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FOREWORD
On January 7> 1983, President Reagan signed into the law the Nuclear Waste Pq.licy Act of 1982. This act
established a process whereby the President, the Congress, the affected individual States and Indian
tribes, the U.S. Department of Energy and other Federal agencies could work together in the siting,
construction, and operation of facilities for the storage and disposal of nuclear waste.
This proceedings document from the 1983 Civilian Radioactive Waste Management Information Meeting serves
to highlight developments since the passage of the Act, and reviews program activities necessary to
provide for the permanent disposal and storage of commercially generated high-level radioactive waste.
Presentations included in this program cover topics concerning interim spent fuel, monitored retrievable
storage, geologic repository deployment as well as management of the Nuclear Waste Fund.
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KEYNOTE ADDRESS
Daniel Boggs, Deputy Secretary
U.S. Department of Energy
Washington, D.C.

Prior to the passage of the Nuclear Waste Policy
Act of 1982, the Federal Government was
discussing approaches to nuclear waste disposal.
Now we are discussing directions and
implementation. Before, we were picking a road.
Now, we are learning how to drive on it.
One context in which I would like to direct my
remarks is a situation in the country today of
recovery, of moving toward a can-do attitude.
With nuclear waste disposal., and with the help of
the Congress, we have established the road I just
mentioned.
Similarly, in our economy over the past several
years, we have been wondering where the road was
going to lead us, but now it seems clear that
road is leading upward. The economic recovery
has taken off in full flight. We see a nation
that is significantly better off today than it
was several years ago. We see the gross national
production of America in this year of 1983 at an
all-time high. We see our gross national product
for each American now having reached an all-time
high. We see our gross national product for each
American now having reached an'all-time high. We
see unemployment coming down faster than anyone
was predicting a year ago. We see our industrial
productivity and our leading indicators all
reaching all-time highs. We think that continued
upward movement is symptomatic of an America that
has regained its confidence and that can move on
to greater accomplishments.
We think that the accomplishment of bringing to a
successful management our problem of civilian
waste is another manifestation of that. The
United States energy situation similarly is
significantly better today than it was in 1980 or
1981. Out total energy efficiency, as a result
of conservation and industrial process
improvements, has increased very significantly.
In each one of the last three years, whether a
recession year or a recovery year, our efficiency
has increased three or four percent each year.
This year we will use the least energy of any
year in at least a decade and, yet, out gross
national product will be 25 percent higher than
it was a decade ago.

Our domestic energy resources are being developed
more effectively. Our oil and gas production has
been holding up much better than the
predictions. In 1979 and 1980, a whole series of
government agencies, the Congressional Budget
Office, the General Accounting Office, the Office
of Technology Assessment, gave projections of our
oil production and, yet, today we are running a
million barrels a day ahead of those projections.
Our energy production capability is now at an
all-time high, not only in the nuclear field,
which we will be talking about, but in coal and
other fields. We have seen oil prices decline as
a result of this improvement in America's
situation. In 1981, the beginning of the year,
oil was running about $39 a barrel imported into
the United States. Today, it is about $29. With
inflation taken into account, that is nearly a 40
percent drop in real prices.
At the same time, our dependence on foreign
energy sources has been steadily diminishing.
Today, we import barely a quarter of our oil
against almost a half in 1977. Out total energy
dependence is down to only about 10 percent and
continued improvement in the area we speak of
today, nuclear power and the safe management of
waste that will allow it to continue, will also
make important contributions.
On the economic side, it is important to note
that this year our energy import bill will be the
lowest in real dollars since 1975. The President
and Secretary Hodel laid out in the
congressionally-mandated National Energy Policy
Plan the broad outlines of that energy policy:
to minimize federal control and involvement in
the economic direction of our energy life, while
assuring health and safety in those areas that
are proper concerns of the government and to
promote a balanced and mixed energy resource
system.
Certainly, the disposal of waste is one of those
areas of assuring health and safety that the
government is very heavily involved in with all
segments of society. One of our major sources of
current and additional electrical power
generation is nuclear power. Nuclear power
certainly is here to stay despite articles you
might have ready to the contrary.

The plants now running and under construction
will be producing power well into the 21st
Century and as our increasing needs require, on
whatever time scale you might choosa, in the
construction of additional power plants, nuclear
power will be an important competitor to be
decided on an economic basis.
Coal is and has been the mainstay of our
electrical power generation system, running about
50 percent and now something over 50 percent of
our electric generation. But in discussing the
nuclear contribution, it is important to note
that in 1983 we will produce more electricity
from nuclear power than from natural gas for the
first time in history. This year we will produce
twice as much power from nuclear power as from
oil, which has been a significant leading
indicator of the reduction in America's oil
demand and oil dependence.
Had it not been for the wettest year in perhaps a
hundred years, nuclear power would have
contributed more than hydro. I think we can look
forward to nuclear taking second place to coal in
the years ahead.
In the past, however, with this increasing use of
power, the Federal Government had not stepped
forward in meeting its responsibility to work
with the industry, with the local governments and
with citizens to develop a system for the
disposal of the residual wastes. The passage by
Congress of the Nuclear Waste Policy Act was one
of the five major nuclear policy objectives,
which were established by the President in his
policy statement of 1981.
He directed the Secretary of Energy to work
closely with industry and state governments to
proceed swiftly toward deployment of a means of
storing and disposing of commercial high level .
radioactive waste. With the very necessary and
useful assistance of the Congress in the passage
of the Nuclear Waste Policy Act of 1982 that
objective has come substantially nearer to
reality.
There are clearly many issues to be faced. The
very diversity and extensiveness of the program
that you will be attending over the next several
days is testimony to that. Yet, the passage and
signature by the President was a major step
forward. It provided the first national policy
direction at the legislative level of a
comprehensive nuclear waste management program.
It provides long overdue assurance of a safe and
effective solution to the nuclear waste policy
problem, and that nuclear waste disposal capacity
can be made available, and that it can and will
be developed and put in operation.
I commend you for your interest in this issue,
for your concern on behalf of yourselves and
those you represent, your companies, your states,
your localities. I assure you of the support and
of the cooperation of the Department of Energy in
this effort. We have been charged with the
management responsibility, but we are very aware
that we are far from being the only player.

Interactions are not only mandated by statute but
are desired by the Department, by the Secretary
and by all of us to involve you in this process
in a way that is useful, meaningful and important
to all of the interests that you represent. This
is a very clear and strong commitment of the
Department of Energy and I am sure you will see
that carried through by tne many DOE
representatives that will be working with you in
the days ahead.
Prior to the passage of the Nuclear Waste Policy
Act of 1982, the Federal Government was
discussing approaches to nuclear waste disposal.
Now we are discussing directions and
implementation. Before, we were picking a road.
Now, we are learning how to drive on it.
One context in which I would like to direct my
remarks is a situation in the country today of
recovery, of moving toward a can-do attitude.
With nuclear waste disposal, and with the help of
the Congess, we have established the road I just
mentioned.Similarly, in our economy over the past
several years, we have been wondering where that
road was going to lead us, but now it seems clear
that that road is leading upward. The economic
recovery has taken off in full flight. We see a
nation that is significantly better off today
than it was several years ago. We see the gross
national product of America in this year of 1983
at an all-time high. We see unemployment coming
down faster than anyone was predicting a year
ago. We see our industrial productivity and our
leading indicators all reaching all-time highs.
We think that continued upward movement is
symptomatic of an America that has regained its
confidence and that can move on to greater
accomplishments.
We think that the accomplishment of bringing to a
successful management our problem of civilian
waste is another manifestation of that. The
United States energy situation similarly is
significantly better today than it was in 1980 or
1981. Our total energy efficiency, as a result
of conservation and industrial process
improvements, has increased very significantly.
In each one of the last three years, whether a
recession year or a recovery year, our efficiency
has increased three or four percent each year.
This year we will use the least energy of any
year in at least a decade and, yet, our gross
national product will be 25 percent higher than
it was a decade ago.
Our domestic energy resources are being developed
more effectively. Our oil and gas production has
been holding up much better than the
predictions. In 1979 and 1980, a whole series of
government agencies, the Congressional Budget
Office, the General Accounting Office, The Office
of Technology Assessment,gave projections of our
oil production and, yet, today we are running a
million barrels a day ahead of those projections.
Our energy production capability is now at an
all-time high, not only in the nuclear field,
which we will be talking about, but in coal and

other fields. We have seen oil prices decline as
a result of this improvement in America's
situation. In 1981, the beginning of the year,
oil was running about $39 a barrel imported into
the United States. Today, it is about $29. With
inflation taken into account, that is nearly a 40
percent drop in real prices.
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Congress of the Nuclear Waste Policy Act was one
of the five major nuclear policy objectives,
which were established by the President in his
policy statement of 1981.

At the same time, our dependence on foreign
energy sources has been steadily diminishing.
Today, we import barely a quarter of our oil
against almost a half in 1977. Our total energy
dependence is down to only about 10 percent and
continued improvement in the area we speak of
today, nuclear power and the safe management of
waste that will allow it to continue, will also
make important contributions.

He directed the Secretary of Energy to work
closely with industry and state governments to
proceed swiftly toward deployment of a means of
storing and disposing of commercial high level
radioactive waste. With the very necessary and
useful assistance of the Congress in the passage
of the Nuclear Waste Policy Act of 1982 that
objective has come substantially nearer to
reality.

On the economic side, it is important to note
that this year our energy import bill will be the
lowest in real dollars since 1975. The President
and Secretary Hodel laid out in the
congressionally-mandated National Energy Policy
Plan the broad outlines of that energy policy:
to minimize federal control and involvement in
the economic direction of our energy life, while
assuring health and safety in those areas that
are proper concerns of the government and to
promote a balanced and mixed energy resource
system.

There are clearly many issues to be faced. The
very diversity and extensiveness of the program
that you will be attending over the next several
days is testimony to that. Yet, the passage and
signature by the President was a major step
forward. It provided the first national policy
direction at the legislative level of a
comprehensive nuclear waste management program.
It provides long overdue assurance of a safe and
effective solution to the nuclear waste policy
problem, and that nuclear waste disposal capacity
can be made available, and that it can and will
be developed and put in operation.

Certainly, the disposal of waste is one of those
areas of assuring health and safety that the
government is very heavily involved in with all
segments of society. One of our major sources of
current and additional electrical power
generation is nuclear power. Nuclear power
certainly is here to stay despite articles you
might have read to the contrary.
The plants now running and under construction
will be producing power well into the 21st
Century and as our increasing needs require, on
whatever time scale you might choose, in the
construction of additional power plants, nuclear
power will be an important competitor to be
decided on an economic basis.
Coal is and has been the mainstay of our
electrical power generation system, running about
50 percent and now something over 50 percent of
our electric generation. But in discussing the
nuclear contribution, it is important to note
that in 1983 we will produce more electricity
from nuclear power than from natural gas for the
first time in history. This year we will produce
twice as much power from nuclear power as from
oil, which has been a significant leading
indicator of the reduction in America's oil
demand and oil dependence.
Had it not been for the wettest year in perhaps a
hundred years, nuclear power would have
contributed more than hydro. I think we can look
forward to nuclear taking second place to coal in
the years ahead.
In the past, however, with this increasing use of
power, the Federal Government had not stepped
forward in meeting its responsibility to work

I commend you for your interest in this issue,
for your concern on behalf of yourselves and
those you represent, your companies, your states,
your localities. I assure you of the support and
of the cooperation of the Department of Energy in
this effort. We have been charged with the
management responsibility, but we are very aware
that we are far from being the only player.
Interactions are not only mandated by statute but
are desired by the Department, by the Secretary
and by to all of us to involve you in this
process in a way that is useful, meaningful and
important all of the interests that you
represent. This is a very clear and strong
commitment of the Department of Energy and I am
sure you will see that carried through by the
many DOE representatives that will be working
with you in the days ahead.

STATE PERSPECTIVE ON THE NUCLEAR WASTE POLICY ACT
Honorable Susan E. Gould
Chair of Nuclear Waste Policy and Review
Board and Nuclear Waste Advisory Council
representing the
Honorable John Spellman Governor of the
State of Washington
Mr. Secretary, distinguished speakers, ladies and
gentlemen, I bring regrets from Governor John
Spellman that he could not be here with you this
morning, but I am pleased to join with you to
exchange information on one of the most
significant Nuclear Policies and one that
particularly affects the State of Washington.

repository must be done carefully. The public of
our nation must have confidence that an
appropriate site will be selected and developed
without adverse impacts to the public health and
safety until these wastes are no longer a threat
to human life and environment. That is no small
task, and that is why it is especially important
that Congress establish a clear policy and
framework for the lead Federal agency and those
others that have a role to play in carrying out
our national objectives.

Our state in some respects is continuing its role
as a western pioneering state. Well over a
century ago there was a westward movement of
people to the Northwest to locate in a different
geologic region, a different geography, and to
find a permanent home for those making the trek
and for those following.

l:i. lie the work done to date on the repository
programs has developed considerable data and
relevant information, it is not nearly enough to
answer the questions that have arisen regarding
the site in Washington State and I am sure in
those other states with potential sites.

The state has been hosting some different
pioneers of late, pioneers not with buckskin
jackets, rifles, and wagons but engineers,
scientists, Federal Government representatives,
and others equipped with field glasses, drill
rigs, computers, and lab equipment. This latter
pioneering effort is dedicated to exploring a
frontier of which we have very little knowledge,
the need to determine the suitability of basaltic
rock layer, some 3,000 feet below the surface
which would house half of the nation's existing
and yet to be produced high-level waste. This
truly represents the modern pioneering effort to
meet a vitally important national objective of
finding a permanent and a safe home for these
wastes for generation, for literally thousands of
years to come.

The work of the waste repository program so far
has not reduced the uncertainties with which we
must deal. Consequently it is of utmost
importance that the program be reconstituted
under the new Federal legislation in the most
careful manner possible.
Unfortunately, in spite of the best intentions of
the U.S. DOE in recent months, program activities
have not yet met either the expectations or the
needs of our state and other states.
Our experiences during the past year in dealing
with U.S. DOE have noticeably improved, but an
important opportunity has fallen short of the
mark, creating major schedule problems. The
essential process of developing program
guidelines while difficult, has been made more
difficult by the manner in which the process has
been carried out.

For over 30 years this nation has been
considering ways to solve an ever increasing
problem of storage for nuclear waste material.
Unfortunately, these efforts have not resulted in
the required solutions. The current intensified
effort is being shaped by the passage early this
year of the National Nuclear Policy Act of 1982.
Since the present repository investigation
program at the Hanford site predates the new
Federal Act by several years, there is
considerable amount of retooling necessary to
make the Hanford Project compatible with
Congressional intent and its requirements. Other
states are facing similar exploration in other
types of geologic media. It is a difficult, a
perplexing, and a time-consuming process. The
selection of a location for this nation's first

As an example, the required consultation with
governors of affected states was not initiated,
until after the first draft was written. That
first draft was a few days and full of flaws, to
paraphrase the Biblical reference. That
unfortunate tentative start on the project that
will take nearly on-quarter of a century to
complete has resulted in marking time while the
apparent flaws and objections to the first
guideline efforts were remedied. The Department
of Energy received over 2,000 comments, and the
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analysis and cogitation about these reactions
have resulted in a process falling considerably
back of the Congressional schedule and, indeed,
considerably behind what might have been
achievable if the affected states had been
consulted at the outset.
There is a distinct possibility that we could
have secured more of a consensus and an earlier
one. I would like to emphasize at this point
that as far as I can determine, states were not
interested in torpedoing the problem through the
belated participation but wanted to improve it.
I think that is borne out by the quality and
seriousness of the commants U.S. DOE received.
Certainly earlier consultation would have
provided an opportunity to lessen the number of
those comments. States are not so interested in
drafts to be defended or that so many meetings
were held but rather hy the timely opportunity
for an open exchange of views and the possibility
of integrating these views in order that the
program can be carried out in quality fashion.
Important opportunities are still ahead of us.
The forthcoming mission plan from the Department
of Energy will be an extraordinarily important
document. I would hope there will be not a
slap-dash pell-mell review process announced that
would neither aid in analysis nor meet an
inappropriate time schedule but in fact would
result in increased anxiety in the various state
capitols.
•
The primary message I would like tt convey is
that an adequate upfront time for interactions
with the states will not impede but will improve
the likelihood of the Federal Government meeting
its program responsibilities.
The mission plan will aid the understanding of
the public in setting up some priorities among
the many and diverse waste programs. This
collection of waste management options needs very
careful delineation, and I anticipate that state
officials, legislators and others will have much
interest in that and succeeding documents.
Obviously the preparation and conclusion of the
environmental assessment is of great significance
to states as it will provide the basis of further
selections for repository assessment and
recommendation.
One area that is of particular importance to
Washington State is the consultation and
cooperation agreement call for in the Act.
Last July we initiated a negotiation process
between representatives of the state and U.S. DOE
to forge a C&C document which would establish
clear ground rules for the relationship between
the Federal Government as represented by U.S. DOE
and the State of Washington on how the repository
examination program is to be carried out. Me
think it is quite necessary for this kind of
document because it will provide an orderly way
for the state to interact with U.S. DOE both now
in the future.

There are other reasons why we feel that
developing a satisfactory CSC agreement -Is very
much in the state's interest. It provides a
legal framework for the relationship between the
state and U.S. DOE. It clearly identifies to
ability of the State of Washington to carry out
independent monitoring and review of Federal
activities on the site. It places a distinct
commitment on U.S. DOE to provide a timely manner
such information data analyses and so forth that
will assist in the state's review process.
It provides a mean? of identifying and dealing
with disputes as they may arise; although after
nearly six months of work we still have some
outstanding issues in our C&C agreement to deal
with, we are basically pleased with the
negotiations thus far.
The Federal negotiating team has been dedicated,
candid, and receptive of state concerns and
needs. We are looking forward to continuing our
efforts to complete an acceptable document.
While we think that such an agreement is
important for our state, we are concerned that
such an agreement not imply acquiescence with the
Federal efforts, not any kind of advance approval
of the Hanford site. It does not mean that the
state is embarking on a joint venture with the
Federal Government on this project. The burden
of proof still rests with DOE as to the
suitability of a potential site in Washington
State. The burden of proof does not remain on
the state.
Another reason which you also might be interested
in for a written, binding agreement is that a
number of states now targeted for Federal
attention will diminish over time as the first
repository states are reduced to three and then,
candidates for the site and then six for the
second site. This is far fewer than the 23 now
being considered and identified. As smaller,
less populated states emerge as favorites in this
sort of reverse popularity contest, allies may
tend to disappear, when the states breathe a sigh
of relief as they are stricken from the list, but
currently these 23 states have a common bond and
an interest in strong protection. Some of us may
find ourselves out there all alone in the future,
and with great need for protection that these
agreements will provide for us. An occasional
letter to DOE will not suffice as a satisfactory
relationship. We would prefer to have a clearly
identified process which will better able state
representatives and the general public to
understand Federal activities. Our state has
pledged itself to broaden citizen understanding
and awareness and participation in the project.
In Washington State I chair two statutory groups
as Mike indicated, a nuclear waste policy and
review board composed of several state department
heads and eight legislators and a citizens
advisory council of 15 members.
The policy and review board encompasses a unique
combination of state department directors and
legislators to assure policy oversight in the
state's involvement of the program. The citizens
advisory council has been charged with increasing

the knowledge of our citizens about the
implications of a repository program.
We have recently concluded a survey of citizens'
understanding of nuclear waste management in our
state. We will be working in the next several
months on an intensive and extensive public
involvement program. It is our firm conclusion
that our citizens must be well informed as this
project takes shape. An inadequate opportunity
for public input will not foster the necessary
public awareness.
We are pleased that DOE has recognized this need
and._win be assisting the state financially in
its^development of a public information program,
as well as supporting a comprehensive public
document center. I began today by talking about
new pioneers coining out to the northwest and
other parts of the country with their drill rig,
scientific equipment and hard hats. It takes
this pioneering spirit on all of our- parts to
deal with this critically technical and
politically sensitive issue. The states are
prepared to cooperate and to assist where they
can, but they cannot do so without serious,
continuous, and early consultation. We stand
ready to meet that challenge.
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PROGRAM OVERVIEW
Robert Morgan, Acting Director of Civilian
Radioactive Waste Management
U.S. Department of Energy
Washington, D.C.

