k){a2n(N-n)},
where k, is the proportion receiving the warning alert signal, and
(1-k) represents the proportion not alerted by the broadcast
signal.

Using this classical model of the dissemination of warning,
the timing of warning over the initial period can be examined.
Suppose ihe broadcast warning system only operates in the first
three minutes of the warning period, even though no warning
system that we are aware of operates only in the first few
minutes without being reactivated in later periods. Further
suppose that k is equal to the proportion of non-sleepers. This is
equivalent to saying that arousal from sleep need not be
considered for those that are not asleep. Finally consider a
broadcast process efficiency (a,) of only .5, and a birth process
effectiveness (a2) of .3. This broadcast efficiency is well below
the acoustical warning rate reported by Nehnevajsa (1985a), and
the contagion effect is substantially below people's expectations
and reported incidents. Even assuming these conservative
system parameters, the warning system alerts 76.2% in the
dead-ol-night (2 a.m. to 4 a.m.) in the first 15 minutes (Figure
3).6 Given the drastically larger proportion of non-sleeping
people between 8 a.m. and 10 a.m., and 8 p.m. and 10 p.m., the
proportion warned exceeds 80% in the initial periods of warning,
resulting in approximately 88% being alerted in the first fifteen
minutes. Given quite different broadcast alerting probabilities,
reflecting the period of the day differences, the results at the end
of fifteen minutes are remarkably similar, but the trajectory within
the period is very different. Hence for technological hazards with
various onset times, the broadcast system requirements will be
somewhat different. For technologies either with long onset
times or where warning systems can be activated early, systems
may place greater dependence on the birth process in
emergency warning.

V. POLICY
CONCLUSIONS

IMPLICATIONS AND

Figure 3 - Timing of Warning

sMinutes is perhaps better described as steps, inasmuch as we remain
uncertain about the exact duration required lor message passing. While given
adequate saliency household contagion probably take less than a minute,
message passing in the neighborhood process is loss certain. Hencfc, what we
label as minutes, reflects steps that probably range in duration Irom somewhere
near 15 seconds upwards to 3 to 5 minutes The actual duration of these time
intervals is almost certainly dependent on the nature of the hazard. Its saliency,
timing and action requirement.

Social network alerting deserves full recognition as a valid
aspect of the overall emergency warning process. It cannot be
assumed that everyone, especially younger children, is able lo
properly interpret the meaning of the warning signal, even if it is
"heard," and thereby recognize the impending threat. Therefore,
Ihe cascading effects of networking become an integral part of
the system. The dissemination of warning provided by Ihe
cascading of the warning message through the social network
significantly enhances coverage of the warning alert. Hence,
emergency warning systems can effectively alert residents in
adjacent areas by taking advantage of the social nelwork
dissemination of warning. This is particularly true for fixed-
location technological hazards, such as nuclear power plants.
However, it is incumbent upon risk managers of such facilities to
increase public awareness of the potential for hazard, ability lo
recognize and interpret the alerting signal, and awareness of
what actions to lake.

All emergency warning systems take advantage of both an
alert signal and a further dissemination of the warning through
the social network. The trade-off between the two processes
rests on considerations of cost and timing of adequate coverage.
Because the birth process depends on alerted people to
disseminate the warning message, Ihe more expensive
broadcast ol emergency warning is inherently faster. For
hazards with onset trajectories similar to hurricanes, the warning
system can place more reliance on the networking process.
Relatively slowly evolving emergencies not only provide time for
the social networking process to be highly effective, but these
hazards also allow people to become attuned to the impending
hazard, which "pre-charges" the network for further alerting and
notification as information about the hazard gets to be more
intensive, and the danger becomes more acute. On the other
end of the hazard spectrum, rapidly evolving hazards require
greater reliance on a broadcast system, even though such a
system can never be completely effective on its own. Hence,
one key factor in determining the extent to which the less costly
social network dissemination of warning can be employed
concerns the technologies which permit an early detection ol
particular hazards. Can the hazard be detected with sufficient
lead time to alert the public? Another factor in the selection of an
efficient emergency warning system (i.e., obtaining coverage
with an optimum mix of the broadcast and social network
processes) is the reliability of early warning, and appropriate
policy decisions tc warn at early stages of a possible disaster.
This involve? another trade-off between the issuance of early
warning and the probability of a false alarm.

To the extent that there is actable time, any warning
system can be improved, in the sense of alerting more people
with less time, both through improvements in the broadcast
system and by enhancing the social nelwork process. The
broadcast system can alert more people by enhanced coverage
(e.g., louder signals, or morb complete distribution of warning
devices among the population). While these system
improvements are desirable, the social network process can also
be enhanced by encouraging people to contact others when they
are alerted. By encouraging people to become involved in Ihe
emergency warning process, emergency preparedness beyond
better warning is improved, because people are more likely to
develop an understanding of the potential hazards, the nature of
potential threats, the kinds of available protective actions
needed, and take an active role in assuring their own safety, and
in enhancing the safety of their relatives, friends and neighbors.
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Emergency Preparedness Training for Local Communities
Michael J. Cooley and Karen K. Thompson

ABSTRACT

Detroit Edison, in cooperation with Monroe
County, has developed a comprehensive train-
ing program for local emergency workers in
the area surrounding the Fermi 2 Nuclear
Power Plant. Using expertise from both
organizations, a program consisting of two
videotapes, two slide-tapes and nine narrated
slide series was produced to address the
worker-specific training needs of county
emergency workers. In June of 1985, the
program was approved by Detroit Edison and
the Monroe County Board of Commissioners.
To date, Monroe County has trained more than
1,000 emergency workers.