Since the Nuclear Waste Policy Act was signed
January 7, 1983, we've made considerable progress
in implementing the Act. Within this first year,
there has been a demanding set of timetables in
process requirements. We have signed contracts
with all nuclear utilities. We've started
accepting the one mi", pt" kilowatt hour of
nuclear generated elt'tri .ity. we've identified
States with one or more potentially acceptable
repository sites for the first repository. We
have established the fee collection and payment
procedures for the one or more potentially
acceptable repository sites for the first
repository. We have established the fee
collection and payment procedures for the one
mill per kilowatt hour I mentioned a moment ago.
We have also fulfilled most of the other
requirements in the time frame that the Act has
specified except for just a couple.

issue a preliminary draft to get comments before
we get into a formal stage of issuing the draft
for comments.
We have just received a preliminary draft of
Volume I of the mission plan and we hope to have
this available to interested parties, the States
and others by Christmas.
In the mission plan, what we are trying to do is
outline the strategy, discuss the schedule in the
interrelationship of all the aspects of the
program, including Monitored Retrievable Storage
(MRS), Federal Interim Storage and a Repository
Program. In addition, we will cover the
management of the waste fund.
Volume II of the mission plan will address those
11 specific areas required by the Act. Volume II
is not yet ready; however, we will get Volume II
out as soon as possible for early review and
comment. The formal process for issuing the
draft mission plan will begin in March or April.

We are late in one area and that is in issuing
final siting guidelines. We have not done so
because we felt we needed to extend the process
of consultation with the States beyond the
process specified in the Act. Proposed final
guidelines were transmitted to the Nuclear
Regulatory Commission (NRC) on November 22, which
was about four months late. We believe that the
process of extending the consultation with the
States, was worthwhile and necessary for our
credibility. We are not racing to judgement; we
intend to go through the process requirements and
the technical requirements, and if we have to
slip schedules, we will slip schedules. Our
intent is to fully comply with the Act in process
and in technical mandates. However, if we must
slip a date in the schedule to accomplish the
requirements and intent of consultation, we will
do so.

I would like to talk a little bit about the
strategy as laid out in the mission plan and what
we intend do. I think most of you know that the
Act requires that we receive waste from the
utilities by January 1, 1998. Technically, the
Act does not specify how much waste or spent fuel
we must begin receiving at that time. In fact,
if we accepted one spent fuel element in 1998 we
would technically be in accordance with the Act.
However, we did not believe that that meets the
intent of the Act. The basic strategy which
we've outlined in the mission plan, is that
beginning in 1998, utilities will not have to
provide any additional storage facilities on
site. During the first year of operation of the
repository in 1998, we should be receiving fuel
at a rate so that no utility would have to add
any further storage facilities either on site or
at another location.

In going through the guidelines process, we
learned one lesson early in the process. That
lesson that we learned is important early
consultation. For that reason, we will be adding
an extra early step in the development of the
mission plan. The Act requires that the draft
mission plan be published in the Federal Register
and distributed 15 months after enactment of the
Act and that a final mission plan be issued 17
months after the enactment. We are going to add
• an extra step in that process; we are going to

After the initial operation of the repository
through the first few years, we would anticipate
that the weight of acceptance of fuel should be
the rate of discharge from the reactors that are
in operation at the time. So, by ;.he year 2000
or 2001, we should be accepting in the repository
the amount of fuel as being discharged from the
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reactors. It is anticipated that at that point,
it would look at bringing home the second
repository. According to the Act, the second
repository follows the first repository by four
or five years. We are looking at the sensitivity
of that sequence, and we may use the second
repository to start working on the backlog of
fuel. In addition, by that time, there may be
some reactors which have reached the end of their
design lifetime and that will be shutting down.
If so, we would have the second repository to
receive the fuel from the basins of those
reactors so that they could go through the
appropriate decommissioning aspects.
That is our basic strategy which we are outlining
in the draft mission plan.
We are concerned with the schedule on the
repository is extremely optimistic for getting to
1998. We believe that there are challenges in
that some will say risks to obtaining that date.
Therefore, we must have an alternative plan or a
parallel plan to begin receiving waste by January
31, 1998. Monitored Retrievable Storage could
serve as that alternative. The mission plan will
also cover Federal Interim Storage, waste
packaging and other interrelated issues.

\
\
\
\
\

We have learned a lot in the consultation
process. There are some very difficult issues
that have been' identified and we are attempting
to work with the States in the resolution of
those issues. It is our intent to continue and
in many cases expand the consultation process.
The time-tables set out in the Act and those
discussed in the mission plan are clearly
optimistic. While we are making a number of
assumptions in laying out the schedules contained
in the mission plan, we are trying to identify
those areas where we know there is inadequate
time available to meet a mandated milestone, such
as the time allowed in the Act for site
characterization. For example, the Act specifies
that in January 1985 we recommend to the
President three sites for site characterization.
Then in March 1987, the President must recommend
a site for the first repository. Clearly two
years, from 1985 to 1987, is insufficient for
conducting site characterization.

•

As we develop better schedules, we will present
those schedules to the states and to the public.
We are now anticipating possibly a two or three
year delay in recommending the first site. We
are looking at ways of bringing that date closer
as best we can, but I think it is questionable
that we could complete site characterization on
those three sites in less than four or five years.
To summarize, the basic strategy is to have a
repository in operation in 1998. We will,
however, keep a parallel program going on an MRS
so that if a repository is not available by 1998
or if Congress decides to authorize the
construction of an MRS prior to that time, we
will be able to comply with the law — to begin
accepting waste in 1998.
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ENVIRONMENTAL PROTECTION AGENCY'S POLICY
AND STRATEGY ON HIGH-LEVEL WASTE
Glen Sjoblom, Director
Office of State Radiation Programs
Environmental Protection Agency

fuel cycle.

On behalf of the Environmental Protection Agency
(EPA), I appreciate the opportunity to share with
you our views of our part in the overall national
radioactive waste program,

Subpart B, where we are developing something new,
consists of three parts. We have chosen in the
first part containment requirements to specify
limits on the amount of radionuclides that may be
released from the repository into the accessible
environment over a 10,000-year period. These are
specified in Curies per 10,000-year period and
these are specified in Curies per 10,000 years
per unit of heavy metal disposed therein.
Because one cannot verify by environmental
measurements that these containment requirements
are being met, the information in the licensing
process will need to judge whether or not using
model projections that the containment
requirements will be met. Clearly there will be,
to the extent possible, demonstrations of the
performance of individual parts of the system.
But the overall performance of the waste form,
canister and geologic media in meeting these
containment requirements must be an analysis.
Since man has not demonstrated this kind of an
engineering operation before, we are approaching
this Department of Energy (DOE), Nuclear
Regulatory Commission (NRC) with some degree of
rigor.

EPA has the responsibility to set the overall
environmental standards for the Department of
Energy's (DOE) Nuclear Waste Program. EPA began
looking into this question of standards for waste
disposal about seven years ago with several
workshops conducted around the country. We have
had an ongoing program to understand the
technical issues and other issues associated with
this program since that time.
ENVIRONMENTAL STANDARDS FOR THE MANAGEMENT AND
DISPOSAL OF SPENT FUEL, HIGH-LEVEL AND
TRANSURANIC RADIOACTIVE WASTES
Basically the EPA is to set the generally
applicable environmental standards (40 CFR 191).
The Nuclear Regulatory Commission (NRC) is to
implement those standards in its detailed
regulations (10 CFR 60) and in its licensing
process. The DOE is to incorporate those
standards in its site selection guidelines and in
the design and operation of the repositories.
The proposed EPA standards were issued late last
year just one week before the passage of the
Nuclear Waste Policy Act. We held hearings in
May in Washington and Denver. We reviewed all
the written comments we received from the public,
from the states, from the other federal agencies
and out of that came several issues. We then put
out a separate notice with those particular
issues and asked for sub^quent comments at the
hearings from all the parties on those issues.

So in addition to the containment requirements
EPA has proposed in the second section assurance
requirements which are common sense statements
that we feel .are principles upon which the
national program should be based.
The third section on procedural requirements
gives our guidance on how we think some of those
analytical exercises in the modeling effort
should be undertaken.

The final comment period closed in June, 1983,
and as we now work toward generating the final
standards and accommodating all those concerns we
are looking forward to having the final standards
early in the year.

SELECTION OF PROPOSED CONTAINMENT REQUIREMENTS
Basically we chose the level of the standard
based on two factors. One, we looked at, based
on information known today about the various
media, canisters and wcste forms, what the
performance might be from these. And we also
looked at what other comparisons we could make in
terms of what might prove a useful benchmark. So
we looked at what the releases from a repository
might mean over the millenia in terms of
estimated effects on public health numerically

The basic standards as they have been proposed
consist of two parts, Subpart A and Subpart B.
Subpart A describes the environmental protection
limits during the operational phase prior to the
final closure of the facility, and those are
based on existing EPA standards for the nuclear
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and then based on that relationship we could
calculate what effect a given release would have.

REQUIREMENT FOR LONG-TERM MONITORING
ACCESSIBLE ENVIRONMENT DEFINITION

There are some uncertainties in that, and we took
those into account. We ended up finding a
comparison with unmined uranium ore bodies
somewhat useful. Once the decision was made by
Congress that these wastes would be disposed of
in geological repositories. We determined that
the overall effect, cumulatively, on the public
health can be with technology and the geological
capabilities at confining the wastes, no greater
than if the mined ore had never been mined.

STANDARDS BEYOND 10,000 YEARS
INDIVIDUAL DOSE STANDARD FOR DISPOSAL
QUANTITATIVE DEFINITIONS OF RELEASE
PROBABILITIES
These are the issues we requested further comment
based on public, state and federal written
comments that we received. Since the Nuclear
Waste Policy Act was passed and contained a
definition of high-level waste after our standard
was proposed for public comment, many suggested
that we adopt that definition, and we are
inclined to do so. There was considerable
comment on both sides as to the need for those
assurance requirements and the procedural
requirements. We are inclined to keep them,
although we are looking at the specific comments
on each of them to put them into the most
appropriate form.

TABLE 1. ASSURANCE REQUIREMENTS
(Section 191.74)
CRITERION 1: "DISPOSE OF WASTES PROMTPLY

..."

CRITERION 2: "KEEP RELEASES AS SMALL AS
REASONABLY ACHIEVABLE ..."
CRITERION 3: "USE SEVERAL DIFFERENT, EFFECTIVE
BARRIERS ..."

One of the things that we did not include was a
requirement for long-term monitoring. If you
envision a site having a waste repository, and
once that site is filled, then for some period of
time one would logically maintain institutional
control over that site. The comment we received,
and one-we are fairly convinced is a proper thing
to include in the institutional control period,
is some monitoring to verify to the extent one
can that the system is performing as expected,
without affecting the performance in doing that
monitoring.

CRITERION 4: "DO NOT RELY ON ACTIVE
INSTITUTIONAL CONTROLS FOR MORE
THAN A REASONABLE PERIOD (E.G., A
FEW HUNDRED YEARS)"
CRITERION 5: "IDENTIFY SITES BY PERMANENT
MARKERS AND RECORDS ..."
CRITERION 6: "AVOID SITES WITH RESOURCES OR
POTENTIAL RESOURCES ..."
CRITERION 7: "DESIGN TO ALLOW FUTURE RECOVERY OF
WASTES ..."

We also received comments on the definition that
we had proposed for the accessible environment
and the main issue there had to do with the
protection of groundwater that might exist in
major and significantly important quantities in
the geological media in the vicinity of the site,
and so we received comments that we needed to do
something in this area.

This table simply lists in very short form the
assurance requirements. For example, dispose of
the waste promptly. This means as soon as we
reasonably can have the technology and the
systems available. "Keep releases as small as
reasonably achievable." This is a standard
concept that has been in use in the nuclear
business for some time. "Use several different
effective barriers." This is certainly involved
in the NRC regulations currently in place and so
forth. "Do not rely on active institutional
controls for more than a reasonable period of
time after disposal." That does not mean that
one shouldn't employ institutional controls. It
means that we shouldn't in designing the systems
depend on them for compensating for other
problems.

There were comments on both sides of whether or
not a 10,000-year period of expression for the
release limits was proper. It appears that
pretty much a 10,000-year period nf expression is
a reaso- ble one. We certainly had not implied
that tf wastes would be completely decayed
within that time, but as a means to judge,
certainly that should be a long enough time.
We also received suggestions that we consider in
addition to release limits an individual dose
limit. While we had considered that before we
were not able to come up with a way in which that
could be demonstrated to be met for any
particular individual during some period like
10,000 years because we don't know just exactly
where that person would be and so forth.

TABLE 2. FURTHER COMMENT SOUGHT ON
ISSUES AND ALTERNATIVES RAISED IN
PUBLIC COMMENTS

HIGH-LEVEL WASTE DEFINITION
In addition, we have had some suggestions to
modify the quantitative definitions of release

NEED FOR ASSURANCE AND PROCEDURAL
REQUIREMENTS
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probabilities that would be used in the analysis,
the performance analysis of the overall disposal
system.

CFR 191)
The key changes we are currently contemplating
from the proposed standard do not represent final
choices but they simply are indicative of current
thinking as to how we might resolve the issues
that have been raised in the public comment
period.

During the period of public review, wo were also
having the EPA Science Advisory Board conduct a
detailed review of all scientific and policy
aspects of the proposed standards. Our Science
Advisory Doard Panel met some nine times. All of
these meetings were announced in the Federal
Register and open to the public. We have now
finished, I believe, all the meetings of the
Science Advisory Board and anticipate receiving
their report in final form in the near future.

The form of the final standards will be very
similar, although in Subpart B, these will be
four sections. A section on groundwater
protection requirements has been added.
In the assurance requirements, there are two of
them that have substantially changed, the one
that said, "Practice a program in such a way as
to maintain release as low as reasonably
achievable," which was a general statement. It
has been suggested and we have tended to go along
that we should try to make that more specific and
apply only that principle to the final site
selection. What is being suggested is that in
the final choice going from three sites to one
that we narrow this down by considering as one of
the key factors the overall projected releases to
the accessible environment from each of the three
sites and that one array those numbers when
making the final choice, not as the only basis,
of course, but as one of the key elements.

We have been provided with drafts of that report,
and I would just like to point out a few of their
suggestions. First of all, they thought we had
done a reasonably competent scientific job in
developing the technical basis for the
standards. They endorsed the use of the
probabilistic structure when judging whether or
not the release limits were met, although they
quibbled with some of the numbers we had. They
stated that the 10,00C-year time frame seemed
adequate. They endorsed the use of release
limits and suggested that we not try to set
individual dose limits.
They, also, acknowledged and accepted the use of
these assurance requirements but suggested that
they be put as guidance such as Federal Radiation
Guidance to be proposed by the Administrator of
EPA to the President for use by the other
agencies. This was opposed to incorporating them
in the detailed Federal Register regulations as
we had initially proposed them for public
comment, and we are considering that suggestion.
They, also, suggested that we might relax the
release limits in the standards by a factor of
10. They felt some of our detailed analyses of
the performance of geological repositories were
somewhat conservative. In other words, some of
the parameters, such as geochemical retardation
factors and so forth were chosen in a somewhat
unnecessarily conservative manner. They have
suggested that for a given societal risk the
release limits that one derives might be somewhat
highe- than we had proposed. And to the extent
that these.parameters can be adjusted based on
today's scientific knowledge, we may well do just
that. Although it might not turn out to be a
factor of 10. Some of those parameters result in
the numbers going up and some of them result in
the numbers going down. So that has not yet been
fully analyzed.

We are, also, considering an individual dose
limit simply for the groundwater pathway for
major sources of groundwater in the vicinity. We
have adopted or are planning to adopt the Nuclear
Waste Policy Act definition of high-level waste.
We are adjusting the definition of accessible
environment probably to come closer in and will
include the major groundwater in the vicinity as
well. We have made some adjustments in the
probabilistic release limits in the numerical
values.
TABLE 3. KEY CHANGES IN FINAL
40 CFR 191
TWO REVISED ASSURANCE REQUIREMENTS:
—
SITE SELECTION "ALARA"
—
LONG-TERM MONITORING
1,000-YEAR INDIVIDUAL DOSE LIMIT FOR
GROUNDWATER USE
DEFINITION OF "HIGH-LEVEL WASTE"
DEFINITION OF "ACCESSIBLE ENVIRONMENT"
CHANGES IN PROBABILISTIC RELEASE LIMITS

They made some 40 other suggestions all the way
from downplaying the ore body comparison to
including genetic effects in our analyses in a
better way to try to improve the economic
analyses. They made suggestions for the research
that might be conducted on geochemical parameters
in a national waste program and a number of other
factors.
It has been a very thorough and useful review
that has been conducted.
KEY CHANGES IN FINAL ENVIRONMENTAL STANDARD (40
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TABLE 4. FINAL ENVIRONMENTAL
STANDARDS FOR THE MANAGEMENT AND DISPOSAL
OF SPENT NUCLEAR FUEL, HIGH-LEVEL AND
TRANSURANIC RADIOACTIVE WASTES
(40 CFR PART 191)

TABLE 5. ENVIRONMENTAL STANDARDS
FOR THE MANAGEMENT AND DISPOSAL
OF SPENT NUCLEAR FUEL, HIGH-LEVEL
AND TRANSURANIC RADIOACTIVE WASTES
(40 CFR PART 191)

SUBPART A -- STANDARDS FOR MANAGEMENT AND
STORAGE
—

SUBPART A —

STANDARDS FOR MANAGEMENT AND STORAGE

SUBPART B -

STANDARDS FOR DISPOSAL

STANDARDS FOR DISPOSAL
0

SECTION 191.13 -- GROUNDWATER
PROTECTION REQUIREMENTS

SECTION 191 .13 - - CONTAINMENT REQUIREMENTS

c SECTION 191 .14 - - ASSURANCE REQUIREMENTS

SECTION 191.14 — LONG-TERM
CONTAINMENT REQUIREMENTS

0

SECTION 191.15 — ASSURANCE
REQUIREMENTS
SECTION 191.16 — GUIDANCE FOR
IMPLEMENTATION
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SECTION 191 .15 -- PROCEDURAL REQUIREMENTS

TABLE 6. SELECTION OF PROPOSED CONTAINMENT
REQUIREMENTS

TABLE S. SYNOPSIS OF SAB REPORT

ASSESSED RISKS FROM MINED GEOLOGIC
REPOSITORIES

SUMMARY: -

CONSIDERED "REASONABLY ACHIEVABLE" SITES
AND ENGINEERING CONTROLS

—

COMPARED RISKS FROM OTHER ENVIRONMENTAL
RADIATION SOURCES
—

(FOCUSED ON UNMINED URANIUM ORE BODIES)

—

"GENERALLY COMPREHENSIVE,
SCIENTIFICALLY COMPETENT JOB"
ENDORSE: RELEASE LIMITS, NOT
INDIVIDUAL DOSE
10,000-YEAR TIME FRAME
PROBABILISTIC STRUCTURE
ASSURANCE REQUIREMENTS
RELAX DISPOSAL STANDARDS BY FACTOR
OF TEN

ALLOWED FOR UNCERTAINTIES IN PERFORMANCE
ASSESSMENTS
40 OTHER —
SELECTED LIMIT ON LONG-TERM RISK OF:
FINDINGS: —
—

1OOO PREMATURE CANCERS OVER 10,000
YEARS FROM 100,000 MTHM

(E.G.)