This program has been so well received that
the county staff has developed and presented
a modified version of this program to the
general public. The result of this coopera-
tive effort is increased public confidence
in emergency preparedness at the state, local
and utility level and a renewed spirit of
cooperation and trust between the utility and
local units of government.

Over the last few years, the issue of
emergency planning has received increasing
attention, particularly in communities which
surround nuclear power plants. Although
local governments in Michigan are responsible
for developing an emergency plan, the res-
ponsibility for approving training programs
for emergency workers in local communities
rests with the state. This division of
responsibility sometimes requires a high
degree of cooperation by all concerned to
develop a comprehensive, yet community-
specific program.

According to Appendix E of 10CFR50, a
radiological orientation training program
must be made available to off-site emergency
workers. In the State of Michigan, the
Emergency Management Division of the State
Police is the responsible agency for ensuring

that emergency workers are trained and pre-
pared to handle emergencies relating to an
accident at a nuclear power plant. The
State has developed a four-part training
program using NUREG-0654 as a guide. The
program encompasses basic information on the
operation of a nuclear power plant, effects
and detection of radiation, and the emer-
gency plans at the state, local and utility
level. This program was implemented in
Monroe County in 1984. Monroe County is the
location of Detroit Edison's Fermi 2 Power
Plant, 30 miles south of Detroit. Fermi 2
is powered by a boiling water reactor capable
of generating 1100 megawatts.

The state-developed training program
was originally presented jointly by state
police and radiological health personnel,
the local emergency preparedness coordinator
and utility personnel. Overall, the program
length was nearly four hours'—much too long
for the purpose intended. Furthermore, the
program did not address specific duties and
responsibilities of the local emergency
workers.

To improve the program, Detroit Edison
and the Monroe County Office of Civil
Preparedness began discussions to explore
alternatives. The first, and perhaps the
simplest, was to revise the existing pro-
gram. The county wanted a program with a
new focus, one which related directly to
their emergency plan and addressed their
needs. A second alternative was to engage
an independent consultant to analyze the
needs of the county and to develop and
deliver a program. The local coordinators
approached the consultant who had assisted
in the preparation of their emergency plan.
The consultant offered a package which in-
cluded a stand-up instructor, supplemented
by slides and overhead transparencies.

There were several disadvantages that
developed in exploring the use of a consul-
tant for this project. For one, the
consultant proposed a two to eight hour pre-
sentation. This was considered again to
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to be much too long by the county coordina-
tors. In addition, the instructors from the
consulting firm were stranscrB to the
community. The Office m Civil Preparedness
wanted to increase their Involvement with
the emergency workers and the public by
making the presentations themselves.

Another disadvantage in having
Instructors from a consulting firm was their
limited availability. The county wanted an
instructor who would be able to schedule and
conduct presentations throughout the year.

Finally, the'contract proposed by the
consultant was for development and initial
implementation of the program. Any revisions
and presentations in subsequent years would
be at an added cost. The county wanted to
minimize their long-term reliance on outside
assistance. Ideally, one of their own staff,
an individual familiar with the emergency
plan and with the local community, would be
best suited to make the presentations.

The Monroe County emergency planners
decided on another alternative—to ask
Detroit Edison to work with them in develop-
ing a new program. The emergency planning
group at Detroit Edison had a close working
relationship with the staff at the County
Office of Civil Preparedness. The utility
met with the county staff and agreed to work
cooperatively on the new program. The county
staff provided experts on their emergency
plan throughout the development phase of the
project. The Fermi 2 staff provided tech-
nical expertise on plant operations and basic
radiation protection. Detroit Edison also
provided overall project scheduling and
coordination of production activities includ-
ing photography, videotaping and artwork.

In planning the program, Detroit Edison
and Monroe County personnel first agreed upon
some parameters. The County wanted a program
no more than one hour and 20 minutes in
length. They also wanted it tailored to
specific groups of emergency workers, to
appear realistic and be a high quality
production. The realism was achieved through
extensive use of local workers, equipment and
facilities In producing the program. The
quality was heightened through the use of a
variety of audio-visual media and a pro-
fessional actor. Because this new program
was being developed for Monroe County, the
Director of the Office of Civil Preparedness
was responsible for review and approval of
all program materials.

A schedule was developed so that com-
pletion of the training program coincided
with preparation for the annual Fermi 2
emergency exercise. Six months were allowed
to develop the program from start to finish.

The original four-part program developed
by the State Police Emergency Management

Division formed the basis for the new
Monroe County Training Program. The subject
matter was adapted to specifically meet the
needs of Monroe County.

The new program evolved into 4 major
segments. Part I, a 15 minute slide-tape
program, deals with plant operations and
emergency planning at Fermi 2. Initial
review and approval of this segment was
performed by the supervisor of emergency
planning for Detroit Edison. Final approval
was given by the Director of the Office of
Civil Preparedness.

Part II is a 15 minute videotape which
presents Information about radiation in-
cluding definitions, discussion of types of
radiation, how it is detected and measured,
and how decontamination is performed. This
part of the program was developed and
approved cooperatively by the Fermi 2
emergency planning and health physics groups,
the State Division of Radiological Health
and the County Health Department.

Part III, a 20 minute slide-tape pro-
gram, was developed by the State Police
Emergency Management Division and describes
the Michigan Emergency Preparedness Plan and
responsibilities at the state level.

Part IV covers the Monroe County
emergency plan and includes specific learn-
ing modules for each of the major areas of
responsibility under the plan. These areas
are: Emergency Operations Center (EOC)
Staff, Public Information, Warning, Law
Enforcement, Public Works, Fire Services,
Health/Medical, Social Services, Emergency
Medical Services/Transportation and School
Services. EOC Staff Orientation, a
12-mlnute videotape, was developed for EOC
staff officers. A 10-minute slide program
was prepared on each of the other nine
modules.

Parts I through III were presented as
the basic package for all county emergency
workers. In addition, one of the ten
specific modules of Part IV were presented
to the individual groups. For example,
firemen received Parts I, II, III and the
Fire Services module while law enforcement
personnel received Parts I, II, III and the
Law Enforcement module.

The program was completed within the
prescribed six-month time frame and pre-
sented to the Monroe County Board of
Commissioners. Upon their approval, pre-
sentations to county emergency workers began.
To date, over 1,000 emergency workers have
been trained. The vast i jority of those
who have seen the program have found it
beneficial in outlining their emergency
duties and in providing the needed back-
ground information.
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Currently, a short review program is
under development for emergency workers who
completed the initial training. As a result
of the high level of interest generated by
this program, the county has independently
developed an abbreviated version of the
program for the general public. To date,
they have presented it to over 200 county
residents.

In addition to providing the needed
information to emergency workers, this
program has many other benefits. It has
increased the credibility of the County
Office of Civil Preparedness with the public.
It has also greatly increased public aware-
ness of emergency preparedness at the local
and utility level. Finally, there is an
Increased spirit of cooperation and trust
between Detroit Edison and Monroe County.

The cost to Detroit Edison for the
entire program was significantly less than
it might have been for some of the other
alternatives--well worthwhile for an
innovative approach to training and for the
excellent relationships built with the
surrounding community.
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Emergency Planning, Public Information, and
the Media: Some Recent Experiences

Steven B. Goldman

ABSTRACT Within the last two years, events at
several nuclear plants generated national media
attention. Most were classified as "UNUSUAL
EVENTS" or "ALERTS". One event necessitated a
"SITE AREA EMERGENCY" classification. None of
these events posed a hazard to the general
public, yet each posed a serious threat to the
credibility of the utilities. These and other
events show that (1) media response to a nuclear
plant accident is not necessarily related to the
technical severity of the accident and (2)
utilities must have in place effective and
coordinated emergency public information
programs, particularly for "lower level"
emergency classifications.

I. INTRODOCTIOH

American electric utilities with nuclear
units have developed public information programs
specifically designed for nuclear emergencies.
Regulations for nuclear emergency public
information CEPI) are few, but the consequences
of a mismanaged nuclear EPI program are far
reaching.

This paper will recount the public
information problems of the March 1979 accident
at the Three Mile Island Nuclear Station,
followed by a brief review of resultant EPI
regulations. Utility and media response during
more recent emergencies will be presented and
discussed; finally, lessons learned from these
events will be identified.

To identify the role of emergency public
Information, it is helpful to divide nuclear
emergency response into two broad efforts:

1) Placing the plant into a safe mode
2) Protecting the health and safety of the

general public
The former consists of the various

operational, technical and maintenance
evolutions. The latter also consists of
technical aspects (dose assessment, protective
actions). Public response to an emergency — and
therefore the protection of the public's health
and safety — is a direct function of the public
information effort. Lindell and Perry (1983)

show that public response to an emergency — any
emergency — depends upon:

o Pre-existing beliefs about the hazard
o Interpretation of information

disseminated by official sources
o Credibility of those sources
o Distortion or addition of information

by unofficial sources
o Evaluation of the threat
o Choice of available responses
Thus, in order to meet the .goal of

protecting the health and safety of the general
public around a nuclear facility — indeed, any
facility — an effective emergency public
infom-ation program must be in place before the
emergency occurs.

Media response to a nuclear plant accident
may also be evaluated in relation to the above
six Items with perhaps some additions such as
"amount of conflict present" and "other news
stories occurring". A key lesson for emergency
planners as well as utility managers 13 that
media Intere3t in a nuclear plant accident ia
not necessarily proportional to the severity of
the accident.