BACK-CALCULATED RELEASE LIMITS FROM THIS
RISK LEVEL
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—

REVISE ENVIRONMENTAL PATHWAY
CALCULATIONS
CALCULATE GENETIC EFFECTS TO ALL
GENERATIONS
IMPROVE ECONOMIC AND COST ANALYSES

TABLE 10. ROLES OF FEDERAL AGENCIES
TABLE 9. ENVIRONMENTAL STANDARDS
FOR THE MANAGEMENT AND DISPOSAL OF
SPENT NUCLEAR FUEL, HIGH-LEVEL AND
TRANSURANIC RADIOACTIVE WASTES
(40 CFR PART 191)

EPA: ISSUE GENERALLY APPLICABLE ENVIRONMENTAL
STANDARDS (40 CFR 191)
NRC: (1) ISSUE DETAILED TECHNICAL CRITERIA AND
PROCEDURES (10 CFR 60)
(2) ISSUE LICENSES FOR REPOSITORY
CONSTRUCTION AND OPERATION

PUBLISHED FOR PUBLIC REVIEW AND COMMENT:
- DECEMBER 29, 1982 (47 FR 58196)

DOE: (1) DEVELOP DISPOSAL SYSTEM TECHNOLOGY
INITIAL COMMENT PERIOD CLOSED:

(2) SELECT AND EVALUATE POTENTIAL
REPOSITORY SITES (10 CFR 960)

- MAY 2, 1983

(3) DESIGN, CONSTRUCT AND OPERATE DISPOSAL
FACILITIES

PUBLIC HEARINGS:
- MAY 13-14, 1983, WASHINGTON, DC
- MAY 2C-21, 1983, DENVER, CO
SECOND COMMENT PERIOD CLOSED:
- JUNE 20, 1983 (4S FR 23666)
NWPA DEADLINE FOR PROMULGATION OF RULE:
- JANUARY 7, 1984
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OFFER TO PARTICIPATE IN JOINTLY FUNDED
DEVELOPMENT AND DEMONSTRATIONS UNDER SECTION 223
CONCEPTS FOR DISASSEMBLING ASSEMBLIES AND
CONSOLIDATING FUEL RODS IN STORAGE POOLS
PACKAGING FOR STORAGE AND DISPOSAL
FEASIBILITY OF AWAY-FROM-REACTOR STORAGE
FEASIBILITY OF MONITORED RETRIEVABLE STORAGE
COOPERATION AND TECHNICAL ASSISTANCE OFFERED
UNDER SECTION 223
TO PROVIDE INFORMATION (DOCUMENTS, REPORTS,
ETC.) ON SPENT FUEL STORAGE AND HANDLING
POOL STORAGE
PACKAGING
DRY STORAGE IN METAL CASKS, DRYWELLS,
VAULTS, AND CONCRETE SILOS
TO PROVIDE INFORMATION (DOCUMENTS, REPORTS,
ETC.) ON AWAY-FROM-REACTOR STORAGE AND ON
MONITORED RETRIEVABLE STORAGE
TO ARRANGE VISITS AND BRIEFINGS WITH DOE
CONTRACTORS AND WITH U.S. INDUSTRY
TO CONSULT ON PLANS AND FACILITY DESIGNS
TO PROVIDE INFORMATION ON RELEVANT STANDARDS
AND COMPUTER CODES
TO COOPERATE WITH INTERNATIONAL
ORGANIZATIONS TO DISSEMINATE INFORMATION
GUIDELINES FOR DEVELOPING NEW COOPERATIVE
ARRANGEMENTS
OVERCOME SIGNIFICANT AND TIMELY STORAGE OR
HANDLING PROBLEMS
ADVANCE GENERAL KNOWLEDGE
HELP SOLVE COMMON SPENT FUEL HANDLING
PROBLEMS
CONTRIBUTE TO MORE PREDICTABILITY IN FUEL
CYCLE OPERATIONS
NUCLEAR WASTE POLICY ACT OF 7932
SECTION 223: TECHNICAL ASSISTANCE TO
NON-NUCLEAR WEAPON STATES IN THE FIELD OF
SPENT FUEL STORAGE AND DISPOSAL
OFFER OF COOPERATION AND TECHNICAL
ASSISTANCE IN THE FEDERAL REGISTER AS NOTICE
DATED MARCH 30, 1983, BY DOE AND NRC
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NUCLEAR REGULATORY COMMISSION'S POLICY AND STRATEGY
ON HIGH-LEVEL WASTE
Mr. John G. DavisB Director
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission

I am pleased to be here today to talk to you
about the overall approach of the NRC staff to
the national program for the disposal of
high-level wastes. As the people responsible for
reviewing and making licensing recommendations to
the five members of the Nuclear Regulatory
Commission, we on the NRC staff keenly recognize
our responsibility to assure that the Department
of Energy's high-level waste repositories are
constructed and operated without unreasonable
risk to public health and safety. DOE's annual
Civilian Radioactive Waste Management Information
Meeting is an important gathering of responsible
individuals and of informed and interested
observers of the national program, and I want to
thank Bob Morgan for providing us this
opportunity to comment on the NRC role.
Rather than attempting to provide a snapshot of
our current activities and near-term plans, I
thought it might be more useful to portray our
goal for the conclusion of DOE's site
characterization efforts and the beginning of the
process by which the Commission will decide
whether to authorize construction of a repository
at a particular site. Our short-term plans may
change, but our goal for the outcome of our
efforts will guide all our planning and
programming decisions along the way.
Other members of NRC staff will be speaking at
technical sessions and will deal with more
specific areas of the NRC program. Consistent
with the Nuclear Waste Policy Act, we intend to
work to assure that, beginning as early in the
site characterization process as possible,
potential licensing issues are identified, DOE
thoroughly addresses every potential licensing
issue and DOE has complete, well-validated
documentation for each part of the application it
will eventually submit for the site of its
choosing. This early identification and
addressing of issues will be done very visibly to
the public, the states, affected Indian tribes,
and DOE.
For those of you who are unfamiliar with this
Commission licensing process, I want to underline
here that we on the NRC staff do not have
ultimate authority to approve or disapprove DOE's
license application for the waste repository.

This authority rests with the five
Commissioners. The staff makes recommendations
on whether and under what conditions a license
should be issued. Our recommendations will have
to survive the scrutiny of an Atomic Safety and
Licensing Board empaneled by the Cc.nmission, an
Atomic Safety and Licensing Appeal Board if the
original licensing decision is appealed, and
finally, the Commission itself before any
decision can take effect. NRC staff will also
have to meet a stringent schedule to permit
timely action. Under the Nuclear Waste Policy
Act, the Commission is given three years -- with
a possible 12-month extension for good cause -to reach a decision on authorizing construction
of the first repository. In order to enable the
Commission to meet this deadline, NRC staff will
have to complete a number of preparatory
activities during the first fifteen months.
We will have to conduct a thorough safety review
and submit our findings to the NRC Advisory
Commission on Reactor Safeguards (ACRS) for its
review. We will have to review DOE's
Environmental Impact itateraent on its chosen
site, determine the extent to which NRC can adopt
it under the Act, and prepare any supplemental
analyses for our own EIS. During all of this, we
will also have to conduct extensive pre-hearing
consultations with participating states, tribes,
Federal agencies, and intervenor groups.
After the first fifteen months, we expect to
undergo intensive examination by intervenors in
the licensing process as they complete discovery
of the facts to make their respective arguments.
The hearing is expected to take at least 15
months, during which we will have to be prepared
to undergo thorough cross-examination and respond
to interrogatories from well-prepared parties on
both sides of the licensing question. Finally,
the Licensing Board's decision itself must be
reviewed by the Commission.
In sum, if we are to meet the scrutiny embodied
in the NRC licensing process, our technical
judgments and the process by which we arrive at
them will have to be fully supported and dearly
documented. Since we will have to make these
judgments in a formal proceeding under the
pressure of a statutory deadline, good planning

DOE and by our initiative, we are also pursuing
others, including on-site NRC representatives,
documented NRC-DOE staff technical meetings,
written technical correspondence, DOE topical
reports, arrangements for early access to DOE
data, and the development of NRC staff guidance
documents and technical positions on generic and
site-specific issues.

and preparation during the pre-application review
phase — the current phase -- is critical to 'ur
success.
The licensing process imposes a special rigor to
the national repository program. Not onlv must
we be technically and scientifically correct, but
we must be able to demonstrate this correctness
in the open forum of a licensing proceeding. It
is this rigor ~ this necessity for correctness
and demonstrability — that forms the strategy
for extensive pre-application review of DOE's
site characterization activities by NRC staff.
Essentially, this strategy is to promote the
identification of potential licensing issues at a
site as early as possible. There are several
reasons for this.

We have conducted a number of technical reviews
and workshops with DOE, and you will get a better
understanding of these and other interactions
from my staff who are giving more detailed
presentations later in this meeting. My point
here is that our independent responsibilities
require an independent agenda in order to provide
technically sound and timely licensing
information to DOE, not just at the points
mandated under the Act, but throughout the site
characterization process.

First is the disruptive potential of having to
consider new issues late in a licensing process.
The later such issues have to be addressed, the
more costly it is likely to be to address them.
More important, the later the issues are raised,
the more DOE has already invested in its chosen
site. This needlessly raises the stakes of the
outcome of the licensing process. When the
applicant is the U.S. Department of Energy, and
its application is for a national repository,
these stakes take on added significance.

The stringency of the licensing proceeding also
influences our approach to pre-application
reviews in other ways. We must, for example, be
able to substantiate our recommendations to the
licensing board with reliable information about
the likely performance of the site and the
proposed facility. This requires early access to
the technical data produced from DOE
investigations at the site so that we will be
able to carry out independent analyses.

An additional reason for early issue
identification is that the earlier issues are
identified at a site or in DOE's program for
investigating a site, the less disruptive it is
to address the problem or, if necessary, abandon
the site. For example, improper excavation of an
exploratory shaft could render a site
unlicensable at the outset by making the shaft
difficult or impossible to seal. Early
identification of potential issues thus enables
DOE to make adjustments in its program when
adjustments are easiest to make.

One lesson NRC has learned from its licensing
experience is the necessity for a vigorously
applied quality assurance program. We must be
convinced that work is of high quality -- that
tests are properly conducted and results properly
verified. The ability to clearly demonstrate
this high quality also is essential. NRC has
high interest in DOE's controls to assure
quality. We have equally high interest in DOE's
quality.documentation system. We want to assure
a system that provides accessibility to
information and which permits ready traceability
to confirm the pedigree of the information upon
which DOE and NRC must rely in making decisions
oncerning the site.

Finally, by giving DOE more opportunity to
develop a sound and well-documented application,
early identification of issues enables NRC staff
to make well-founded judgments about the extent
to which the issues have been addressed. Given
the three-year statutory time period for a
Commission decision on construction
authorization, we can ill afford during the
formal licensing proceeding to revisit issues
that have not been adequately investigated.

An essential ingredient to the success of both
NRC's and DOE's respective missions is the need
for free and open exchange of information. Only
through exchanges with technically qualified
representatives of state governments, affected
Indian tribes, and other interested groups can we
have reasonable assurance that we are aware of
issues of concern to them so that we can assure
these issues are addressed. Active participation
by States, tribes, and other interested parties
should also contribute to the critical oversight
necessary for this "first-of-a-kind"
undertaking. The Nuclear Waste Policy Act gives
DOE primary responsibility for funding and
working with interested states and tribes, and
NRC must recognize this statutory priority on
direct interaction of these parties with DOE.
Within these limits, however, we on the staff
intend to cc.itinue pursuing close state and
tribal consultations.

It is precisely because early identification of
issues is so important that NRC staff must be
aggressive about raising issues and must engage
in frank exchanges of viewpoints and information
with DOE from the outset of the pre-application
phase. Neither NRC nor DOE profit by NRC merely
awaiting submittal by DOE of a major product,
such as the Site Characterization Plan, for our
review. At each site, there will be a great
variety in both the kinds of licensing issues to
be resolved and the level of detail needed to
resolve them. This variety requires a flexible
mix of mechanisms for interaction with DOE, and
the mandatory NRC review of DOE's Site
Characterization Plan under the Act is only one
of these mechanisms. By mutual arrangement with

A major thrust of my remarks is that the
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regulatory process for the national waste
repository envisions early and continuous
openness of information concerning the program.
Over the past year, I have been gratified at the
degree of openness on the part of DOE, under the
direction of Mr. Morgan, on issues of mutual
concern. Among other things, we concluded a
procedural agreement last Oune under which we are
now meeting regularly with DOE technical staff,
and any interested state and tribal officials, on
each DOE field project for investigating the
various candidate sites. This agreement is a
cornerstone for a successful interagency effort
in the national program. It provides for early
DOE release of site characterization information,
which is critical for our independent analyses of
DOE activities at each site. It also enables UF
to begin placing on-site NRC staff
representatives at each site to promote better
NRC oversight. We are working actively with DOE
staff to establish effective arrangements
addressing a number of other needs. I look
forward to continuing this kind of relationship
within the limits of our respective agency
missions.

of unresolved safety concerns that the NRC
regulatory program will not delay implementation
of the Executive Branch's program assuming DOE
schedules provide NRC sufficient time for its
vital work and assuming adequate resources. I
wish to emphasize that NRC will not sacrifice the
quality and adequacy of its work.
Our strategy to accomplish this is:
1.

to have a highly competent staff
participates, as provided in our
rules, in a continuing and early
data and information between the

that
procedural
exchange of
DOE and NRC

2.

to identify issues early and press for
staff-level technical resolution of issues
with clear and available documentation to
support these resolutions

3.

to perform our work with openness that fully
informs DOE and states and tribes and the
public

4.

to be fully prepared to receive, review, and
recommend a decision on DOE applications

Briefly, I have emphasized today that:
o

To accomplish this will require dedication,
aggressiveness, and candor on our part. Me have
been pleased with the developing openness in our
dealings with DOE.

The national waste program is regulated by
the NRC. This provides an added dimension
to the environment to which DOE is
accustomed. Not only must the work be
technically and scientifically correct, but
that correctness must be demonstrated in the
open forum of a licensing proceeding.

o

The program must be characterized by
openness — DOE and NRC and all interested
parties must have timely access to
information, identification of issues, and
actions to address issues.

o

A quality assurance program must exist that
assures that work is of demonstrably high
quality.

o

A documentation system is necessary that
will provide accessibility to information to
confirm the basis en which decisions are
made.

Again, I appreciate the opportunity to make these
remarks in this important forum. A final word
for DOE -- you will become accustomed to seeing
us and dealing with us, but never forget our role
-- we are not your "buddies", we are your
regulators.

NRC's policy and strategy on high-level waste can
bo stated in straight forward fashion.
The Commission gives to the NRC each year what we
call "PPG" — Policy and Planning Guidance. This
provides a common basis for establishing
priorities throughout the NRC. Among the
information concerning waste management is the
statement: "... in the absence of unresolved
safety concerns, the NRC regulatory program will
not delay implementation of the Executive
Branch's program".
It is the policy of the NRC to assure that the
Department of Energy's high-level waste
repositories are constructed and operated without
unreasonable risk to the public health and
safety. We see ourselves as the public's
advocate for safety. We plan that in the absence
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NUCLEAR WASTE FUND MANAGEMENT
Robert Rosselli, Acting Associate Director,
Management
Office of Civilian Radioactive
Waste Management
U.S. Department of Energy
Washington, D.C.
When you hear the term fund, what exactly are we
dealing with? A fund is nothing more than a bank
account established for a particular purpose.
The Nuclear Waste Policy Act of 1982 (NWPA)
established two separate special bank accounts:
the Nuclear Waste Fund (NWF) was established to
finance all of the Federal Government activities
associated with the disposal of High-Level Waste
(HLW) or Spent Nuclear Fuel (SNF). The Interim
Storage Fund (ISF) is the financial mechanism for
the provision of Federal Interim Storage
capacity, not to exceed 1,900 metric tons of SNF
at civilian power reactors.

recovery of all program costs. Probably more
than any other factor, management of the fund
will be judged on how well we do in implementing
the full cost recovery mandate.
How will these revenues be used? Th<? legislation
was quite clear and specific on the use of
funds. The Secretary may make expenditures from
the NWF for purposes of:
o

Our specific topic today is management of these
funds. Since the two funds are identical in
features and the ISF has not yet been activated,
I will confine my remarks to the Nuclear Waste
Fund. I will cover three points in my
discussion: legislative features, current status
and planned activities.

o
o
o

Although the Act's provisions encompass many
elements, I shall first focus on the financial
initiatives embodied in the legislation. The
Secretary of Energy is granted the authority to
enter into contracts with generators and owners
of HLW or SNF for the acceptance of title to,
transportation cf, and disposal of these
materials. In return, the purchasers are to
provide for the payment of fees to the Department
of Energy (DOE) that will be sufficient to offset
the costs. Beginning on April 7, 1983,
purchasers must pay one mill per kilowatt hour
electricity generated and sold. For the
inventory of existing spent fuel, the law
requires DOE to develop a fee structure. This
structure has to be equivalent to an average
charge of one mil/kilowatt hour and is a
permanently fixed fee. However, for future
generated fuel, the law says that the Secretary
of Energy shall annually review the amount of the
fee to determine whether collection will provide
sufficient revenues to offset the costs of the
program. If he determines th*t revenues are
insufficient to recover costs, the Secretary will
recommend to Congress an upward adjustment of the
rate. The converse is also true. What I have
just described is the key financial concept of
the Act, i.e., the requirement for full cost

o

The identification, development, licensing,
construction, operation, decommissioning,
and post-decommissioning maintenance and
monitoring of any repository, monitored
retrievable storage facility, or test and
evaluation facility constructed, under the
Act;
The conduct of non-generic research,
development, and demonstration activities
under the Act;
The administrative cost of the radioactive
waste disposal program;
Any costs that may be incurred by DOE in
connection with the transportation,
treating, or packaging of SNF or HLW to be
stored in a monitored retrievable storage
site, or to be used in a test and evaluation
facility; and
The provision of assistance to States, units
of general local government, and Indian
tribes as mandated.

The Secretary is also constrained because the
amount of expenditures are subject to the
appropriations process. Essentially, the program
submits a triennial budget which outlines how
funds will be expended. Congress, through the
appropriation process, establishes a spending
ceiling for any given year. The program cannot
exceed this ceiling for authorized work without
the expressed consent of the Congress. This
appropriations control on expenditures leads
naturally to the principle of borrowing and
investing, two procedures also authorized in the
legislation. If the program receives revenues in
excess of their appropriated amount, the
additional funds may be invested in U.S.
Government Securities. The invyst.ment strategy
is developed within DOE and actual transactions
are coordinated with the Treasury Department.
The converse is also true.

23

If the program receives revenues less than the
appropriated amount, the added requirements may
be borrowed from the U.S. Department of the
Treasury by the Secretary of Energy. The program
may not invest funds while in a debt situation.
Finally, the legislation provides for oversight.
Each year the program must publish an annual
report which describes the activities and
expenditures of the Fund. In addition, the fund
is subject to audits. The General Accounting
Office was given Ihe responsibility to audit the
fund. That completes my discussion of
legislative provisions of the. fund. In summary,
DOE can enter into contracts/to receive revenues
to offset program costs. Ttre fund must be
carefully managed to insure/full cost recovery at
program's end. Me can bor/ow or invest through
the U.S. Treasury and theffund is subject to GAO
-audit.
'
I will now provide you with a status report on
what we have accomplished in fund management.
This sweater was knitted in a hurry because the
NWPA was a big change in the climate for
conducting the nuclear waste disposal program.
The body of this sweater illustrates some of our
major fund management accomplishments in the
eleven months since the Act was signed. DOE
developed a standard contract for use as the
formal agreement between DOE and utilities to
dispose of SNF or HLW. Owners and generators of
SNF or HLW had until Jut\e
30, 1903, to execute
the counteract with DOE1. That target has been
met. Seventy contracts have been signed with 56
different organisations, including 46 lead
nuclear utilities covering 80 licensed nuclear
plants, eight owners of industrial test reactors
and two nuclear fuel vendors. The contract sets
forth terms and conditions as well as financial
procedures and a fee structure. The specific
responsibilities of the parties include:
Purchaser: (a) remit fee payments, provide fuel
discharge information and prepare fuel for
transportation; the DOE (a) accept title to fuel,
provide transportation and accept waste for
disposal beginning on January 31, 1998.
Fee payment and collection procedures were
established by the time required in the
legislation and published in the standard
contract. Per the contract, we received our
first fee payment at the end of July which
covered the 3 month period from April to July.
He will now receive payments each succeeding the
three-month period. Payments are made to the NWF
account in the U.S. Treasury by wire transfer.
Concurrently, a remittance advice form is sent to
DOE. The remittance is verified and appropriate
accounting notations are made. The verification
is performed by DOE'S Energy Information Agency
and the accounting functions are performed by the
Office of the Controller. If a remittance is
late or an error is discovered, the purchaser is
billed and a late payment charge administered.
During fiscal year (FY) 1984, revenue flow will
approximate $30 million monthly, based on this 1
mill per kilowatt hour charge, or $320 million
dollars on an annual basis. Also, a fee
structure for existing SNF (in inventory prior to

April 7, 1983) was established by the time
specified in the legislation and published in the
standard contract. Several ways of structuring
the fee were evaluated, and it was concluded that
the best interests of both the purchasers and the
Government would be satisfied by a four tier fee
structure. Basically, a purchaser will remit a
certain fee based on the amount of burnup
associated with discharged SNF. The categories
of spent fuel burnup and the related fee are:
Burnup
0 5,000 10,000 OVER

5,000
10,000
20,000
20,000

Cost
Mwd/MT
Mwd/MT
Mwd/MT
Mwd/MT

=
=
=
=

$ 80.00
$142.00
$762.00
$184.00

The purchaser is given three options to pay for
the existing spent fuel and they have until June
30, 1985, to select a payment option. These
options are: (1) prorate the financial
obligation evenly over 40 quarters; (2) single
payment anytime prior to first delivery, and (3)
single payment on or before June 30, 1985, with
interest charges forgiven. Since we will not
know until June, 1985, what option a purchaser
will pick, we have not included the valuation of
this material in our revenue projections.
Currently, the anticipated revenue from existing
spent fuel is approximately $2 billion. We do
not anticipate any annual income from this source
until late FY 1985 or FY 1986.
The concept behind the financial operations
recognizes that the total fund management system
is composed of revenue generating activities
(that is, nuclear power generation activities
(for example, design and construction,
development, and transportation). '• The essence of
sound financial management is to maintain a
balance between tne revenue and cost generating
activities. To that end, DOE has established a
set of accounting procedures that will insure
effective control of expenditures and enhance the
process of accountability. In addition, we are
in the process of developing an integrated total
like cycle cost system which provides for the
assessment and maintenance of the relationship
between costs and revenues.
We have also completed the drafting of an initial
cash management plan. The purpose of cash
management activities is to define procedures and
practices to help utilize cash resources
effectively. Generally, the methods commonly
used to achieve this purpose are: assuring
collections, optimizing timing of disbursements,
eliminating excessive cash balances and utilizing
cash to maximize interest earned. Since our
revenue stream is essentially assured, our
present cash management effort is devoted to
estimating disbursements (or actual payments).
Since we pay interest to the U.S. Treasury on
disbursed appropriations and earn interest on
undisbursed appropriations, we must closely
project and monitor our cash payments. The
purpose is to defer expenditures for al long as
possible so we can earn maximum return on cash
received.