II. REVIEW OF PUBLIC INFORMATION PROBLEMS
DOBIMG THE THREE MILE ISLAWD ACCIDEWT

It Is instructive to review the technical
aspects of the accident at the Three Mile Island
(TMI) Nuclear Station Unit 2 here because, as
George Santayana wrote, "Those who cannot
remember the past are condemned to repeat it."

A. Prior to the Accident

From a public information point of
view, the TMI accident probably could have
happened to almost any U.S. nuclear utility.
The Utility, and in fact the U.S. nuclear
Industry in general was not prepared for an
ongoing accident, where time was of the
essence. The only previous msjor U.S. nuclear
accident was the fire at Browns Ferry in March
1975 which was essentially over by the time the
situation was made public. The Windscale
accident in Britain during October 1957 had far
reaching offsite consequences, but with regard
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to the media and public perception of nuclear
power at that time, It occurred In an entirely
different era. TMI was the first of its kind.

Additionally, the Utility's Public
Information 3taff had, on the average, less than
one year's experience with nuclear power, and no
one person on that staff had any technical
background. Complicating the situation was the
fact that, with rare exception, media personnel
also had little technical background. Virtually
no one was prepared for a major nuclear power
plant accident because so few believed that one
would happen.

B. During the Accident
f

The Public Information problems during the
TMI accident were severe. The overall problem
was that a chain of information flow was not
established from the plant to the public.
Information was not coordinated among the key
players — the Utility, the state, the federal
government, local officials — and was not
presented to the media and public In a cohesive
manner. Because information flow was not
established, the Utility's Public Information
staff was not kept informed by plant technical
personnel; the Public Information staff was at
times hours behind the accident sequence. Thus,
initially it appeared that the Utility Public
Information staff consciously "minimized the
significance of the accident. In actuality,
they did not know how far the accident had
progressed.

At a press conference during the first day
of the accident the Utility failed to say that
there had been small offsite radiation releases
and that more could be expected. The state's
Lieutenant Governor, acting as state spokesman,
knew that radiation levels above background had
been detected. He asked the Utility's
spokesperson why the Utility had not told this
to the media. The Utility's spokesperson
replied, "Because it did not come up." From
that point on, the state was suspicious of the
Utility's information and motives, and relied
upon its own staff. At a press conference later
that day, the Lieutenant Governor told
reporters, "Metropolitan Edison has given you
and us conflicting information."

This statement — particularly in the post-
Watergate, post-Vietnam era — was a red flag to
the media. Reporters may not have known the
difference between a neutron and a cooling
tower, but they knew that "conflicting
Information" made a great story.

What followed for the next week or so was
public Information chaos. Official news sources
were confused. Technical Jargon was used,
overused and misused. Sources of information
were everywhere and nowhere. "Experts" appeared
and were quoted extensively. A representative
of the U.S. Nuclear Begulatory Commission aoted
as the official spokesperson for the federal •
government and the Utility stopped talking.
However, this did not 3top the "Hydrogen Bubble"
story from occurring. That, you may recall, was

when speculation led to perceived Imminent
disaster.

There are several other examples of TMI
public information problems, but the basic
problems can be summarized as follows:

1. No information flow path was
established from the plant technical
staff to the public information staff

2. There was little coordination of
Information among the organizations
involved

3. Each organization did not have a
principal, designated spokesperson with
access to appropriate information in a
timely manner

^. There was no 3ingle location from which
the media and public could find
official and timely Information

5. Neither the Utility's Public
Information staff nor the media had the
technical background sufficient to
understand or explain the accident.

6. There were no plans or procedures to
deal with the Public Information
aspects of a major nuclear plant
emergency

C. After the Accident

Studies show no real evidence of the
utility or others consciously conspiring to hide
Information. The basic problem was that no one
was prepared for the accident. In the
aftermath, however, several regulations were
developed to ascertain that utility and
governmental agency Public Information staffs
would be prepared In the future.

III. U.S. MPCLEM EMEHGEWCT PUBLIC IMFOfi-HATIOH
REGOLATOBT RBOOIRPCITtS

As a result of TMI, several U.S. government
regulations were issued. The basic planning
document for U.S. nuclear utilities Is called
NUREG-0654/FEMA-REP-1 (1980). Other guidance,
particularly from the Federal Emergency
Management Agency, Is being developed.

Although not regulatory, the Institute of
Nuclear Power Operations (INPO) has included EPI
as one of its emergency preparedness evaluation
areas (INPO 85-001, 1985). As in other
evaluation areas INPO developed performance
criteria for EPI programs to aerve as a basis
for evaluation. And as with the NUREG
requirements, the INPO criteria are general.

Thus, EPI regulations are not specific.
This lack of specificity has proved to be a
mixed blessing for the nuclear Industry. On the
one hand, It allows utilities the flexibility to
provide quality, comprehensive public
information programs that serve well during an
emergency as well aa during non-emergencies. On
the other hand, the lack of specifics also
allows utilities to meet only the letter of tho
law and go no further. Those utilities who
choose the latter course will cause the nuclear
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industry problems, for they are not prepared to
handle a major nuclear emergency. They have not
learned from the past.

IV. BECEHT UTILITIES EIPEHIEMCE

There has been much improvement in utility
EPI efforts since TMI. While many agree that
quality programs are necessary, few agree about
what constitutes a quality program. A review of
recent emergencies provides some clear
indications of what utilties may expect should
an emergency occur.

Within the Ia3t 2 years, events at U.S.
nuclear plants generated national media
attention. None of these events posed a hazard
to the public yet they po3ed a serious threat to
the credibility of the utilities. The following
is a brief summary of those events:

A. Event A

At the Vermont Yankee Nuclear Power Plant
in June, 1981, a source of radiation was
accidentally withdrawn from its shielding; this
resulted in abnormally high radiation levels in
one area of the plant. An "ALERT" was declared
at about 9:00 a.m. and within four hours the
utility received over 250 telephone calls from
the media, public, and financial
organizations. Those calls were placed to the
corporate headquarters where there were only
four public information personnel. Although
approximately 20 people were assigned to the EPI
organization, this organization was not
activated. Many people who tried to call could
not get information because the phone lines were
busy.

Many media reports were inaccurate. A
major television network reported that there had
been an explosion, which was untrue. A number
of reports stated that plant workers were
overexposed to radiation; this was also
untrue. A post-accident review of media reports
indicated that local media were generally
accurate in reporting information. National
media, however, were often inaccurate and tended
to sensationalize the stories.

B. Event B

An "ALERT" was declared at a boiling water
reactor because of an equipment malfunction in a
component associated with the reactor coolant
system. The plant was shut down with no hazard
to the public. However, the media began to
telephone the corporate headquarters soon after
the "ALERT" was declared. Although the utility
did not count the number of calls, the volume
was so large that additional personnel were
assigned to answer those calls. One major
problem was an inability to get information to
the local media in a timely manner. EPI
procedures called for EPI personnel to first

telephone wire services, and then notify media
with offices close to the plant. However, since
so many phone calls were received at the
corporate headquarters, the staff did not have
time to call the local media. Thus, many of the
local media went to the plant for- information.
A public information representative was on duty
at the plant, but was assigned to the plant
Technical Support Center. As a result, no one
at the plant was available to talk to the local
media.

A second problem resulted when local
government officials notified industries near
the plant to be prepared to evacuate. When the
media became aware of this, they became
skeptical of the utility's statements saying
there was no hazard. The utility was telling
the truth, but this conflicting information
resulted in a loss of utility credibility and
created an environment to cause the public to be
concerned about its safety.

C. Event C

The two previous events occurred during
normal working hours. At Sacramento Municipal
Utility District's Rancho Seco Nuclear Power
Station, a hydrogen explosion occurred in the
electrical generator at night. This event was
classified as an "UNUSUAL EVENT". This was
followed later by an unrelated loss of all non-
nuclear instrumentation, which necessitated an
"ALERT" declaration for under 10 minutes.
Again, as with the other two events, the public
was not endangered. In a yet further unrelated
event off site, a pipe bomb was set off at a
school near Sacramento. The explosion was heard
throughout the county, and the media belioved
that the sound of the explosion came from Rancho
Seco. When the media began to call the utility
headquarters for information, the telephone
switchboard called public information personnel
at their homes. The utility did not activate
their EPI staff; two public information
personnel attempted to answer media inquiries
from their homes.

Responding to the explosion rumor, a number
of reporters went to the plant for
information. The plant had a public information
officer position, however, no one had been
assigned to fill that position. Thu3, there was
no one for the media to talk to at the plant.

The following day a number of media reports
sharply criticized the utility for not providing
information. The local government held a
hearing where officials similarly criticized the
company public information efforts. One State
congressman criticized the utility and compared
the accident to the one at Three Mile Island.
There was, of course, no relationship between
the two eve-its but the congressman made
headlines implying there was. The key here is
that the utility's response - not the accident
- became the story.
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D. Event D

Late in January, 1986, Cleveland Electric
Illuminating Company's Perry Nuclear Power Plant
Unit 1 was undergoing several test and pre-fuel
loading evolutions. Unit 2 was in a deferred
construction status. Fresh nuclear fuel was
onsite in the Fuel Building; it was expected
that the low power license would be granted
within a month.

At 1148, on Friday, January 31, the Perry
Nuclear Power Plant, (PNPP) experienced an
earthquake measuring approximately 5.0 on the
Richter Scale. As a result of the earthquake,
the PNPP Emergency Plan wa3 implemented.
Emergency response actions went into effect at
approximately 1206 when the emergency was
classified as a "SITE AREA EMERGENCY". As part
of the Site Area Emergency response, all non-
essential personnel were evacuated from the site
for accountability purposes. The situation was
downgraded to an "ALERT" at 1300 and
subsequently terminated at 1130. Recovery went
into effect and continued until Saturday at 1100
when PNPP and NRC conducted a meeting and agreed
on an Action Plan. There were no injuries to
workers. There was also never any risk to the
public.