Closely related to cash management is the'
borrowing and investing strategy which will be
employed. Except for the initial debt which came
with the creation of the Act, we currently
project a positive cash flow which should
preclude the need for further borrowing in the
near term. We hope to pay off our appropriated
debt in FY 1986 which will open the door to
investment possibilities. The Act prohibits
investing while in debt. The investment strategy
is designed to meet the following objectives: To
provide sufficient cash to meet program
expenditures, and to maximize interest earnings
on excess cash and to minimize the potential for
capital losses by assuring investments in
Treasury instruments for which maturities are
assured. Accordingly, investments will be made
in 30-60-90-180 day Treasury Bills. Amounts
determined to be excessive to weekly cash
requirements will be invested in short term
weekly Treasury Bills. The Treasury will provide
for emergency daily Treasury Bill investments for
unknown or unusually large unexpected receipts.

Each year, the legislation requires us to
determine the adequacy of the fee. To this end,
we have started work on a Total System Life Cycle
(TSLC) Costing Program. A data base of TSLC
costs (including for example, exploration,
development, and DOE administrative costs) and
relating assumptions will be developed and
documented. Data elements for the data base will
be defined and a reporting format for these costs
will be instituted. A series of required
computer programs and ousting methodologies will
be validated. By March 1984, the TSLC costing
calculations will be completpd and used in the
fee adequacy determinations. The fee adequacy
determinations will be made in July, 1984, and
supported by the publication of a fee adequacy
report. The TSLC costs together with revenues
will be continually maintained and updated only
as appropriate.
Before I leave the status area, I would like to
summarize the status of the fund itself.
FY 83 Appropriation
Transfer:
$254 Million
FY 83 Receipts:
$74 Million
FY 84 Receipts to Date:
$79 Million
Cumulative Receipts to Date
$153 Million
Total Available for Expenditure $ W Million
Total FY 83 Disbursements
$168 Million
Total Available for Disbursement $237 Million

Arrangements have been completed for borrowing
and investing with the U.S. Treasury Department.
There are three categories of transactions:
Those related to appropriate debt, borrowed debt,
and investments. As previously stated, we do
have an appropriated debt of $254 million which
can be repaid in increments at any time. The
interest rate applicable to the initial debt was
11 percent for FY 1983 and is 10 3/8 percent for
FY 1984. The interest rate will change annually
during the month preceeding each subsequent
fiscal year. This rate will be determined by the
U.S. Treasury. Interest payments are due
annually on October 1 of each year. Interest
payments may be deferred but any payments so
deferred shall bear interest. Interest expense
will be calculated daily based on the net cash
disbursements of the fund. For new borrowed
debt, the interest rate will be fixed for the
term of the loan and the rate will be the
Treasury rate in effect during the month
preceeding the need for the borrowed debt. The
principal amount can be repaid in increments, at
anytime on a first in, first out principle.
Interest payments will be due October 1 and April
1 of each year. Finally, the Fund may make
investments in Treasury instruments when (1) cash
is available in excess of current needs and (2)
the credits from undisbursed cash and new cash
deposits exceed the appropriated debt authority
plus any borrowings outstanding. For example:
Appropriated Debt

$254

FY 84 Debt

$271

FY 83 Interest Payment on Debt

In summary, we have a solid body of systems and
procedures in place to help us manage the fund,
and we have come a long way in the past year. We
have develop?i a standard contract which contains
appropriate fee structures, collection, and
payment procedures. We have developed cash
management, borrowing, and investment
strategies. We have consummated an agreement
with the Treasury Department for borrowing and
investing. We have developed and implemented the
process of determining fee adequacy to include a
total life cycle cost program.
Our task is not complete and in the year ahead, I
see four major activities with respect to fund
management: the publication of the annual
report; the procurement of a commercial audit
contractor, the completion of a program control
system and the introduction of the interim
storage fee schedule for 1984. The annual report
which will contain a summarization of program
activities and an account of fund expenditures is
currently under development and is scheduled for
submission to Congress in February 1984. Because
of Revenues and expenditures involve several
hundred million dollars annually, the national
interest in nuclear waste management and the use
of fees from the private sector, the public will
want evidence that the waste fund is managed in a
manner that meets high standards of
accountability and financial control.
Accordingly, we plan to procure the services of a
commercial audit firm to express an opinion on
the financial integrity and operations of the
fund. We hope to begin the audit work in 1984.
Successful and cost effective execution of the

$525
Less: Undisburs^d Cash

$ 3 Million

$300

Balance Cash Deposits $250
$550
$ 25 - Available
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Civilian Radioactive Waste Management program
will require management at all levels and
throughout the organization to pay particularly
close attention to systematic planning and cost
control. Accordingly, a program-wide planning
and control system will be designed and
implemented to provide a means to establish a
baseline of program technical characteristics,
costs and schedules against which program
performance will be measured. Specific features
of this system will include: the Mission Plan,
operational plans for each major element of the
program, standard control mechanisms (such as
Work Breakdown Structures, critical path
scheduling, and change control).
The NWPA requires DOE to establish, and update
annually, a schedule of fees which will be
charged for Federal Interim Storage (FIS)
services if they are required and to publish them
in the Federal Register. The fee structure for
1984 was recently published, effective January,
1984.
The funding plan for FIS services has been
developed to distribute the costs of the service
has been developed to distribute the costs of the
service equitably among all users on a pro rata
basis. Furthermore, the payment structure has
been designed as a three step process to provide
the resources required for the FIS program when
they are needed. The first step is an Initial"
Payment, due at contract signing to cover such
pre-operational costs as capital, development,
and administrative costs and impact aid.
Excess funds from this payment will be refunded
with interest if additional contracts are signed,
resulting in a lower unit cost for the service.
The second step is a Delivery Payment, due soon
after each shipment is made, to cover any
outstanding adjustments in the Initial Payment
and all storage module costs and operation and
decommissioning costs. Transportation costs will
also be billed to the utility companies as soon
as they are determined. Finally, at the
conclusion of the FIS Program, a reconciliation
of all costs and revenues, including interest
earned on advance payments, will be made to
determine what adjustments are needed (in the
form of a Final Payment or Final Credit) to
ensure that each Federal Interim Storage user has
provided his pro rata share ofcosts, but no more.
' In closing, passage of the NWPA has given us a
•• new challenge. I have tried to describe to you
"*"!io"w we are dealing with that challenge from a
v
financial standpoint by reviewing the legislative
requirements of the fund, the program's current
status, and upcoming initiatives.

NUCLEAR WASTE FUND MANAGEMENT
Edwin A. Uiggin
Executive Vice President and Secretary
Atomic Industrial Forum

adjusting the program to match what I have
already described as a very handsome income?
What assurances do we have that the program will
not be researched to death by national laboratory
investigations, and finally, what assurances do
we have that the program will not encounter
serious cost overruns, particularly if a
significant milestone date identified in the
legislation is missed or if some major segment of
the program is delayed or halted by intervening
litigation? I found it a bit strange last
spring, but I think it less so now, when the
Office of Technology Assessment (OTA) suggested
that the mission plan for meeting a firm
repository schedule should be based on a detailed
analysis of potential technical and institutional
failure that could prevent achievement of the
goal. The OTA study went on to point out that
the plan should include measures to minimize the
likelihood of such failures, as well as
contingency plans for mitigating the effects of
any failures that do occur. With further
reference to the mission plan, OTA was concerned
at that time about whether DOE would put enough
money into preparing a plan that would meet all
the requirements prescribed for it in the Act.

My comments this afternoon will reflect in part
some information that we have exchanged from time
to time within an industry oversight group. I
suspect the Department of Energy (DOE) has a
different name for it, that Atomic Industrial
Forum, (AIF), American Nuclear Energy Council
(ANAC), American Public Power Association (APPA)
and National Rural Electric Co-operative
Association (NRECA) put together to advise the
nuclear utilities who are footing this bill for
the program on whether their money is being well
spent. We are going to be watching very closely
the kind of cost controls DOE builds into the
program and their effectiveness in triggering
warning signals.
On the other hand, it seems to me naive, if not
disingenuous to attempt at this point in time to
discuss in any detail the kinds of cost controls
DOE is using, should use, or what they do or do
not reveal about their stewardship of the
program. It is simply too early for anyone
outside the program to conclude anything about
performance at this point in time. All that can
be done at this stage is to come up with an early
indication of concern, as well as an indication
of the kinds of program events and milestones
that we plan to follow.

I might have been inclined to join OTA in this
concern, except for the fact that personnel in
DOE's Office of Civilian Radioactive Waste
Management have been telling us for some time now
that all the answers to our questions of the past
several months will be contained in the mission
plan. One might assume from the structure of the
office and from the mission plan outline that
adequate costs and operating controls will be
included in the mission plan, but as yet no
details are, of course, available.

We may find that many of our concerns have been
satisfied with the Office of Civilian Radioactive
Waste Management's mission plan, which was
mentioned several times today, once that plan has
been published. It is probably fair to
characterize DOE's overall waste program as a big
bucks effort. We are looking at a program that
is being supported by a near term tax income as
Bob pointed out of $30 million per month. It is
a program that will have spent 18 to 20 billion
dollars in current dollars by the time an
operating repository is ready to receive waste.
Where do we see major problems arising?
Certainly not in the supporting technology. I
see no reason why the technology as it: exists
today or as it is further refined as we move into
the 1990's should pose any serious problems. On
the other hand, I find myself much less sanguine
about the institutional, political and cost
control aspects of the program. For starters,
what assurance do we have that income will be
adjusted to meet program needs in contrast to

I would hope that the mission plan, also, spells
out the kind of cost data DOE plans to use in
coming up with the annual cost estimates required
by the Act. We think the program needs a
controller and reporting system that will permit
DOE to assign specific budget limits and
schedules to specific program tasks.
If a given task were to be assigned a completion
date of more than one year, it should then be
assigned interim milestone dates against which
the task could be monitored as it was proceeding
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towards completion. This would permit DOE to
uncover any problems that might have arisen
during the course of the work and to take any
corrective action that seemed warranted. Again,
all of this may be provided for in the upcoming
mission plan.
Only with such a system in place will most people
-not having day-to-day hands-on contact with the
program be able to follow the program in
sufficient detail to be comfortable with its
progress and with the manner in which funds are
being spent.
In winding this up, I should acknowledge that I
have raised a number of questions and provided no
answers.

NUCLEAR WASTE FUND MANAGEMENT
Larry Hobart, Deputy Executive Director
American Public Power Association

The Nuclear Waste fund involves a number of
features which make it a unique federal program.
Its primary purpose is to finance one of the
largest and most controversial public works
programs in the history of the United States.
Despite the program's indicated size and advance
publicity, no one knows exactly where the .
anticipated projects will be built, who will
construct them, what they will look like when
they are done or how they will be operated and by
whom.
Implementation of this effort, if statutory
•targets are actually met, covers a 16-year
period. This is the equivalent of four
Presidential terms, eight Congressional elections
or 10 Secretaries of the Department of Energy
based on average tenure to date.
To comprehend the changes which could take place
during more than a decade and one-half of
chronological time, it is useful to look back and
think what has happened in the energy field in
the last 16 years, 1966 to 1982. To cover the
costs of the program, the Federal Government will
tax nuclear power at the rate of 1 mil per
kilowatt hour generated. Current estimates
suggest that this regressive excise or sales levy
may produce some J>7.5 billion by 1998, the year
by which permanent repositories are scheduled to
be operating. This makes it one of the biggest
and longest-lived examples of advance collections
for construction work in progress in the history
of the United States. While the Department of
Energy is authorized to collect funds for the
program, another government agency, the Nuclear
Regulatory Commission has the authority to cut
off this revenue strewn by the shutdown of
particular reactors or particular reactor types.
If all goes well, the Federal Government will
begin receiving spent nuclear fuel by 1998,
continuing to assess 3 fee which will cover
operating and maintenance costs. If all does not
go well, the Federal Government and/or utilities
will have to take other steps to solve the
problem of permanent disposal. Should the latter
circumstance prevail, presumably not only fuel
used to date but the $7.5 billion would be spent.
The Nuclear Waste Policy Act of 1982, contains no
clear provision for utility refunds in that

case. While the Act lays out a series of very
concrete milestones for creation of the physical
facilities required to handle spent fuel, it,
also, creates a fantastic flow chart of
procedural checkpoints. In terms of local, state
and federal relations, the opportunity for
political interplay is probably unsurpassed in
recent legislative enactments. Whatever public
assessments and arguments take place, including
those which may distort or destroy timetables,
the fund will inexorably collect from every
operating nuclear power plant 1 mil per kilowatt
hour to earn interest, if not advanced storage.
Thus, as these facts indicate,the administration
of the Nuclear Waste Management Fund is a public
administration challenge of the highest order.
For the DOE the challenge is to ensure that the
monies collected from consumers through their
rates are not in excess of actual need and are
expended on goods and services which actually
advance the goal of facilities in place by the
designated date. For utilities the challenge is
to pay the tax and to scrutinize the use of funds
to be sure that their use results in efficient
and steady progress towards legislative goals,
and my assignment today is to talk about this
utility task.
The American Public Power Association (APPA)
represents some 1750 publicly owned electric
utilities throughout the United States, and we
have a definite interest in the administration of
this Act. Six of our members own and operate
basic nuclear power plants, and far more have
fractional interest in such plants or buy power
from other utilities who operate them.
Many of our members have signed contracts with
DOE for nuclear waste disposal services and, of
course, are keenly interested in the
administration of the fund.
%
Utilities which we represent are concerned as to
whether they will be able to receive adequate
information to judge the administration of the
Act and the implementation of this long-term
program. 4
Utilities are trustees for rate payers and
because of the great sums of money being
collected for this program, utilities believe

that they should be kept well informed of DOE'S
activities at each stage of the program and that
they should be advised of decisions made in its
operation. Recently APPA surveyed its member
utilities who have signed contracts with DOE to
see what they seek in the way of information and
involvement in the program. Information which
utilizes would like to have available on a
routine basis and in sufficient detail to permit
feedback and a meaningful give and take with DOE
include these matters: First, program objectives
and planning documents; second, results of
evaluations of program alternatives; third,
periodic program status reports; four, proposed
budgets with estimated cost projections; five,
contracts awarded with descriptions of results to
be achieved; and six, program reviews performed
by DOE contractors or government organizations.
All APPA member utilities who were surveyed
indicated their support for some structure which
will allow them to be able to work directly with
DOE in the development and the evaluation of the
waste program. To achieve this aim, it is
possible that DOE could establish a utility
liaison office within the Office of Civilian
Radioactive Waste Management to maintain contact
with each organization that has signed a contract
for disposal services. The utility contact with
this liaison office could be approached perhaps
in two ways. The first approach would permit
each participating organization to appoint a
representative through whom DOE would maintain a
dialogue on a one-to-one basis. This would mean
some kind of individual contract with 56
representatives. Officials from the liaison
office would be available to field utility
questions and to receive individual comments.
Another approach is for DOE to establish a
utility liaison office. This panel could consist
of representatives from each segment of contract
signers. A review panel would facilitate
communication between DOE and program
participants and would provide the opportunity
for utilities to be kept informed at each stage
of program development. This cooperative effort
would give individual industry groups the
opportunity to interject comments and
recommendations and to give review panel
representatives and DOE the benefit of
specialized knowledge and support.
t
Utilities point out that contracts presently in
existence give no firm commitment on the part of
the Federal Government for waste disposal
facilities but do expect a commitment from
utilities of set sums to be paid into the waste
fund. The contract holders want to know the
types and the amounts of expenditures are cost
effective and whether they are authorized under
the Act.
Utilities have suggested that an independent
third party, acceptable to utilities and outside
of government be retained to conduct an audit of
the program to allay doubts that the waste
disposal program is meeting its milestones in an
efficient and cost effective way. Utilities
would, also, view technical briefings as
extremely helpful, particularly if conducted

routinely during the formative stages of
planning. Such briefings could include full
discussion of the major task to be,performed by
key DOE contractors. APPA, along with other
organizations interested in this Act, is looking
forward to the appointment of a permanent
director to the Office of Civilian Radioactive
Waste Management, which is a goal clearly on the
mind of Congressman Udall, as we learned at lunch
today. We are approaching the end of the first
year of the program with a very capable Acting
Director. However, to give credence to the goals
of the Nuclear Waste Disposal Program and to
provide the durability of a nuclear waste program
which involves large sums of money and covers a
protracted period of time, both a permanent
director and an adequate staff to carry out the
various tasks set forth in the Act are definitely
needed.
In June of this year the Office of the Secretary
of DOE published a report on financing the
disposal of commercial spent nuclear fuel and
processed high-level radioactive waste, and the
report asserted this and I want to quote a
paragraph from it. "Cost uncertainty provides a
dominant financial hazard for the Nuclear Waste
Disposal Program. Costs could escalate swiftly
as the program develops, and the original
estimates could provide to be too conservative.
Unanticipated cost growth can arise from a number
of factors, including lack of information in the
early stages of engineering, imprecise program
definition, changes in program scope,
unanticipated regulatory changes, faulty
inflation projections and inadequate cost control
measures. Exercising stringent cost control over
a program as complex and enduring as the nuclear
waste disposal effort is important to the
successful implementation of policy."
Representatives of consumer-owned utilities who
will cover th,e cost share this belief. We must
not lose sight of the. fact that the Nuclear Waste
Policy Act is a goal-orfented statute with a
specific objective, physically putting in place
facilities to store spent fuels safely for a long
period of time. Expenditures must be viewed in
the light of how efficiently and effectively they
advance this aim. In a variety of ways, the
statute encourages open planning and carrying out
this job, and since they are paying partners,
utilities should be wrapped into this approach.
APPA is pleased to take part in this informal and
informational meeting today on the Nuclear Waste
Policy-Act of 1982, and we appreciate the
opportunity to present our views and comments on
the implementation of the Act. If we have time
for questions later on during this plan, I would
be pleased to respond on behalf of public power.

NUCLEAR WASTE FUND MANAGEMENT
Loring Mills, Vice President
Nuclear Activities, Edison Electric Institute

We recognize that a key that unlocked the
Congressional log-jam to achieve the waste bill
was the establishment of contracts, and Bob
suggested that I might spend my time talking a
little about the contracts. I have crossed out a
lot of the words that I had prepared because
others have already touched on them. It does
provide that mechanism for funding a program
without using general tax dollars. As indicated,
we have 70 contracts in existence. The process
of developing that contract language last spring
was a rather interesting one in which a lot of us
had some dialogue. Four-letter words were
exchanged, also. The Department of Energy, (DOE)
did consider the contract concerns of utilities
and others, consequently substantial improvements
were made over the initial draft as a result of
the rule-making process, but there are still some
open questions.

budget by minimizing the amount of outflow of the
money, and we must resist that. Congress
recognized that you will not always have a
balanced cash flow in any one year. They
provided a mechanism so that wasn't necessary.
While the program must be funded sufficiently to
assure full cost recovery, it does not require
that balanced cash flow in any one year.
There are some who are concerned about the equity
associated in the contracts, but we are pleased
to have them. They provide the lubrication to
get the job done. We really were never under an
illusion that we would get a fair and equitable
contract with DOE, with firm commitments and
detailed performance standards, with penalties
for non-performance. We were not really looking
for that, however, there were many concerns
expressed by the utilities that were not
resolved, as we believe equitably during the
contract generation process. Because several
concerns were not handled satisfactorily, we
fully expect to see a petition initiated for
rule-making to achieve a more reasonable
understanding on several issues. The money
question is not involved. It is a matter of some
of the performance assurances, to include some of
the things we heard this morning which were not
embodied in the contract.