The Perry Plant has a Community Relations
Section which handles site media relations; the
Cleveland Electric Illuminating corporate office
has its own Public Information Department. The
two work together during PNPP events.

By 1215, Community Relations Section
personnel had learned of the event and
established contact with both the Control Room
and Site Security. By 1230, a Public
Information Emergency Response Team had been
activated and was answering media calls. An
Information Liaison had reported to the
Technical Support Center to establish an
information flow from the TSC to the Community
Relations staff. Within 3 hours of the
earthquake, 2 media statements were issued.
That afternoon eight media outlets (2
television, 3 radio, 3 newspaper) arrived
onsite. Hundreds of media and industry calls
were logged onsite. Over the next two days, two
more media statements were released with
resultant inquiries. By Monday, things were
back to "normal".

During the first afternoon, there was some
friction between the site and corporate Public
Information staffs. Site thought Corporate was
too demanding, Corporate thought Site
unresponsive. As it turned out, during the site
evacuation the telephone system was secured and
all incoming telephone calls went through one
Security Officer. Thus several people including
the media and the state could not get through to
the Community Relations Staff. They in turn
called the corporate offices. This sounds like
a typical post-accident critique, but here is
the key point: corporate logged over 2000 phone
calls - this for a plant not yet in operation.

Overall the Perry Public Information
response was good. At no time did the PNPP
response become the story.

E. Event E

At approximately 3:50 a.m. on July 29, 1986
a secondary side steam line ruptured near the
condenser of the Rochester Gas and Electric
(BG&E) Company's R. E. Ginna Nuclear Station.
In accordance with procedures, the incident was
classified as an "UNUSUAL EVENT" at 1:00 a.m.
The unit was manually shutdown and there was no
release of radiation, nor were there any
injuries. The UNUSUAL EVENT was terminated at
5:14 a.m.

RG&E's public information people went into
action. At 8:30 a.m. that morning RG&E and the
two area counties held a media briefing.
Approximately 15 reporters covered the
briefing. Additionally, RG&E received over one
hundred phone calls over two days. This
incident had all the makings of a major news
story - morning accident, pipe failure, steam
release, plant shutdown, same state as Shoreham,
same reactor vendor as Seabrook, major accident
there is 1982, etc - but it was not. Although
one T.V. station gave RG&E its usual hard time,
the other media outlets were fair. This story
did not make national news.

F. Event F

The tragedy at Chernobyl carries several
public information lessons. It is clear that
there are philosophical differences in nuclear
accident response and public Information
practices between the Soviet Union and the
United States. Still, western media coverage
was extensive. It is of interest to note that
the lack of official information about the
accident did not deter the press in gathering
its stories. As seen with American nuclear
plant accidents, the media will go around the
system to find Information. The quality of that
information may be suspect at times, but the
information will be found.

One Chernobyl lesson is that when official
information is scant or not available,
unofficial information Increases in value and
credibility. Recall the incident where a Dutch
amateur radio operator allegedly monitored a
Russian transmission telling of hundreds of
casualties and appealing for help. This story
so far has proved untrue, but It was a major
story of the accident.

Another lesson concerns information
withholding or "processing". The Soviets are
masters of information processing, whether it be
full disclosure, partial disclosure, no
disclosure, filtering, embellishment or
euphamlsing. But when the efforts of the media
are concentrated as they were with Chernobyl,
the official subterfuges did not work. Yet
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there are U.S. utility managers today who think
they can succeed where the Soviets could not;
they prefer not to release information to the
public or even to their Public Information
people. Event after event 3hows that this
philosophy, although once in a while lucky,
harms the utility in the long run.

V. LESSORS TO BE LEARMED

A. What You Should Expect

I have di3CU3sed media response to several
nuclear incidents. There were two Unusual
Events, two Alerts, a Site Area Emergency and
TMI and Chernobyl, which clearly would have been
General Emergencies. Of the American plants,
two were located in the north, one each in the
south, west, east and midwest. Despite all
these differences, there are common threads to
the media's response to all of these
accidents. Based upon these and other
experiences, this i3 what you should expect.
First, some groundrules:

o Media interest in a nuclear plant
incident is not necessarily
proportional to the accident's
technical severity.

o A utility's technical perception of a
nuclear plant incident is not related
to nor will it influence the media's
perception of that incident.

o Media interest in nuclear event3 13
high.

o The general public has a fear of
radiation - any amount of radiation.
Microcuries and millirems mean nothing
compared to cancer.

o The media'3 coverage of nuclear issues
and events is in a class by itself,

o Simplistically, all nuclear power
topics for the general public and media
may be categorized into two issues:
radiation and money.

o When politicians become Involved, the
media interest and perceived
seriousness of the problem doubles,

o Even a minor event can generate
considerable media interest.