Basically these contracts do call for regular
large payments to DOE; and as was indicated,
these monies are flowing at a rate of over $300
million a year. Those of us in the
investor-owned utilities support the concept of
cost-work in progress. There are others that
don't always do that, but we do support that, and
encourage it to be used in our own area, too.
The money will continue to flow as long as
electricity is generated by nuclear power
plants. While Congress did set the initial rate
at 1 mil per kilowatt hour, it also gave DOE the
permission to change that fee to make sure they
covered the full cost of the program. In
addition to money, we are providing a great deal
of information on the spent fuel quantity and
characteristics.

While no petition.has been initiated yet, the
utility industry has identified several elements
that appear to be worthy of such a position, and
it can be done by anyone at any time. In all
probability it will be revisited several times
over the many decades that these contracts are in
force. After all, these contracts are expected
to be paying in as long as any utility is
generating nuclear electricity, and that, we
hope, is for several decades. When the contracts
have been signed, one could question about
deliverables compared to the time in which the
payments are made. Any court review of the
contract might challenge whether the equity
principle is satisfied or whether the contracts
really bind only one party; the utilities. That
won't be resolved, but it is a question. While
most persons are resigned for the time being to
the contract as it exists, a few utilities and an
owner of spent fuel, have initiated lawsuits
against DOE on specific provisions of the

In return for the money within the contracts, DOE
has promised that it will take the nuclear waste
some unspecified day, at some unspecified rate,
hopefully, starting in 1998. The DOE promise
must be carried out, and it is our task as
contract holders to do everything we can to
assure that it is achieved.
Now, there are some folks who are concerned about
how rapidly the money flows out. There are those
in the Federal Government; I won't name any place
like OMB or any other, who may try to balance the

31

contracts that might have incentives for doing
the job more efficiently.

contract. Each claim that DOE did not proceed in
full accordance with the legislation. The two
open questions at this point are: should the
charge of 1 rail per kilowatt hour have been based
on net or gross electricity generation; and is
the fee formula that Bob described for the
charges assessed on spent fuel prior to April 7,
in accordance with the legislation? I guess the
courts will decide these questions in time, but
neither should affect the progress of the program
nor the total funds available to DOE in carrying
out the mission.

Lest we forget others, such as the large number
of potential contractors who do look at this as a
pretty good place to participate; have received
alot of help; and they want to participate. Some
observers suggest that they represent a
reasonable threat of getting the job done
effectively and efficiently.
Perhaps there should be one, two, or possibly
three open-ended time and material contracts
permitted for the program, that should go to the
overall program managers for hands as needed. I
wonder about all the rest. I think all contracts
should be sufficiently detailed to secure
competitive bids on definable chunks of work at a
fixed-cost basis with incentives. The program
will span many decades and use many contractors
that are unable to perform on a fixed basis and
produce the deliverables they promised to provide.

Now, one of the things that Bob did indicate when
he invited us here was that there would be a
small group to talk about this particular issue:
1,200 people are here talking. I would like to
relate to the audience to a little extent, and I
would like to get some indication of the audience
makeup. I will do this by asking a question and
asking you to raise your hand according to which
group you may classify yourself in. I put these
people into several groups. The first group is
the utilities. These folks generally have an
interest because they are providing money. The
next group is the researchers in the national
laboratories. The third group are contractors.

Contractors, without such contracting principles,
we will duplicate some of the unfortunate results
that are being experienced in building nuclear
power plants. Contractors took no risks on many
of these programs and were rewarded for work when
projects were stretched out, and the costs ran up
wildly, as they muddled through time and
materials contracts. Such will be the same in
the Nuclear Waste Fund if it is allowed, and it
is not necessary.

We have a pretty good mix. I have been talking
about the contract as it relates between the
utilities and DOE. There are also other
contracts, such as the contracts required between
DOE and the states, and which were discussed
earlier. Who is going to control these
contracts? Who is going to assure that — those
who are responsible, will carry out these
contracts appropriately? Now, as Larry
indicated, the utilities are trustees of the rate
payer in providing electricity. We look to DOE
as a secondary trustee to the rate payers to make
sure that they satisfy their fiducial
responsibility in spending these monies
accordingly.
*

There is no shortage of willing contractors that
want a piece of the action, and a firm contract
basis can be established for that
participation. I can hear the howls of my
friends now. I used to be a contractor, but DOE
must be firm if it is to serve as a real trustee
of the rate payers. Firm contracts with
penalties have been established for money flowing
into the fund. We pay penalties if the money is
incorrectly assigned going into the fund. Such
should be provided for monies flowing out.

One might ask should any money flow from the
Nuclear Waste Fund on any other basis than a
contract? I am not sure that it should. One of
the great concerns of our industry is whether DOE
will be able to break from its past practice over
the last three decades of funneling monies to the
national laboratories and other places for this
particular program. Enough research is enough
for certain types, there is a lot more work to be
done, but this program should not be tapped as a
mechanism for perpetual research activity. The
caring and feeding of the national laboratories
should not be provided out of this fund alone.

How about other contracts? What is the
arrangement for monies flowing out? What is the
arrangement for disposal of civilian wastes from
the DOE programs or the Federal programs? There
are such wastes, and if we have a decision that
defense wastes will not be disposed of in a
separate repository, shouldn't that be covered
under contracts with monies flowing into the
fund, as we now have from the civilian side?
Now, look at the progress of DOE over the past
year; much has been achieved. While some may
consider the effort inadequate, you must not
forget that dramatic changes were required by the
Act. Those who perceived that the Act codified
what DOE had been doing and how they were doing
it were plainly incorrect. A new approach was
necessary. Hopefully, the new approach is coming
about. Most of the problems are political and
institutional, which is why we had to have
legislation. Yes, there are many technical
problems to be resolved, but the main problems
are the political and institutional elements.
Hopefully, we have a path through which to weave

Perhaps a way to sever this is to define the
research needs in specific definable increments
and secure competitive bids on each research
package. Now, since I, too, have worked in the
national lab, I am fully aware of the holier than
thou concept held by most researchers, that you
cannot schedule research in either time or
dollars. This is not true. This may be true for
basic research, but we have been doing that for
30 years. At this point we need to define the
deliverables and actually work on them in a
definitive basis that could be handled with

3.2

that progress and we will know about that only
after we have gotten through it.

to the customers. Perhaps even the Federal
Government could benefit by heeding that advice.

However, it would be helpful if DOE would assign
its most capable people to permanent positions on
the program, to establish a well-staffed,strong
central control office, and move more diligently
on the program.
One of the most important tasks is the mission
plan, and it doesn't show up on the agenda of
this meeting. I think Mr. Morgan did talk about
it this morning and we were pleased to hear that,
but it is a major component of this overall
program. We look forward to it being used as a
yardstick through which we can measure the
progress of the program. I might comment from
our vantage point of Scrooge that there are four
major and many secondary impediments to achieve
the desired results. The four big ones are the
conventional DOE approach to programs. The
secondary ones are the potential host states who
are concerned about whether it should be in their
state. The others are the academicians, the
researchers, and the contractors. Now, did I
leave out anybody? I did not include the
utilities. We are willing to provide the money.
Overcoming these impediments calls for some
pretty tough approaches to be taken. As I
indicated earlier, we think we should establish a
strong central control program in place of the
normal decentralized approach used for most DOE
programs. We believe that you should develop an
effective means to work with the potential host
states and localities to resolve the very
difficult political and institutional issues; we
heard some favorable elements of that earlier
this morning. Wasn't it the State of Washington
that gave an A plus on all things that DOE did? t
We must secure the ability to select and fund
definitive contracts that only possess elements
of research that are appropriate, and to resist
the pressures of the academicians and national
labs to continue their approach over the last 30
years to study everything forever. An effort
must be made to establish a mechanism for the
selection of contractors on competitive bidding
on fixed price basis to perform the task with
defined deliverables.
Utilities under the auspices of the utility
nuclear waste management group have had a
coordinated program over the past eight years as
continuing a coordinated effort to help bring
about the necessary legislation and the
regulations in a responsible program. This group
already has changed its emphasis to that of
providing utility industry oversight on the
implementation of the program. DOE and others
can be assured that they will hear from this
group often and forcefully. It will not be
bashful, and it will assist all member utilities
in carrying out their responsibility as trustees
of the rate payers in seeing that the program
mw
moves forward effectively and efficiently.
As another point of reference, many of you have
read the book that was in vogue this summer,
Peters and Waterman on In Search of Excellence.
One of the elements in that book is to get close
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U. S. DEPARTMENT OF ENERGY PERSPECTIVE ON STORAGE EFFORTS
Robert H. Bauer, Associate Director
Storage and Systems Development
Office of Civilian Radioactive Waste Management
U.S. Department of Energy
Washington, D. C.

capacity onsite. This interim storage would be
provided at one or more facilities owned by the
federal government.

At present and projected rates of reactor
operation, it is clear that we in the U.S. will
generate spent fuel inventories in excess of our
existing at reactor storage capacities before
geologic repositories are available. In
recognition of this fact, the Nuclear Waste
Policy Act of 1982 (NWPA) establishes a road map
and set of authorities and responsibilit 'es for
the Department of Energy (DOE), Nuclear
Regulatory Commission (NRC), and the utilities to
jointly overcome this problem.

Last April, NRC published a proposed rule that
can be summarized as requiring that the person
requesting the determination must clearly
demonstrate that federal storage is the only
reasonable feasible option remaining. This rule
elicited comments, thirty-one responses, and
final NRC staft review is in progress. One
should expect that ,NRC action on the rule will be
completed this winter. In June, DOE submitted to
Congress a report on the methodology to be
followed in establishing charges for the
provisions of interim storage and on December 2,
1983, the Federal Register Notice establishing
the charges for calendar year 1984 was issued.
To date we have received no hard data regarding
the early need for FIS.

Briefly stated, there are three avenues available
to us that, in combination, can bridge the time
period between now and 1998. First, the use of
presently licensable technologies, e.g., wet
pools and re-racking. These are presently being
employed by the utilities where feasible and
economical.
Second, the demonstration of known technologies
so that they may be licensed by NRC rule. These
include rod consolidation techniques and dry
storage at reactor sites. Dry storage techniques
are presently licensed in other countries, and
are attractive since they employ passive cooling,
lend themselves to modular construction, can be
provided at relatively low capital cost, and
require lower maintenance expenditures. Under
the NWPA, the costs of rod consolidation and dry
storage technologies are to be borne by the
utilities. The DOE and NRC however, do have
clearly assigned responsibilities to facilitate
and expedite their early licensing. We are
presently negotiating three cooperative
arrangements, two of which are related to dry
storage and one for rod consolidation. We are on
schedule in this endeavor and these
demonstrations in conjunction with other efforts
previously conducted or underway should provide
the solution to the interim storage problem for
most, if not all, of the spent fuel inventory
build-up problem.

A brief synopsis of where we stand on spent fuel
storage would be incomplete without a mention of
Monitored Retrievable Storage (MRS). The NWPA
requires that the Secretary shall (submit to
Congress by June 1, 1985), a study of the need
for and feasibility of, a proposal for
construction of one or more MRS facilities. The
proposal shall include:
o

Establishment of a federal Program for the
siting, development, construction, and
operation of MRS facilities.

o

An MRS funding plan.

o

Designs, specifications and cost estimates at least five different designs for a
minimum of three sites.

o

A plan for integrating the MRS with
repository and spent fuel storage facilities.

The proposal is to be accompanied by an
environmental assessment.

A third feature of our combination of solutions
is the provision of Federal Interim Storage (FIS)
DOE is authorized, upon NRC determination of
need, to provide for the storage of up to 1900
metric tons of spent fuel from reactors that
cannot reasonably provide adequate storage

Any facility authorized shall be subject to the
same requirements as the repository program
regarding: review of site selection,
notification of states and tribes, state
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participation in siting decisions, consultation
with states and affected Indian tribes, and
participation with general public.
The MRS mission, you have heard it alluded to
here this morning, is a parallel or backup
storage capability in case thera is an
unavoidable delay or failure in a repository
program or until such unforeseen events occur
that would require early deployment. As a
minimum it is our evident guarantee that we will
be able to take spent fuel by 7988, to the extent
that such guarantees are possible.
Our strategy is to develop designs for two
different storage concepts for the three sites
for a total of five designs. These facility
designs are expected to be sufficiently flexible
so that they will meet the needs of any waste
system.
The conceptual design is under independent review
during the course of these meetings.
Representatives of external organizations are
meeting and reviewing our work to date, and these
include representatives of the National
Conference of State Legislatures, the Edison
Electric Institute, the National Academy of
Sciences, Office of Technology Assessment,
Electric Power Research Institute, Wisconsin
Electric, and the American Nuclear Energy
Council. We have selected an
Architect-engineering team through a competitive
solicitation; the MRS functional design criteria
was approved in September of this year, and we
expect that the primary and alternative concepts
will be selected this month.
Last June we submitted to the Congress an
research and development needs report, and it
concluded that the MRS proposal could be prepared
using current engineering design practice and
procedures without additional research and
development. We expect early next year, probably
in February, that draft MRS siting guidelines and
the siting approach will be prepared and released
for comment.
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STATUS OF U.S. STORAGE EFFORTS
Ronald H. Leasburg
Senior Vice President
Virginia Electric Power Company
Richmond, Virginia

We can provide the additional storage that we
need in the near term by shipping spent fuel from
Surry to our power station at North Anna. There
are, however, four major problems in carrying out
our plans for transshipment.

After almost a year, the Nuclear Waste Policy Act
of 1982, looks more important to the electric
utility industry than ever.
It was a great victory for an industry that has
recently had too few wins of any kind. We had
worked hard on the legislation, and its passage
gave us new confidence that the political and
institutional barriers to nuclear waste disposal
would finally be overcome.

First, our previous reracking of the spent fuel
at North Anna was challenged in court. Dismissal
of that challenge depends on confirmation of the
NRC's draft findings that spent fuel can be
stored safely at reactor sites for 30 years after
the end of the operations and that within that
time a permanent respository will become
available.

But the euphoria has faded and the task of
implementing the Act has begun. And we can see
clearly how difficult it still will be to carry
out an effective and timely nuclear waste program
even with the potent legal foundation that the
Act provides.

Clearly, passage of the Act provided a major
basis for the NRC to reach that conclusion.
Implementation of the Act must not be allowed to
cast any doubt on that finding.

The Act, as you know, gave the utilities primary
responsibility for interim storage of spent
fuel. To aid us in meeting this responsibility,
it provided for research and demonstration
projects and for improvements in the Nuclear
Regulatory Commission's (NRC) licensing of
utilities' spent fuel storage programs.

s-icond, our applications for further reracking
and storage of Surry fuel at North Anna are being
challenged before the NRC.
Our applications were filed in July and August of
1982. Given the litigation process that lies
ahead, we don't expect a decision before late
1984, at the earliest.

Virginia Electric and Power Company is among the
first utilities threatened with a loss of
adequate storage capacity for its spent fuel. We
now expect to lose full core discharge capability
at our 1600-megawatt Surry power station in early
1986. In the next year, we would lose ability to
refuel and closure of the plant would inevitably
follow.

Because we filed before the 1982 Act was passed,
Vepco will have no benefit from the Act's
provisions for expedited licensing and a reduced
scope of licensing issues. However, our
experience offers a good illustration of the need
for faster action on applications to deal with
spent fuel storage problems.

We've calculated that loss of the two Surry units
would add at least $350 million dollars a year
nearly 50 percent, to our total fuel costs. The
impact on our electricity rates and on the
pocketbooks of our customers would be horrendous.

The NRC's proposals to implement expedited
licensing were issued only last week with
comments due by January 5.

Vepco is not alone in facing the Toss of adequate
storage capacity. Between 1985 and 1990, 23
additional nuclear units are projected to lose
full core reserve unless additional storage
capacity is provided.

While the proposal is still under evaluation, at
first blush it doesn't look very promising. One
of the two options seems likely to slow rather
than speed licensing by resulting in more
extensive discovery.

It may be instructive to review how the Nuclear
Waste Policy Act is affecting our effects to
solve our interim storage problem.

The other option essentially provides an
alternative way of getting summary disposition of
issues with standards that are somewhat more
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favorable to the applicant. I f all of the issues
in an application can be handled in that way 1t
could provide some modest help.

Obviously the suitability of these casks for the
storage of spent fuel must be determined. But 1t
does not need to be done again and again.

Overall the proposal is a disappointment. And at
this stags, whether and how much anyone will
benefit from the Act's intent to speed up the
licensing process remains to be seen.

Unfortunately, current 10 CFR 72 Rules prevent
the Issuance of a generic license or type
certificate for these casks. The casks must be
relicensed for every f a c i l i t y where their use is
proposed.

Our third d i f f i c u l t l y is that storage of spent
fuel from Surry at North Anna is now prohibited
by a local ordinance. That ordinance has been
overturned by a federal d i s t r i c t court and we are
awaiting a decision in 1984, by the Fourth
Circuit Court of Appeals.

I f that rule prevails, the electric u t i l i t y
industry may have to contest the same issues over
and over again with needless cost, delay and
uncertainty. I strongly urge the NRC to change
i t s policy and provide for generic licensing of
casks for dry cask storage.

The Act gives us no direct help with that
problem. However, i t has buttressed our argument
that the federal government has preempted the
regulation of nuclear waste.

Even though our application for dry cask storage
is uncontested, approval doesn't look likely
until sometime in 1985.

Fourth, a locality along our shipping route has
passed an ordinance requiring its permission for
the movement of spent fuel through i t s territory.

In these circumstances we're pleased that the
research and development program that the Act
provides for is moving ahead on schedule.

I f that ordinance is applied as we hope and
expect, i t won't prevent our shipments. I f ,
however, we must challenge i t s restrictions, our
position is greatly strengthened by the New York
Federal Appeals Court's decision upholding the
transportation department's rules on the shipment
of radioactive materials.

And we're especially pleased that Vepco has been
selected, together with Carolina Power and Light
Company and Northeast U t i l i t i e s , to negotiate
separate agreements for demonstration projects
related to dry storage and fuel rod consolidation.

But even with that decision, we could be in for
repeated rounds of lengthy, costly l i t i g a t i o n on
local transportation restrictions.

We want, to demonstrate dry storage cask
technology at our Surry site. This would
i n i t i a l l y be a licensed program, using a
conservative approach that is being discussed
currently with the NRC. This includes use of an
inert atmosphere, unconsolidated fuel rods, and
old fuel.

The project we propose has several phases:

The Act doesn't help with the transportation
d i f f i c u l t i e s that may arise in i n t r a - u t i l i t y
transshipments. But the possibility, and indeed
the probability, of problems in transportation
demonstrate how important i t is that the Act
gives DOE t i t l e at the plant gate to spent fuel
destined for demonstration projects, storage and
permanent disposal. DOE w i l l be better able to
carry out the necessary transportation in the
face of opposition than the separate u t i l i t i e s .

In parallel, we want to demonstrate, on a federal
s i t e , that the currently proposed casks w i l l be
able to store fuel with heat generation near the
design limits of the casks. In addition, Vepco
proposed to investigate the storage of
consolidated fuel and storage in air.

As you can see, we s t i l l face significant
uncertainties in our effort to meet our interim
storage need by transshipping spent fuel.

Furthermore, we have suggested to DOE the
possibility that these casks can be used for
interim storage and then transported to and
placed in monitored retrievable storage or in a
permanent repository. This provides a system
approach that could lower the total cost of
interim storage and transportation. Vepco is
willing to participate in a program of this type
with DOE and other u t i l i t i e s .

Since mid-1981, we have been pursuing a parallel
program to provide for dry cask storage of spent
fuel from Surry.
Unfortunately, that won't get approved quickly
either.

Dry cask storage, i f shown to be practical and
economic, can provide a safety valve in case we
are unable to transship to North Anna.

We filed our applicatfon in October in 1982, and
received t h e ' f i r s t round of questions from NRC
nearly a year later. Those questions w i l l
require considerable evaluation.

Of course the Act contemplates thai federal
interim storage w i l l be available i f needed to
ensure continued operation of a unit and i f
specified alternatives are being diligently
pursued.

In the meantime, two of the potential suppliers
of casks have sent NRC the reports that provide
information related to the use of their casks at
our Surry f a c i l i t y .

The NRC has commendably proposed that maintenance
of f u l l core reserve be a basis for use of
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federal interim storage. Unfortunately, an
argument is being made in DOE against that
position.

much less completed within the one year period
prescribed by the Act. It's time to get that
effort underway.

In fact, full core reserve will be needed under
many possible conditions. While Vepco believes
it's safe to operate without full core reserve,
to plan to operate in that mode would be pure
folly.

The problems and delays already encountered are
harbingers of future difficulties in meeting the
deadlines in the Act.
We understand that the forces for delay are
strong. Prior to the passage of the Act they
were dominant and we spent two and a half decades
getting nowhere.

Even with transshipment, we will need additional
interim storage before DOE begins accepting fuel
for permanent disposal. Dry cask storage may be
able to meet that need.

If delays are tolerated and if schedule slippage
goes uncorrected, we will soon be back in the bad
old days before the Act.

The dry cask techniques can also play an
important role for other utilities and can lessen
the demand for federal interim storage.

It's not too soon to invoke provisions of the Act
that call for responding to delays with analysis
of the causes and action to get the effort back
on schedule for operation of a permanent
repository in 1998.

The good progress already made on the R4D program
must be continued. Any cutback in the scope of
the demonstration projects would be the epitome
of a penny-wise but pound-foolish policy.
In short, I see the demonstration program as
extremely valuable and on the right track.
Otherwise, while the Act was never intended to
solve utilities interim storage problem*, it has
thus far provided even less help than we might
have hoped.

I would urge also that a way be found to bring
the electric utility industry into the
policy-making process. The decisions that will
be made have huge consequences for our industry.
We are intensely interested and I believe we can
contribute to the formulation of sound and
workable policies. We'd like the opportunity.

Let me turn now to the program for (.•srmanent
disposal, where, I regret to say, there are
already some disquieting developments.

In any event, we hope that 1998 will remain the
target date for the opening of a permanent
repository. We hope that the statutory goal will
be met.

First and foremost the July 7 deadline for
creation of site selection guidelines was missed,
with what could be very serious consequences.

But whether it is met or not, we will expect the
Department of Energy to begin accepting nuclear
waste in 1998 as required by law and contract.

The proposed guidelines went from the Department
of Energy to the NRC for concurrence only about
two weeks ago. I understand that the NRC's
consideration will take six to eight weeks at
least. Slippage of seven months or more in
adopting the guidelines is bad enough. But in
addition, it throws the site selection process
into the politically difficult atmosphere of a
national election year. I fear that portends
further delays.

In the electric utility industry, we need to be
able to rely on that date as the certain
beginning of our disposal of nuclear wastes.
Many utilities will be hard pressed to provide
for the storage they require prior to 1998, and
continued interim storage after that woultfl>e
still more difficult and costly. And our
ratepayers should not be asked to pay for
permanent disposal and then to bear additional,
unnecessary costs for prolonged interim storage.

Second, the crucially important position of
Director of the Office of Civilian Radioactive
Waste Management remains unfilled on a permanent
basis.

The need for utilities to begin handing over
nuclear waste in 1998 adds to the importance of
timely development of monitored retrievable
storage (MRS).

It is no criticism of the work of the acting
director to note that the lack of a permanent
director increases the chance of drift and delay,
impedes the attraction of highly qualified staff
and sends the wrong signal about the importance
that the administration places on this program.

MRS of course faces siting problems much like
those for a permanent repository. But an
engineered facility can avoid the difficult and
time-consuming geological issues that must be
considered in choosing a permanent site.
Progress should be faster than for a permanent
repository. Furthermore, some of the results of
the demonstration projects may be directly
applicable in developing MRS facilities.

Again, the approach of the election makes it all
the harder to correct this deficiency in 1984.
Third, the study of alternative ways of managing
the construction and operation of civilian
radioactive waste facilities has not been started

We're pleased that work on the MRS program is
going forward and we hope that excellent progress
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w i l l be made. MRS should get the emphasis i t
deserves as an important and perhaps crucial
element of the nuclear waste program.
All of us here know that the nuclear waste
disposal problem must be settled to avoid
threatening the continued operation of our
existing nuclear units.
And the units that would be most threatened by
delay are those that generate the lowest cost
electricity that America has. Their loss would
be an economic catastrophe for the homeowners and
businesses they serve and for the entire economy.
The Act balanced the interests of the states and
of electricity users the interest of the states
in being able to participate in site selection
and the interest of electricity users in action
on a realistic schedule to finally provide for
permanent disposal.
I fear we are starting to lose that balance in
the implementation of the Act. But the nation
cannot afford to slip back into a pattern of
d r i f t and delay.
We need to make the Act work and to make i t work
on schedule. After one year's experience, that
is clearly a challenge for all of us.
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GEOLOGIC REPOSITORY DEPLOYMENT
PROGRAM REVIEW
by
0. William Bennett, Acting Associate Director
Geologic Repository Deployment
Office of Civilian Radioactive Waste Management
U.S. Department of Energy

The geologic repository deployment program is
comprised of three major phases. Pha.se I
contains two periods, site screening'and site
nomination and recommendation. During the site
screening period, the Department must identify
potentially acceptable sites for the first
repository and establish siting guidelines to be
used in evaluating the potentially acceptable
sites. During the site nomination and
recommendation period, the Department must
nominate at least five sites as suitable for site
characterization and prepare an environmental
assessment, based on the guidelines, to support
each nomination. The Secretary must then
recommend three of these sites to the President
for site characterization.

Department's Hanford reservation in the State of
Washington; a tuff site located in Yucca Mountain
on the edge of the Department's Nevada test site;
two bedded salt sites in Lavender and Davis
Canyons in the Paradox Basin in Utah; two bedded
salt sites in Deaf Smith and Swisher Counties in
the Palo Duro Basin in Texas; and three domal
salt sites— one in the Vacherie salt dome in
Louisiana, one in the Cypress Creek salt dome in
Mississippi, and ane in the Richton salt dome in
Mississippi.
The identification of these sites was based on
screening efforts that had already been underway
at the time the Act was passed. Studies in
bedded salt and salt domes have been underway
since the late 1950's and the early 1970's,
respectively. Studies on salt formations in
Washington State were initiated in 1976, while
studies at the Nevada test site have been
underway since 1977.

Phase II, which begins when the President
approves the recommended sites, includes the
periods associated with site characterization and
site selection. During characterization, an
exploratory shaft will be constructed and an
at-depth testing program will be conducted at
each of the three recommended sites. During the
site selection period, the data obtained during
site characterization will be evaluated and used
to reach a decision on the first repository
site. Phase II will end subsequent to
Presidential recommendation of the selected site
to Congress and after the site designation
becomes effective.

Accomplishment of the second major milestone, the
development of guidelines for use in selecting
repository sites within the time-frame
established by the Act, was more difficult.
Following a very aggressive writing effort by the
Department and its contractors, a set of proposed
guidelines were,issued in
early February 1983 for public comment. The
Act's requirements ahd previous siting criteria
developed by the Department and other agencies
served as the basis for these guidelines.

Phase III begins with the Department's
application to the Nuclear Regulatory Commission
(NRC) for a construction authorization. Phase
III further includes the NRC review and approval
of the construction authorization application,
Department construction of the repository, and
application for and receipt of a license from the
NRC to obtain and emplace nuclear waste.

During the public comment period which ended in
early April 1983, the Department held public
hearings in five cities and received over 2,000
comments on the guidelines. These comments were
evaluated and discussions were held with the
affected States, Indian tribes, and Federal
agencies. As a result of these efforts, an
alternative set of guidelines was developed and
issued in the Federal Register in late May 1983.

To date, the Department has focused its efforts
on implementing the activities mandated by the
Act for Phase I of the program. The first major
milestone mandated by the Act, identification of
potentially acceptable repository sites within 90
days.of enactment, was successfully met in early
February 1983 when the governors of six States
were advised that their States contained at least
one potentially acceptable site for the first
repository. These sites are a basalt site on the

•A second comment period followed this version of
the guidelines. The Department received over 900
additional comments and continued discussions
with affected States, Indian tribes, and Federal
agencies. Following the second comment period,
draft final guidelines were developed and
discussed with affected States and Federal
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agencies. Subsequently, the guidelines were
revised a final time and submitted to the NRC on
November 23, 1983, for concurrence.
In parallel with the development of the
guidelines, the first Act-mandated step in the
site nomination process was accomplished last
spring when public hearings were held in the
vicinity of the nine potentially acceptable
sites. The purpose of these hearings was to
advise the residents living near potential
repository sites and to receive comments on
issues to be addressed in the environmental
assessments supporting the site nominations.
The Department currently is implementing the
process leading to site nominations as defined in
the guidelines. Each of the nine potentially
acceptable sites are being evaluated against the
disqualification criteria
contained in the guidelines. These criteria are
structured so that various features associated
with the sites can be evaluated and early
decisions can be made on which sites should be
disqualified from further consideration.
Following the evaluation, the nine sites will be
grouped by geohydrologic basin. In accordance
with the guidelines, the nominated sites should
be from as many different geographic and
geohydrologic locations in the'country as
possible so that a diversity oi sites can be
considered as potential candidates for site
characterization.
The sites within each setting will then be
evaluated relative to each other, and the
preferred site within that setting will be
proposed for nomination. Evaluations of the nine
candidate sites should be completed in January
1984.
Draft environmental assessments will be prepared
for each nominated site. Draft environmental
assessments for at least five sites are scheduled
to be issued in the Spring of 1984. A public
comment period will follow along with public
hearings, to be held in the vicinity of the
nominated sites, to obtain comments on the draft
environmental assessment. The comments received
will be evaluated and discussed with the affected
States. The Department expects to issue the
final environmental assessments in support of
nomination of at least five sites by September
1984. These environmental assessments will
provide the basis for the Secretary to recommend
three sites for site characterization to the
President by January 1985, the legislatively
mandated date.
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INSTITUTIONAL CHALLENGE OF THE NUCLEAR WASTE POLICY ACT
Ellison S. Burton
Geologic Repository Oivis 1c
U. S. Department of Energy
Washington, D. C.

At this time last year, we faced what seemed to
be insurmountable institutional obstacles to
resolving the national high-level nuclear waste
problem. The obstacles remain. But now, with
the Nuclear Waste Policy Act of 1982 {NWPA), we
have both a mandate and the tools to surmount
those obstacles. The Act declares a clear
national policy favoring nuclear waste disposal
in geologic repositories, sets a feasible
schedule for repository development, defines the
roles of the various branches and levels of
government, establishes a dedicated source of
program funding, and most important, prescribes
an approach to productive consultation and
cooperation between the Federal government and
States and Indian tribes.

carrying out its responsibilities in the public
interest. This means building public confidence
that a repository can be constructed and operated
so that adverse impacts on the public health and
safety, the environment, and on the social and
economic fabric, are kept to an acceptable level.
Related to the problem of building public
confidence is the difficulty of communicating the
nature of the geologic solution to the waste
disposal problem. It is not enough to be
convinced ourselves that the risks associated
with geologic disposal are small. The State,
tribe, and locality that is asked to accept a
repository must be as convinced as we are that
immediate and long-term risks are negligible.
Confidence-building by effective communication
requires us to do a much better job than we have
in the past of creating effective forums for
discussion of public concerns and ways to address
those,concerns.

While the Act provides a basis for solving the
pre-existing institutional problems, it also
creates some new obstacles, the most formidable
being a complicated mechanism for State or Indian
tribe disapproval of a recommended repository
site and a joint Congressional resolution
procedure for overriding such disapproval.

Another aspect of the geologic solution that
raises credibility issues is an implementation
schedule for the first repository that spans the
better part of two decades. Most, if not all, of
the present participants will be engaged in
pursuits more compatible with their age by the
time the first repository opens for business.
Achieving and sustaining a supportive public
consensus over that time period will be a true
test of both our capabilities and the law.

To avoid the ultimate obstacle of disapproval by
a state or Indian tribe, DOE must deal
successfully with the factors creating opposition
to geologic disposal of nuclear waste.
First among these is the "NIMBY" syndrome. The
public may support DOE's program to build a
geologic repository as long as it's
"Not-In-My-Backyard".

In addition to working in areas of great public
controversy, DOE must carry out its
responsibilities within the context of a complex
relationship with Federal regulatory agencies,
other Federal agencies with related program
interests, State executive and legislative
groups, Indian tribal councils, and local
governments.

Any siting decision is likely to encountar a
perception of regional or local inequity. Still,
the NWPA requires the Federal Government to
accept spent fuel for disposal by the end of this
century and to recommend the construction of a
repository someplace.
Another factor is the traditional American
mistrust of government which dates from before
the Declaration of Independence and which has
probably been a significant force in shaping the
decentralized and pluralistic system of political
power in the United States. In the face of this,
DOE has a difficult burden of proving to many
different groups, agencies, and officials at
different levels of Government that it is

Regarding regulations, before the DOE builds and
operates a repository, it must meet the
requirements of two other Federal agencies: the
Environmental Protection Agency and the Nuclear
Regulatory Commission. A geologic repository
must meet the radiation protection standards set
by the EPA and meet other licensing requirements
established by the NRC.
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As mentioned before, the Act empowers a State or
Indian tribe on whose territory a repository is
recommended for construction to disapprove the
recommendation. While a disapproval may happen
no matter how exemplary DOE's relationships with
a State or tribe, a disapproval is a virtual
certainty if the consultation and cooperation
process is seriously deficient.

expertise.
o

Under formal C&C agreements, DOE will also
provide impact mitigation assistance to
States and affected Indian tribes in which a
site has received a construction
authorization from the Nuclear Regulatory
Commission (NRC) to mitigate adverse
economic, social, public health and safety,
and environmental impacts. To receive this
assistance, the eligible State or affected
Indian tried must first submit a report to
DOE on the socioeconomic impacts likely to
result from the development of a repository.
DOE will provide grants to assist in the
preparation of this report. A binding
agreement that sets forth the amount of
assistance will be negotiated between the
parties as soon as practicable following
issuance of the NRC construction
authorization.

o

Other financial assistance authorized under
the Act includes payments in-lieu-of-taxes to
eligib'ij States, affected Indian tribes, and
units of local government associated with
site characterization or repository
construction and operation activities. These
grants, to be issued each fiscal year,, are to
be equal to the amount that the State, Indian
tribe, or local government would receive were
they authorized to tax site characterization
activities at the site, or the development
and operation of the repository. These
grants will continue until all activities are
terminated at the site.

DOE can and will do a number of things under the
Act to establish and effective, long-term C&C
process with States and Indian tribes.
o

DOE will encourage eligible States and Indian
tribes to negotiate formal consultation and
cooperation agreements as provided for in the
Act. Such agreements will ensure, among
other things, not only timely and complete
communication of technical information, but
also the effective participation of the State
or tribe in program planning and
implementation activities. OOe is not
actively negotiating formal C&C agreements
with the State of Washington and the Yakima
Indian Nation.
Incidentally, the DOE negotiating team, of
which I am a member, has been continually
impressed with the good will and constructive
impressed with the good will and constructive
participation brought to the negotiating
sessions by all members of the Washington
State and Yakima teams. We dare hope that
these negotiations will be the model for
those that may follow. DOE has also
established informal consultative
relationships with five other States with
potentially acceptable sites for the first
repository, and with 17 States with
crystalline rock formations which are under
consideration for a second repository.
States primarily concerned with
transportation of waste through their
territories will also need to be provided
with opportunities to identify and discuss
issues of concern.

o

DOE is also amenable to establishing public
information offices in cooperating States.
We are also developing contractual
relationships with national organizations
such as the National Governors' Association,
the National Conference of State
Legislatures, and the National Congress of
American Indians to provide information and
analyses to specific constituencies. This
Annual Meeting, as well as DOE sponsorship of
specialized technical forums, is another
aspect of our commitment to a comprehensive
public information problem.

o

The C&C process includes financial assistance
to eligible States and affected Indian tribes
to build their technical capability, to
provide public information to their citizens,
and to independently assess and monitor DOE
activities. These grants will assure that
States and Indian tribes will not be
prevented from effective participation
because of lack of money and technical

This array of cooperative relationships,
consultations, public information, and financial
assistance provides a comprehensive basis for
resolution of the major institutional issues
which are likely to arise in carrying out the
geologic repository program.
Our mission is to resolve the high-level waste
management problem. By establishing an effective
process for participation in the various phases
of this program—as well as continuing our
commitment to technical excellence—we will have
our best chance of successfully meeting the
institutional challenge.
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STATE LEGISLATIVE INVOLVEMENT IN THE NUCLEAR WASTE POLICY ACT
Elgie Holstein
Senior Staff Director
Energy State Federal Relations, National Conference
of State Legislators

Perhaps one of the purposes of this morning's
panel should be to clear up some of the confusion
that has arisen over the introduction of, as
Critz describes them, the "new parties" in the
waste disposal repository siting process. First,
I would, disagree with the characterization of
those parties as being "new" parties, because I
think the public and the state legislators,
indian tribes, governors, and various other
groups, have always been interested parties in
radioactive waste as well as other siting
issues. I believe that what Congress did in the
Nuclear Waste Policy Act was to institutionalize
the role of those parties in the siting process,
and, in so doing, it imposed some degree of order
on the chaos of conflicting views. In the Act,
Congress proposed some ground rules for what to
some extent is going to continue to be an
adversarial process, which I believe, balances
the interests of the public and the needs of the
country so that we can move forward with the
program.
It is important to single out the provisions of
the bill that seem to have created the most in
the nuclear waste "community", particularly on
the part of those in the Federal government who
must now deal with states, local governments,
indian tribes, and others. Let me begin by
suggesting that the state veto provisions, as
they have become known, are not in fact veto
provisions at all. Moreover, no one who
participated in the year's long process of
negotiation with Congress in the formulation of
this legislation ever seriously proposed an
absolute state veto. Instead, the states
proposed an argument that in exchange for the
"distinction" of bearing the responsibility for
"hosting" one of these sites, they have a
legitimate, right to expect that the burden of
proof for demonstrating the technical viability
of these sites be placed upon the Department of
Energy. In accepting that premise, Congress
structured the legislation in a way that if at
the end of the long process of consultation and
cooperation there are unresolved differences of
opinion, then the states do have a right to
object. But I want to emphasize that that right
to object does not in any way bring the entire
process to a permanent halt. In fact, those of
you who have read the legislation carefully know

that even the opportunities for Congress to
review the state's objections and to override
those objections have strict time limits built
into them. There is no opportunity for one or
more states to bring the process to a permanent
halt and forever delay the accomplishment of the
siting and construction of the repositories.
It is also true as Ellison Burton has said, that
the state veto provisions--and from now on I will
call them, more accurately, the state objections
procedures—do have a much more important
long-term influence over this process than simply
the fact that at the very end someone may stand
up and say, "Not in my backyard, you don't."
This influence derives from the fact that more
existence of the opportunity for state objection
means the Department of Energy (DOE) and all
other parties must recognize that there has to be
a credible, long-term consultation and
cooperation process. This process must guarantee
as much as possible that as many parties as have
an interest in repository issues can be fully
included from the beginning. The legislation, of
course, makes quite clear that these parties, at
least in the case of the states, should be
guaranteed equal and early access to whatever
technical data is developed along the way, which
we all assume is going to be voluminous. In
addition to what already has been produced.
Congress has set up a long-term, complicated
process leading up to the final opportunity for
state non-concurrence, and it is one that is
designed to bring in all the parties regardless
of their eventual attitude toward the selected
sites.
It is also appropriate for us to examine the
state structures for responding to the assignment
of responsibilities to states by the legislation.
I think two broad categories are important to
review. The first is the structures that the
states themselves may develop to deal with their
responsibilities under the program. The second
broad category is the relationships between the
state legislative and executive branches and how
they may affect the program. Let me start with
the state structures first. A number of states,
long before the High-Level Waste Policy Act was
enacted have been involved with radioactive waste
issues and have been dealing with public concerns

have made it clear that to exercise responsibly
their role as separate and equal entities and
irrespective of any joint legislative-executive
structure for dealing with the Department of
Energy, they are going to insist upon preserving
the opportunity for independent, technical review
of data and for Consultations with the Department
of Energy. Legislators perhaps more than any
other elected officials are going to be on the
front lines of dealing with the public on
high-TeveT waste management issues and in that
sense are going to be absorbing more of the heat
than anyone here in Washington or any contractor
in the field. Accordingly, they are going to
have to be in a position where they are able to
say that they have had access to full and
complete information and have been included in
the negotiation process from the very beginning.

and elected official concerns. In many respects,
they have been through a process of education
over a period of years. Accordingly, in many
states they already have set up various
structures to govern the relationships between
the executive state and legislative branches and
among state governments, local governments,
industry, the public, and interest groups
involved in this issue. Equally important, they
have designed structures and procedures to govern
their relationships with the Federal Government.
As a result, the Department of Energy finds
itself confronted with a variety of different
models, posing an array of challenges for
consultation and cooperation with state
governments. The states, I believe, legitimately
have a right to expect that the Department of
Energy will understand that these structures have
to be dealt with in separate ways, that there is
no uniform policy or formula that can be imposed
upon the states. Instead there must be a
tailoring of approach so that whatever state
structures might exist, whether it is a citizen
state, or local government review board, would be
reflected in the approach the Department of
Energy and its various contractors take in that
state.