This is what you 3hould expect if you have
a nuclear incidents

o There will be much interest in the
event,

o You will receive dozens if not hundreds
of phone calls.

o The media will most likely show up at
your site or corporate headquarters or
both. The use of helicopters and
satellite transmission facilitates
this.

o The media will want a spokesperson; if
you don't supply one, they will find
one.

o If the media are not satisfied with
your pre3s operation, they will go
around your system.

o Inaccuracies will occur; rumors will be
generated.

o Local media will be more accurate than
national media; national media will be
very demanding.

o All media want a steady stream of
information. If they don't get it from
you, they will get it elsewhere.

o The media may not be fair. Reporters
are human, they too have pressures;
"bad new3 sells"; and the media -
particularly TV - want to beat the
competition. Objectivity is a worthy
goal but in nuclear coverage it is not
always attained; some reporters and
editors do have axes to grind.

o If your company is privately owned, the
financial community will be extremely
interested in the accident.

o Your company's image will re3t upon how
well your Public Information staff
does.

o "Low level" events can cause a utility
as many informational problems as a
major accident.

o Media response will be a function of
your response. The better you do, the
better they do. If you shoot yourself
in the corporate foot, the media will
duly record it; they will not call a
doctor. If so, your response - and not
the accident - will become the story.

B. What You Should Do

If you could prevent accidents at your
plants, this conference and your Jobs would not
be necessary. It should be clear as to what
this means to nuclear emergency planners.
First, you will have accidents and incidents.
Second, your emergency public information effort
should be top quality. Just like your onsite
organization, your Public Information
Organization should be able to transfer from
normal operation to emergency operations
smoothly and efficiently.

Space limitations prevent a listing here of
key elements of a successful emergency public
information program. However, Just as we can
learn from mistakes, we also should learn from
successes. The Perry Plant successfully handled
the media aspects of their earthquake because of
the following reasons:

o A detailed emergency public information
plan was in place.

o The Community Relations Saction
established a chain of information
flow, outlined responsibilities,
coordinated information, and provided
spokespersons. The Public Information
staff controlled the situation.
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o The Public Information staff not only
partcipated In exercises, they held
separate Public Information drills.
These proved extremely valuable,

o CEI and PNPP Management support the
Public Information effort. They
devoted time and resources to Public
Information - a wise investment which
has reaped dividends.

A successful and credible emergency public
information operation is the culmination of much
planning, training and coordination of efforts
among those affected: the utility; federal,
state and local officials; special interest
groups; the media and the public Within the
utility alone, coordination is required among
emergency planning, plant information staff,
operations, plant management and corporate
management. Nuclear Emergency Public
Information la much more than being able to
write news releases.

An effective emergency public Information
program Is an integral part of a site emergency
operation as well as being the cornerstone of a
total corporate emergency communication
effort. Emergencies at nuclear plants have
proven that the media, governmental officials,
the financial community, employees, stockholders
and special interest groups will actively seek
information about emergency activities. To
respond to this interest and to service the
company's own Interests, a company must develop
a comprehensive corporate emergency
communication program. This requires the
involvement of the total company, not just
public information personnel.

The challenge to emergency planners is to
make emergency public information programs
effective. Each event that occurs reinforces
more strongly the necessity of a good Emergency
Public Information program. In the minds of the
public, the Emergency Public Information efforts
are the face, soul, and conscience of the
utility. The performance of a utility's
Emergency Public Information program will
determine how well public safety is protected
and will determine the public's verdict on the
utility. In a larger sense, Emergency Public
Information has and will impact the future of
nuclear power in the United States. This Is one
of Three Mile Island's lessons learned.

3. "Performance Objectives and Criteria for
Operating and Near-Term Operating License
Plants", INPO 85-001, January, 1985,
Institute of Nuclear Power Operations,
Atlanta, Georgia.
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ANS Topical Meetiag ra Radiological AccMeats—
Perspectives aid Eaergeacy Plaaaivg

Factors Influencing Media Coverage of a Radiological Incident
Roy K. Bernhardt and Layton J. O'Neill

ABSTRACT Most organizations have an existing
policy for interactions with the media. This
policy often requires that interactions be with
or through a professional group of public
information officers or the Office of Public
Affairs. This policy tends to give individual
members of an organization the belief that they
are not responsible or in some instances, even
allowed to interact with the media. To achieve
good media relationships and/or coverage,
individual interactions are necessary and
required. The guidelines for media interactions
provided in the Federal Emergency Management
Agency (FEMA) sponsored Radiological Emergency
Response course are relatively straight forward
and simple to adopt.

The Nevada Operations Office (NV)
Radiological Assistance TEAM (RAT) is Team No. 4
under the Department of Energy Region VII
Coordinating Office. In addition to the normal
U.S. Department of Energy (DOE) RAT standby
radiological instrumentation and health physics
capabilities, the NV RAT has a number of unique
features.

Beginning in 1970, NV was given the
responsibility by the Regional Coordination
Office for the Radiological Assistance Program
in the state of Nevada due to the mountain
barrier separating the California teams from
Nevada.