The low-level waste interstate compact formation
process to some extent serves as a model for what
the challenges may be in the high-level waste
program. While if this were a town meeting I
would be scared to death to mix these issues, the
people in the room today understand some of the
major differences between these two programs.
One of the principal similarities however, is
that state legislators have in both programs an
independent role. Where state legislators were
excluded from the low-level interstate process
early-on, I think it is accurate to say that
those states and regions have suffered in the
timely development and approval of interstate
compacts. Legislators have been unable to go to
their constituents and say, "We were involved in
this process". It is vitally important if th£
high-level waste program is to be a success for
state legislators to have a stake in the program
from the very beginning, and that means a
recognition of their independent and equal status
in its implementation.

Now, it is undeniably reasonable, for the
Department of Energy to encourage each state to
develop a single locus of decisionmaking. For
this purpose, I think it is appropriate for
states to be encouraged to form joint executive
and legislative branch entities for dealing with
the Federal Government. However, once again, it
is not going to be within the control, nor should
it be, of the Federal Government to dictate to
the states what organizational structure or
process they use for responding to the Department
of Energy's programs, or those of the regulatory
agencies for that matter.

The importance of the relationship between the
legislative branch and the executive branch in
the states is one that the Department of Energy
is going to recognize, I -am hopeful, but
responding will take imagination and patience.
The National Conference of State Legislatures
will be working with the Department of Energy to
help coordinate, just as the National Governors
Association has been, some of the information
needs that are going to be common to all of the
states and all of the participants involved in
this process, but in the end, unless there is
recognition of the separate roles played by
legislators and governors, I think the program
could be in for some trouble.

In addition the differences between the
legislative and the executive branches of State
governments are going to affect the shape of this
program from here on out. It is important to
understand that those differences stem not just
from whatever changeable political conflicts may
exist, but, also, from constitutional or
statutory role differences. Such differences can
be expected to be reflected in the kinds of
nuclear waste policy structures I just described
a moment ago. Accordingly, congressional action
in the Nuclear Waste Policy Act makes clear that
state legislators and governors enjoy separate
but equal roles in this process of consultation
and cooperation. Thus, the Department of Energy
has the added responsibility and challenge of
communicating with state legislators and state
legislative institutions in a manner equivalent
in terms of access and openness, to the approach
Developed with the state executive branches. Let
me make clear that I am not suggesting that the
legislative branch should be encouraged to
develop structures of its own to duplicate in
every last respect the resources available in the
executive branch. I have not met a state
legislator yet who supports the creation of jobs
for thousands of new health physicists all
working for the legislatures. But legislators

Finally, to many of us this process may seem like
a long, terribly convoluted one. While it may
seem that the profusion of actors promised
participation by the legislation is producing a
program that can never succeed, I believe it is
more likely that by including all of those
parties we will have a program with a much
greater chance of success. Indeed, the rules
that have been established for the repository
siting process are, in some ways, much more
clearly defined than they are in other areas.
For example, in hazardous waste siting there is
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not clearly stated Federal purpose at this point
that permits the program to move forward
according to set timetables. Yet to the public
many of the problems relating to hazardous wastes
are equally a cause for concern. That brings me
to a final point, which is how we are going to
sort out, all of us involved in this process, the
various programs that we know are separate from
one another in terms of the rules of the game,
but which in the public's mind are increasingly
jumbled together: the low-level radioactive
waste program, the high-level radioactive waste
program, the spent fuel program, and various
other components of the whole radioactive waste
picture that are bringing in at different times
different actors, different concerns, different
structures and different challenges. I think
that one of the biggest burdens we all face is
making sure that we distinguish for the public as
much as possible between those various programs.
I don't havd high hopes that we are going to be
successful at that. What I do believe, however,
is that the era of openness that I hope is
dawning now and is being brought about by the
structure imposed by the Nuclear Waste Policy Act
is one that will spill over into some of these
other areas of radioactive waste policy and that
the sharing of data, the openness, the inclusion
of parties, regardless of their degree of
opposition will be an element that will become a
common approach in all of these programs so that
radioactive waste management activities in
general will be viewed with a greater degree of
credibility than they have been in the past.
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INDIAN TRIBES INVOLVEMENT IN THE NUCLEAR WASTE POLICY ACT
James B. Hovis,
Attorney for Yakima Indian Nation

Today it is ray function to give you some ideas in
regard to how the indigenous people of this
continent derive their present rights to lands
and how those lands are held for the use and
benefit of these indigenous people. In order to
adequately cover the subject it will be necessary
to take a short step backward in the life of man,
but perhaps a long one in the history of this
country.

This continued until the early sixteenth
century. Spain during this time, in spite of
what we read about the Spanish Inquisition, was
at least a country in which more free thought was
allowed than in other European countries. Among
the clergy in the New World was one Las Casas.
Las Casas was among the first to their right of
life and property and could be Christians. From
his writings, the interest of Francisco De
Vitoria was forth-coming. Francisco De Vitoria
was and is recognized as the Father of
International Law and his writings, De Indias I &
II, set forth in legalistic and religious terms
"Efte rights that the indigenous people should have
to be human beings, be Christians, and most
importantly, to hold their lives and property
free from enslavement and death, and confiscation.

Prior to the coming of the Europeans, the
indigenous people on this continent had
sovereignty or the right to control their lives,
persons and property within the area over which
they exercised dominion, and this right was
recognized by the indigenous groups and was
maintained by force where this right was not
recognized intertribally.

Based on these writings, on June 9, 1537, the
Bull of Sublimus Deus was pontificated by Pope
Paul III. In this Bull, Pope Paul announced that
the indigenous people of this area were human
beings, could be Christians and could hold their
property and shouldn't be enslaved. It was
really the first recognition by a person of
authority of the sovereignty and rights of these
native people in the new world. However, during
this 45-year period before this new announcement,
approximately nine and one-half million native
peoples in the New World had been destroyed.

You have had the opportunity of studying history
and the development of this continent after the
first recognized explorations related to you the
discoveries and explorations of Portugal and
Spain. The law between most of the European
nations and the Pope made a division between
these Christian princes who ruled by divine right
under the authority of this Christian arbitrator.
In 1455, Pope Nicholas V handed down the Bull of
Romanus Pontifex providing guidelines for such
European expansion throughout other areas of the
world. This bull was pointificated basically in
regard to the territory that was held by the
Saracens and regarded in the main the Crusades,
which we have all studied. This bull provided
the European princes the right to take over
territory from Saracens and others and to
eliminate them, reduce then to perpetual slavery
and take their goods and lands.

International law evolved from this period so
that later in the early 17th century, Spain,
Portugal, Britain, and France recognized the
legal need in international 7aw to treat with
Indians before occupation of their lands.
This carried through to the Congress of the
Unites States commencing with the articles of the
confederacy and through the constitution of the
United States. In the treaty of Paris with
Britain in 1783 this duty to treat with the
indigenous people of this country was
recognized. In the passage of the northwest
ordinance, which was one of the first actions of
the Congress of the United States, there was a
firm recognition by the United States of America
that lands and property should never be taken
without the consent of the Indians exercising
dominion over those lands. This was likewise
followed through in the Pinckney Treaty with

When Columbus came back from his discoveries in
the New World, Pope Alexander V pontificated the
Bu77, Inter Caetera, on May 3, 7493. This bull
divided the New World between Spain and Portugal
and continued the thoughts of the original
Romanus Pontifex. Therefore, it was still a
principle of international law that non-Christian
holders, of territory who were decreed not fit to
be Christians by the Pope, were subject to being
exterminated or reduced to perpetual slavery.
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Spain in 1795 and in the Louisiana Territory
Treaty with France in 1803.

as the Umqua River close to the California border
to up into Canada - and from settlements in the
Puget Sound area to as far east as the
bitterroots for buffalo and other hunting
parties. They used In this gathering economy
about 20 million acres to sustain their
livelihood. They exercised absolute dominion and
control over,a minimum of 10 million acres within
what is now the Central Southern part of the
State of Washington.

The right of Indians to hold their lands and
territories 3 sovereigns and as owners of that
land was firmly recognized by our Supreme Court
early on. John Marshall, in his important
decision of Worchester y. Georgia in 1832, and in
the preceding Mclntosh case TTearly held that
the indigenous people of this country were in
their territory, distinct independent political
communities, having a right to govern themselves
and to hold their land in an ownership status.

Concurrent with the establishment of the
territory of Washington, President Pierce
selected Isaac Stevens and Governor Palmer of
Oregon to treat with the Indians in this area.
Palmer was to treat with the Indians in the
Oregon Territory and Stevens was to treat with
the Indians in the Washington Territory.

With that background nationally, we now move to
some discussion of the background in the
Northwest area. Under international law, Spain
and Russia had made the first discovery and
exploration on the Pacific coast, which gave them
a priority right under international law to treat
with the indigenous people of this area, Great
Britain also had prior discoveries on the coast.
Basically in this northwest area, the United
States' claims were based on the discoveries of
Lewis & Clark and others, but mainly these claims
were subsequent to the claims of other natives.
By treaties with the empire of Russia in 1824 and
the empire of Spain in 1819, these two countries
relinquished their claims to what is now the
state of Washington and State of Oregon.

By 1854, Stevens had commenced negotiating
treaties with the Indians west of the Cascades
and had made plans for treating with Indians East
of the Cascades. In preparation for this
treating he sent his agents into the area east of
the Cascades and into the southern part of Idaho
as well. . By late May of 1855 he was in a
position to meet with the Indians and treat with
them at Walla Walla. The circumstances of this
treating council are broad and could be the
subject of a separate of a talk, but in the main,
he treated with the Nez Perce as a group, the
Walla Wallas and Cayuses as a group for one
reservation, and with the 14 bands and tribes
that now compose the Yakima Indian Nation as
another group. Contrary to the speedy
negotiations on the coast, the negotiations at
Walla Walla were long and fraught with difficulty.

Russia and Spain likewise treated with Britain
and released their claims to this area at about
the same time. At a convention between Britain
and the United States in 1828, these two
countries agreed to joint occupancy of the lands
between what is now the California border and the
Alaskan border. Great Britain was very
interested in the land west and north of the
Columbia River and was making claims on that
territory and was occupying that area with
establishment of the Hudson's Bay Company at Port
Nisqually and Vancouver, as well as
establishments in Spokane and Walla Walla. Great
Britain was doing a great job through these forts
in diverting the American expansion south into
the Willamette Valley and other areas and keeping
them out of the State of Washington.

But in any event, the treaty was entered into on
June 9, 1855, between the bands and tribes now
composing the Yakima Indian Nation and the United
States of America.
By the terms of that treaty and negotiations, the
Yakima Indian Nation ceded to the United States
of America, 10 million acres over which the
United States found that these Indians exercised
absolute dominion and control, and reserved for
the exclusive use and benefit of said Yakima
Nation and its members exclusive use and benefit
to some 1,365,000 acres now designated the Yakima
Indian Reservation. Said treaty negotiations
also provided that the Yakima Tribe was to have
its own government. Further, reservations in the
treaty covered the right to hunt and gather roots
and berries outside of the reservation and to
pasture cattle and horses outside of the
reservation, and also to take fish at usual and
accustomed places outside of the reservation
boundaries. The exclusive right to hunt and fish
within the exterior boundaries of the reservation
as also specified.

However, by June 15, 1846, the present line
between Canada and the United States was agreed
upon by treaty with Great Britain. By the Act of
August 14, 1848, the Oregon territory act
encompassing what is now tl.e State of Washington,
was passed. This act specifically provided that
provisions of the northwest ordinance would be
followed, and that the rights of Indians could
not be impaired in their lands except by treaty.
About the same time, Congress authorized the
United States to treat with Indians in the Oregon
territory. The Washington territory, which
encompassed what is now the State of Washington,
the State of Idaho and the State of Montana clear
to the,bitterroots, was established on March 3,
1853, a-nd again it was provided that the rights
of Indians could not be impaired unless by treaty.

These reservations were not a grant of rights to
these natural resources and to these lands by the
United States but rather under laq and agreement
a reservation by the Yakima Nation of these
rights and natural resources. There is nothing
complicated about these reservations underneath
the law. Just as you might grant a portion of

At this time*the fourteen bands and tribes that
were to become the Yakima Indian Nation, living
in a gathering economy, ranged from as far south
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your property, reserving a small portion of
property for your own use, such reservations are
well recognized underneath the law as
establishing burdens upon the parcel that has
been conveyed.
Therefore, by treaty, the lands within the Yakima
Indian reservation were held in the title of the
United States for the use and benefit of the
Yakima Indian Nation and its members, as were
other reservations under the treaty held for the
use and benefit of the Yakima Indian Nation and
its members.
Under the General Allotment Act of 1877 and
subsequent allotment acts, these lands held by
the United States for the exclusive use and
benefit of the Yakima Indian Reservation and its
members, have been allotted in severalty to
members of the Yakima Indian Nation and other
Indians. Where these lands were not allotted in
severalty they were retained for the use and
benefit of the Yakima Indian Nation. While these
allotments continued to be passed on to heirs of
the original allotees in a multiple heirship
status, there have been no allotments granted on
the Yakima Indian Reservation for approximately
50 years. Under the provisions of these
allotment acts, some of the lands on the Yakima
Indian Reservation have been removed from trust
status with the United States of America and many
of these lands have been conveyed to nonmembers
of the Yakima Indian Nation by individual
allotees. Therefore, today only approximately
80S of the lands within the Yakima Indian
reservation are held in Indian ownership. Since
1956 the Yakima Indian Nation has embarked on a
substantial buy-back program. Every year lands
that were allotted in severalty and lands that
were sold to non-Indians are purchased back by
the Yakima Indian Nation again for their
exclusive use and benefit. Over 30 million
dollars has been spent by the Yakima Indian
Nation for this purpose.
The Yakima Indian Nation continues to be involved
in the use of these reserved and purchased
resources to develop an independent economic and
political community within the Yakima Indian
Reservation for the use and benefit of its
members and for its guests residing within the
Yakima reservation.
Your understanding of some of this background
cannot help but be helpful towards assisting the
Yakima Indian Nation in this purpose.
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THE NUCLEAR WASTE POLICY ACT AND SOCIOECONQMIC IMPACT
MITIGATION PROVISIONS AND PROBLEMS
Robert D. Smith
Governor's General Counsel Division
Texas Nuclear Waste Programs Office
Austin, Texas
INTRODUCTION
The Nuclear Waste Policy Act. (NWPA), often
characterized as one of the most complex pieces
of federal legislation since the Atomic Energy
Act of 1954, includes significant provisions for
the management, of socioeconamic impacts
associated with the various facilities which may
he constructed pursuant to the Act. In the
course of its development, countless
opportunities for error and misjudgnient
occurred. Unfortunately, not all of those
opportunities were successfully avoided. This
paper focuses on the socioeconomic provisions of
the Act and includes descriptions for the
frameworks to be established for impact
management for various high-level waste
management facilities, discussions of apparent
flaws in those frameworks, and some elementary
proposal s for consideration for alleviating some
of the deficiencies. These deficiencies are not
identified to fault the Act, but rather to expose
the apparent flaws so that remedial measures may
be taken before serious problems occur.

comprehensive solutions to the concerns
identified. Some options are suggested, but the
primary intent is to identify concerns that
require attention so that they can be rectified
before they lead to serious problems. Third,
virtually all of the explicit treatment in he Act
of socioeconomic impacts seems to have been
written from a perspective of mitigation of
actual or expected impacts with little attention
devoted to prevention of negative impacts.
Frequent reminders to prevent negative impacts
where possible are appropriate. Finally, in some
cases the type and distribution of impacts can be
influenced to some extent, and the preferences of
the affected parties should be recognized and
heeded.
PROVISIONS OF THE ACT
In this section, several general provisions of
the Act with implications for socioeconomic
impact mitigation are mentioned first, following
that discussion are descriptions of specific
impact management provisions. The Act
individually addresses impact management for each
of the major facilities that may be developed.
These provisions vary significantly and so are
treated separately. Impact management for some
of the proposed facilities is limited and the
actual construction of some may not occur, so the
level of detail of the discussions presented
varies accordingly. Reverences to the Act are
included in the test as "(NWPA, ) " .

The descriptions of the provisions of the Act
appear in the first section of this paper. Most
of this discussion is reiteration of the
requirements of the Act and will be familiar to
those who have worked with the Act. The other
points presented in this section are based on
interpretations of the language or examination of
the ramifications or requirements in the context
of other activities such as decision schedules
and work schedules. The next and most
significant section of this paper presents one
concerns regarding the provisions of the Act and
offers sor"e suggestions for addressing those
concerns. Many of these concerns apply to the
mitigation provisions for more than one of the
high-level waste management facilities, so the
discussion of each concern addresses all the
relevant facilities.

For the purposes of this discussion the most
important general provision of the Act states
that the generators and owners of high-level
waste and spent fuel are responsible for the
costs of disposal and interim storage (NWPA,
lll(a), 136(a) 141(a), and 302(d)). In the
recent past, assertions have been made that the
Federal government has subsidized the nuclear
power industry, in the case of waste disposal,
the Act mandates that the burden of these
activities will be borne by the users. This
point is emphasized largely because of the
frequently heard suggestion that dozens of
existing federal program s could be tapped for
impact mitigation assistance, these other
programs may, in fact, be effectively used for
impact assistance, but if they are used the costs

Underlying this paper are a few general concepts
that should be recognized. First, the NWPA is
now law and, unless it is amended, all parties
are bound by its current provisions. Any actions
taken by the Department of Energy, the affected
states, citizens living near potential sites, or
other parties must comply with the requirements
of the Act. Second, the discussion presented
here does not focus on development of
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incurred should be reimbursed through the Nuclear
Waste Fund or the Interim Storage Fund. This
strategy is discussed in greater detail in the
"Problems and Concerns" section below.

negotiated and set forth in a binding agreement
between the state and the Secretary of Energy.
The assistance is to be granted to the state and
portions could then presumably be distributed
among the affected units of general local
government.
" ^

Another relevant general feature of the NWPA is
the authorization for the Secretary to commit
monies, subject to Congressional appropriation,
from the Nuclear Waste Fund which then remain
available until expended (NWPA 302(e)). this
provision guarantees long-term availability of
funds, enhances the stability of impact
mitigation strategies, and inspires confidence
that the funding agreements reached in early
negotiations will survive the vicissitudes of
changes in national leadership and
reorganizations of the administering federal
agencies and their personnel.

Monitored Retrievable Storage Facilities
Provisions for monitored retrievable storage
9MRS) facilities are not as comprehensive as for
repositories (NWPA, 141(f)). No provision is
made for grants in lieu of taxes. Funding for
general participation is not granted although
state participation as provided in Sections 115
through 118 (excluding Section 116(c), Financial
Assistance) is specified. Annual impact payments
are, however, to be made to units of general
local government within which the facility is
located (payments to the host state are not
specified). Impact reports are not specifically
mentioned, but the payments can be used in part
for planning purposes so that an impact report
could be prepared. The Secretary of Energy is
directed to issue such regulations as necessary
to implement proper distribution of these impact
payments. Specific provisions state that funds
be allocated in a fair and equitable manner to
units of general local government; that funds be
used only for planning, construction,
maintenance, and provision of public services
related to the MRS; and that the Secretary may_
consult with units of general local government to
establish funding levels. Payment of these funds
commence upon receipt of congressional
authorization for the MRS rather than after
initiation of construction as in the case of
repositories.