From 1972 to the present, the NV has had a
formalized agreement with the state of Nevada,
which identifies the NV 24-hour emergency phone
number as the primary phone number to call in
the state of Nevada for radiological assistance.
The agreement provides for the NV team to
perform the initial response and control at the
incident scene until a state representative
takes charge. NV provides a supply of small
billfold cards (Illustration 1) to the State
Office of Preparedness for their distribution
throughout the communities of Nevada.
Approximately 2,000 have been distributed to
date.

A comprehensive NV RAT Notification
Procedure was developed, which calls for routine

NV-1S5 (10*5) FOR
RADIOLOGICAL

ASSISTANCE
CONTACT

NEVADA OPERATIONS OFFICE

U. S. DEPARTMENT OF ENERGY
Laa Vagaa, Navada
24 HOUR TELEPHONE

(702) 295-3343
OR — Region 7 Coordinating Office:

San Francisco Operations Office, U.S.O.O.E.
Telephone: day or night (415) 273-4237

IT IS ESSENTIAL TO INFORM THE PARTIES CONTACTED
OF THE EMERGENCY NATURE OF THE CALL

The Radiological Assistance Plan it a service provided to tire
public by the U.S. Department of Energy. Its function is to advise
and assist local authorities in dealing with accidents involving
radioactive materials.
Radiological Assistance learns are available to local authorities
at ad time*. Collect calls WIN be accepted if necessary.
For specific instructions regarding initial procedures in the
handling of radioactive incidents refer to:
EMERGENCY ACTION GUIDELINES FOR INCIDENTS INVOLV-
ING RADIOACTIVE MATERIAL: "This Instruction le found In
the NV Radiological Aaeletance Team NotmcaUon Procedure
Manual, which la Issued by the Nevada Operations Office,
USOOE, Laa Vegas, NV."

BILLFOLD CARD

notification of both the State Office of
Emergency Management and the State Division of
Health, Radiological Section, if a response is
made to a state controlled location.

For an expeditious response, the NV
maintains a RAT Captain Duty Officer roster with
beeper call-out capability. To further enhance
the team captain's response capabilities, the
team captain has a dedicated vehicle having the
customary radiological equipment along with
minor clean-up equipment, such as a High
Efficiency Particulate Air (HEPA) filtered
industrial vacuum cleaner, A/C generator,
brooms, shovels, flood lights and air sampling
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capability.
The DOE Aerial Measurements Systems (AMS)

is operated by an NV contractor. The NV RAT has
been able to rely upon the readily available AMS
capabilities. These capabilities include the
transportation of the team IT embers and equipment,
plus aerial monitoring of the airborne releases,
surface deposition and lost radioactive sources.

In 1985, NV RAT again enhanced it's response
capability to include the clean-up of
transportation spills of defense low-level waste
shipments, by developing a plan and equipment for
a contractor operated Clean-up Team.
(Illustration 2). The cornerstone of this
capability being the specially designed HAZVAC
truck. It was the first major exercise of the

equipment used during the exercise.
The education of the news media and local

authorities is another of the FEMA guidelines
addressed in the Radiological Emergency Response
Course offered at the Nevada Test Site. By being
present at the exercise, the media had an
opportunity to view first hand, and thus report
on its use and operation, equipment and
materials that can be made available to state
and local emergency response organizations to
assist in an actual emergency if one should
occur. The capabilities of a complex piece of
equipment, the "HAZVAC", was explained to the
media. In the resulting media coverage, one
story notes the equipment could also be used in
the event of toxic spills.

NV RADIOLOGICAL RESPONSE CLEAN-UP TEAM
ON-SCENE ACTION

Clean-up Team that created the situation for
stimulating the news media involvement.

The fact that the news media was invited to
view the exercise caused some concern among team
members and observers. The concern seemed to be
caused by the "bad press" usually given to
radiation and situations Involving radioactive
material. The decision to invite the media is in
keeping with the first FEMA guideline concerning
public relations and media interactions. The news
media treatment of an accident and public
reaction to that accicent depend to a
considerable extent upon what was done before the
accident to educate the public about the specific
hazards of the particular operation and what
safeguards have been provided.

The media made the public more aware of the
equipment and trained personnel available in the
event of a transportation accident by reporting
the exercise, the response team's actions and

One of the "lessons learned" from
conducting this exercise was the need for an
on-scene media spokesperson with the authority
to issue statements to the media without first
checking with headquarters. Provisions and
guidance for this media representative should be
included in emergency response plans. A
designated spokesperson as part of the emergency
response team will be in a position to ensure
that information released is provided as quickly
as possible, in the proper perspective, factual
and consistent. A trained spokesperson will be
able to safeguard classified information, yet
still release facts about the incident. These
facts should be released even if they prove
embarrassing or admit to errors.

This attitude and commitment will develop
an understanding and rapport between the media
representatives and the information
spokespersons. However, each individual member
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of the emergency response organization should
receive training to be able to function as the
media interface, should the need arise. A program
of periodic exercises to test not only the
emergency response team's abilities and
equipment, but also the interface and liaison
with the media is necessary and prudent.
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