Finally, the Secretary of Energy is explicitly
authorized to make expenditures from the Nuclear
Waste Fund for impact assistance purposed (NWPA,
302(d)(6)). As with expenditures for other
purposes, those for impact mitigation are also
subject to congressional appropriation with
triennial authorizations.
Repositories
The most comprehensive impact management
provisions in the Act apply to repository
development and the preceeding site
characterization activities (NWPA, 116(c)). The
first element of this mechanism is activated by
the approval of a site for characterization. At
that point, funds will be allocated to the state
for the preparation of an impact report. This
report will address economic, social, public
health an safety, and environmental impacts that
are likely to accompany development of a
repository in the state. The impact report
prepared must be submitted to the Secretary of
Energy after completion of site characterization
and prior to recommendation of the site for a
repository to the President. This window for
submission of the impact report could,
theoretically, be as short as 30 days — a point
to be discussed in greater detail below.

Interim Storage Facilities
For interim storage facilities, socioeconomic
impact assistance is limited to annual impact
payments to the situs state and units of general
local government within which the facility is
located (NWPA, 136(e)). The point at which these
impact payments are to be initiated is not
explicitly stated so they could apparently
commence as soon as a site is identified. The
funds may be used for planning, construction and
maintenance of public services, provision of
public services related to the interim storage
facility, and compensation for loss of taxable
property as a result of public rather than
private ownership of the facility (comparable to
the grants in lieu of taxes provided for
repositories), the impact assistance payments
are limited to the smaller of (A) ten percent of
the total costs for transportation and interim
storage or (B) fifteen dollars per kilogram of
spent fuel, whichever is less. This provision in
the Act contains an unclear paragraph reference
which is explained under the sub-heading "Interim
Storage Impact Grants" below. The impact funds
are to be allocated in a fair and equitable
manner, are to be subject to terms and conditions
specified by the Secretary of Energy which may be
articulated in regulations established by the
Secretary, and are to be provided from the
Interim Storage Fund. The Secretary may consult

Grants in lieu of taxes to the state and units of
general local government will also be triggered
by approval of a site for characterization. The
Act specifies that these grants are to be awarded
only to the state an units of general local
government in which the site is located. These
grants will continue until all repository
activities at the site are terminated.
Grants of impact mitigation resources (financial
and technical assistance) will be provided to any
state hosting a site for which a construction
authorization has been granted by the Nuclear
Regulatory Commission. This assistance will
begin within six months following the issuance of
the construction authorization but after
initiation of construction activities — mutually
exclusive conditions if construction were
initiated more than six months after issuance of
the construction permit. The details for
implementation of this provision are to be
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needed in anticipation of repository Impacts is
not assured. Furthermore, the grants in lieu of
taxes are limited to the state and units of
general local government within which the site is
not assured. Furthermore, the grants in lieu of
taxes are limited to the state and units of
general local government within which the site is
actually located. As a result no direct early
funding will be available, for adjacent cities and
counties to prepare for the anticipated impacts.
Development of a mechanism for providing adequate
and timely assistance to affected units of
government will reduce the negative impacts to
the situs jurisdictions and can reasonably be
expected to reduce overall costs by allowing
judicious application of funds with optimum
timing. Because, as explained above, any test
and evaluation facility will probably be located
at a candidate site for a repository, essentially
the same conditions would apply as with a
repository.

with the recipients of the funds prior to
establishment of the storage facility to
determine appropriate levels of payment.
Test and Evaluation Facility
Essentially no impact mitigation provisions for a
Test and evaluation facility (TEF) appear in the
Act, but funds may be indirectly available as a
result of the current intentions of the
Department of Energy, at this time the
Department expects that if a TEF were to be
established it would be located at one of the
candidate.sites-for a repository. In that case,
construction of the TEF could not begin until the
Nuclear Regulatory Commission grants a
construction authorization for a repository, and
by that time the state and units of general local
government would already be receiving grants in
lieu of taxes and would shortly begin receiving
impact mitigation grants (NWPA, 305(b)). In any
event, when a'state is notified that the
Secretary of energy has selected a possible TEF
site, that state is eligible for funds to pay for
state consultation and cooperation activities
(NWPA, 219(a)). Assessment of socioeconomic
impacts and planning for their mitigation are
allowable expenses under these consultation and
cooperation grants. The amount of the grants
cannot exceed $3 million per year per state, and
the state must agree to provide at least ten
percent of the grant to each unit of general
local government within which the TEF will be
located.

In the case of Monitored Retrievable Storage
(MRS) facilities, the annual impact payments
shall begin when Congress authorizes construction
of the facility. Depending on the schedule for
license application and approval, timely impact
assistance is more likely to be available for an
MRS than for a repository. The provisions for
interim storage facilities do not explicitly
state when impact assistance will begin so those
grants could presumably commence at the time of
approval of an interim storage site.
Amendment of the Act or passage of specific
legislation are perhaps the most obvious and
least likely options for near-term treatment of
the issue of timely availability of impact
assistance. Because of the complexity of the Act
and the tremendous difficulty in effecting its
passage, the prevailing attitude in Congress
seems to be to avoid re-opening the Act. This
climate may, however, change at some time before
the recommendation of the first repository site,
now expected to occur in 1991.

PROBLEMS ANO CONCERNS
This section consists of identification and
discussion of some of the deficiencies in the
socioeconomic impact mitigation provisions of the
Nuclear Waste Policy Act. These problems may
have been the result of any number of
circumstance — inadvertent omission,
insufficient appreciation of the realities of
impact mitigations, failure to correlate
sequences of milestones and consider their
separation — but whatever the cause, these
issues are of considerable concern and merit
careful attention. The options suggested for
addressing some of these issues are intentionally
general and are intended only to suggest possible
approaches to resolution of the problems and are
not offered as preferred or necessarily
acceptable solutions.

Another possible approach is to channel monies
from the Nuclear Waste Fund or the Interim
Storage Fund through other federal programs for
providing assistance. This concept was employed
by the Department of Defense to provide impact
mitigation funds for Kings Bay, georgia where the
East Coast Trident Base was being developed. In
this case the 1981 Department of Defense
Authorization Act (1) appropriated $1 million for
impact mitigation to be channeled to the
community by several mechanisms including direct
transfer of funds to existing federal assistance
programs that in turn provided assistance to
Kings Bay. A comprehensive catalog of federal
assistance programs appears in :Framework for
Community Planning Associated with Nuclear Waste
Repository Siting"(2).

Timely Impact Assistance
In the case of repository siting, impact grants
will not commence until after the beginning of
construction (NWPA, 116(c)(2)(B)j. This
assistance should be provided prior to the
commencement of construction so that the
necessary expansion of services and facilities
will be available by the time the impacts begin
to occur. For repository siting, the time lag in
impact funds will be ameliorated somewhat by the
initiation of grants in lieu of taxes years
before initiation of construction when sites are
selected for characterization. However, the
adequacy of those funds for the preparations

A more direct approach for providing early
mitigation funding is the issuance of bonds by
the affected jurisdictions in conjunction with a
binding agreement providing that the bonds and
accumulated interest will be reimbursed to the
jurisdictions with monies from the Nuclear Waste
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Timely Impact Assistance

Fund when construction of the repository begins.
This procedure carries some risk because at least
part of the impact funds would be spent before
issuance of the Nuclear Regulatory Connission
decision on construction authorization. If the
authorization were not granted, the Nuclear Waste
Fund would still be expected to reimburse bond
funds otherwise unrecoverable.
.;

In the case of repository siting, impact grants
will not commence until after the beginning of
construction (NWPA, 116(c)(2)(B)). This
assistance should be provided prior to the
commencement of construction so that the
necessary expansion of services and facilities
will be available by the time the impacts begin
to occur. For repository siting, the time lag in
impact funds will be ameliorated somewhat by the
initiation of grants in lieu of taxes years
before initiation of construction when sites are
selected for characterization. However, the
adequacy of those funds for the preparations
needed in anticipation of repository impacts is
not assured. Furthermore, the grants in lieu of
taxes are limited to the state and units of
general local government within which the site is
actually located. As a result no direct early
funding will be available for adjacent cities and
counties to prepare for the anticipated impacts.
Development of a mechanism for providing adequate
and timely assistance to affected units of
government will reduce the negative impacts to
the sites jurisdictions and can reasonably be
expected to reduce overall costs by allowing
judicious application of funds with optimum
timing. Because, as explained above, any test
and evaluation facility will probably be located
at a candidate site for a repository, essentially
the same conditions would apply as with a
repository.

A further possible option would rely on the
binding written agreement to be negotiated
between each potential host state and the
Department of Energy. The critical issue in
utilizing this approach is whether proyisions of
the agreement must be identical to the
requirements of the Act or can incorporate
mutually acceptable alternatives. If sufficient
flexibility can be legitimately allowed in these
agreements, the timely assistance concern and
most of the additional concerns below could
likely be resolved in that manner.
A final option is the adjustment of the
repository construction schedule to delay the
major influx of workers until some time beyond
the nominal beginning of construction. Limited
initial construction activities would satisfy
strict interpretation of,the Act triggering the
availability of impact mitigation grants. As the
preliminary impact mitigation measures were
implemented, construction activity could be
correspondingly increased. This approach would
satisfy the requirement of the Act but with a
substantial sacrifice in the repository
development schedule.

In the case of Monitored Retrievable Storage
(MRS) facilities, the annual impact payments
shall begin when Congress authorizes construction
of the facility. Depending on the schedule for
license application and approval, timely impact
assistance is more likely to be available for an
MRS than for a repository. The provisions for
interim storage facilities do not explicitly
state when impact assistance will begin so those
grants could presumably commence at the time of
approval of an interim storage site.

Deadline for Identification of Impacts
This second concern is also a timing problem.
The Act specifies that no impact mitigation funds
will be provided beyond two years after the
effective date of a repository license other than
funds required to satisfy agreements and
contracts provide at least ten percent of the
grant to each unit of general local government
within which the TEF will be located.

Amendment of the Act or passage of specific
legislation are perhaps the most obvious and
least likely options for near-term treatment of
the issue of timely availability of impact
assistance. Because of the complexity of the Act
and the tremendous difficulty in effecting its
passage, the prevailing attitude in Congress
seems to be to avoid re-opening the Act. This
climate may, however, change at some time before
the recommendation of the first repository site,
now expected to occur in 1991.

PROBLEMS AND CONCERNS
This section consists
of identification and
discussion of some ;of the deficiencies in the
socioeconomic impact mitigation provisions of the
Nuclear Waste Policy Act. These problems may
have been the result of any number of
circumstances — inadvertent omission,
insufficient appreciation of the realities of
impact mitigation, failure to correlate sequences
of milestones and consider their separation —
but whatever the cause, these issues are of
considerable concern and merit careful
attention. The options suggested for addressing
some of these issues are intentionally general
and are intended only to suggest possible
approaches to resolution of the problems and are
not offered as preferred or necessarily
acceptable solutions.

Another possible approach is to channel monies
from the Nuclear Waste Fund or the Interim
Storage Fund through other federal programs for
providing assistance. This concept was employed
by the Department of Defense to provide impact
mitigation funds for Kings Bay, Georgia where the
East Coast Trident Base was being developed. In
this case the 1981 Department of Defense
Authorization Act (1) appropriated $1 million for
impact mitigation to be channeled to the
community by several mechanisms including direct
transfer of funds to existing federal assistance
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programs that in turn provided assistance to
Kings Bay. A comprehensive catalog of federal
assistance programs appears in "Framework for
Community Planning Associated with Nuclear Waste
Repository Siting" (2).
A more direct approach for providing early
mitigation funding is the issuance of bonds by
the affected jurisdictions in conjunction with a
binding agreement providing that the bonds and
accumulated interest will be reimbursed to the
jurisdictions with monies from the Nuclear Waste
Fund when construction of the repository begins.
This procedure carries some risk because at least
part of the impact funds would be spent before
issuance of the Nuclear Regulatory Commission
decision on construction authorization. If the
authorization were not granted, the Nuclear Waste
Fund would still be expected to reimburse bond
funds otherwise unrecoverable.
A further possible option would rely on the
binding written agreement to be negotiated
between each potential host state and the
Department of Energy. The critical issue in
utilizing this approach is whether provisions of
the agreement must be identical to the
requirements of the Act or can incorporate
mutually acceptable alternatives. If sufficient
flexibility can be legitimately allowed in these
agreements, the timely assistance concern and
most of the additional concerns below could
likely be resolved in that manner.

assistance problem because it is not likely that
a repository operating license will be granted
before the turn of the century. Several other
possible options would rely on judicious wording
of the binding agreement for impact assistance.
Those binding agreement approaches include (1)
negotiating a contingency provision, (2)
inserting a requirement for periodic review and,
if necessary, revision of the agreement, and (3)
describing the impacts for which funding will be
provided in very general terms which can be
broadly interpreted to hopefully encompass
specific unanticipated impacts that arise.
Again, the viability of this written agreement
approach depends on the latitude allowed for the
binding agreements for impact assistance.
Assistance for Adjacent Jurisdictions
The various types of impact mitigation funds are
to be granted to the situs state and/or units of
general local government within whose
jurisdictional boundaries a facility is located.
Impact assistance is not provided directly to
adjacent jurisdictions for any of the facilities
in spite of the likelihood of impacts to those
jurisdictions.
In the cases for which impact funds are provided
to the situs state, portions of those funds could
be passed on to these affected adjacent
jurisdictions. However, in the case of MRS
facilities no provision is made for granting
impact funds to the situs state — only to the
units of general local government within which
the facility is located. Consideration should
also be given to a mechanism for granting
assistance to any affected adjacent state.

A final option is the adjustment of the
repository construction schedule to delay the
major influx of workers until some time beyond
the nominal beginning of construction. Limited
initial construction activities would satisfy
strict interpretation of the Act triggering the
availability of impact mitigation grants. As the
preliminary impact mitigation measures were
implemented, construction activity could be
correspondingly increased. This approach would
satisfy the requirement of the Act but with a
substantial sacrifice in the repository
development schedule.

As noted above, the situs state may elect to
distribute state impact assistance funds to
affected adjacent jurisdictions. This option
carries a number of objectionable ramifications
deriving from the fundamental policy that
high-level waste management is a federal
responsibility. In order to maintain credibility
with its constituency, state government is forced
to avoid circumstances that could lead to the
misconception that the state government is an
extension of the federal waste management
program. In addition, such a role for state
government would entail difficult allocation
decisions and additional workloads for which
potential host states are unlikely to have any
appetite.

Deadline for Identification of Impacts
This second concern is also a timing problem.
The Act specifies that no impact mitigation funds
will be provided beyond two years after the
effective date of a repository license other than
funds required to satisfy agreements and
contracts entered into during the first two years
of the license (NWPA, 116(c)(4)(c)). In other
words, unanticipated impacts that are identified
after this two year deadline may not be
considered in determining the funding levels for
mitigation grants in subsequent years. No
similar limitations appear in the provisions for
the other major high-level waste management
facilities.

Other options that may be considered have already
been mentioned above and include amendment of the
Act, adoption of additional legislation,
subsidies to and subsequent use of other federal
assistance programs, and negotiation of
appropriate provisions for binding assistance
agreements.
Interaction Between Federal and Local
Jurisdictions

As in the case of timely impact assistance, this
concern could be addressed by amending the Act or
passage of separate legislation. This
legislative option is perhaps more viable for
this problem than for the timely impact

For interim storage facilities and for MRS
facilities the Act "authorizes" the Secretary of
Energy to consult with units of general local
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Though theoretically short, the window for
submission of the impact report will probably be
much longer. This concern is raised for the more
general purpose of emphasizing that a deadline
for report submission exists and that the
preparation of an adequate report will require
significant advance planning. This problem could
perhaps be alleviated by requiring submission of
a preliminary report prior to recommendation to
the President and subsequent submission of the
final report. Paragraph 117(c)(4) of the Act
regarding written agreements for consultation and
cooperation offers an opportunity for
modification of the otherwise applicable
provisions for impact reports.

government in establishing appropriate levels of
assistance. The term "authorizes" clearly
indicates that this consultation with local
governments is not mandatory. Furthermore,
consultation with local governments is not even
authorized in the provisions for repository
impact assistance.
Options for encouraging or requiring consultation
with local governments consist of suggestions
already mentioned: Congressional action and
binding written agreements. Also, the Secretary
of Energy may issue any regulations necessary to
implement the impact mitigation provisions for
interim storage and MRS facilities. If such
regulations were promulgated, requirements for
consultation with local governments should be
inserted.

Capital for Housing
Providing adequate housing for immigrants will be
capital intensive task. Mechanisms such as
construction of public housing should be
relatively easy to implement under the provisions
of the Act. Options such as providing
low-interest mortgage funds and adequate capital
or loan guarantees for developers may also be
possible but will probably be more difficult than
development of public housing.

Appraisals for Grants in Lieu of Taxes
One of the impact mitigation mechanisms for site
characterization and repository development is
providing grants equal to the taxes that would be
levied on those activities and facilities if they
were privately owned rather than government
owned. The development of an appraisal procedure
to determine appropriate amounts for those grants
will be incredibly difficult. This concern is
raised not so much as a deficiency of the Act but
rather as an issue which will be difficult to
resolve and which may perhaps be needed in just
over one year (January 1, 1985). One of the key
problems to be addressed is that the overall
operations to be appraised are unique, making
identification of comparable taxable operations
impossible. On the other hand, some discrete
elements of the operations do have comparable
commercial counterparts, so that appraisal on an
element-by-element basis may be possible.
Another concern is that often tax rates for
industrial operation are artificially low in
order to attract industry. For establishing
comparable taxes the comparisons should be made
using appropriately adjusted tax rates.

Uses of the Nuclear Waste Fund
In Section 302(d) of the Act (Use of Waste Fund)
the Secretary of Energy is authorized to expend
funds for assistance for" repositories and for
test and evaluation facilities, but such use for
MRS facilities is not specified. The omission of
that authorization is certainly inadvertent, but
could result in the absence of funds for MRS
impact mitigation.
Interim Storage Impact Grants
Subsection 136(e) of the Act relating to impact
assistance for interim storage facilities, states
in part that impact assistance payments may not
exceed ten percent of the costs incurred in
paragraphs (1) and (2), but the subsection in
which the referenced paragraphs appear is not
specified. Subsection 136(e) was added during
floor debate in the Senate on December 20,
i982.(3) According to the Associate Counsel
(Nuclear Regulation) U.S. Senate Committee on
Environment and Public Works, the language for
the amendment was taken from an earlier Senate
version and adjustment of the paragraph
references was overlooked.(4) The previous
language from which this amendment was derived is
paragraphs 303(a)(l) through 303(a)(3) of S.
1662.(5) In essence this provision of the Act is
intended to limit interim storage impact
assistance grants to ten percent of the total
costs for transportation and interim storage or
fifteen dollars per kilogram of spent fuel,
whichever is less. That intention of Congress
appears to be the most,reasonable interpretation
of subsection 136(e).

The basic remedies for the concern expressed here
involve development of specific guidelines for
appraisals with involvement of the affected
jurisdictions. The specific guidelines could be
developed as legislation, regulations, or
provisions of written agreements.
Impact Reports
The impact report to be prepared for the site
recommended for a repository must be submitted to
the Secretary of Energy after completion of site
characterization but before the site is
recommended to the President. This window could,
theoretically, be as short as thirty days. This
short period would occur if immediately upon
completion of site characterization the Secretary
of Energy were to select the site for a
repository and notify the situs state of the
selection. The Secretary could then recommend
that site to the President thirty days later
thereby closing the window for submission of the
impact report.

SUMMARY
Although enormous effort was devoted to the
drafting, negotiation, and passage of the Nuclear
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Waste Policy Act, the final product is not
without deficiencies. Among the observations
presented in this paper a few are of sufficient
import to justify reiteration here. First among
those observations is the caveat that the
availability of extensive impact mitigation
mechanisms should not diminish any effort to
prevent or minimize impacts in the first place.
A second key point is that although the federal
government is responsible for implementing the
high-level waste management program, the
generators and owners are obligated to pay all
costs of implementing the program. And third,
the structural flaw in the Act that merits the
greatest attention is the probable time lag
between occurrence of repository impacts and
initiation of impact assistance grants.
Though none of the concerns identified in this
paper are likely to prove fatal to the high-level
waste management effort, some of them could cause
anxious moments and difficult situations. Early
attention to and resolution of these problems
should substantially enhance the overall quality
of the high-level waste management program.
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state and unit of general local
government tax the other real
property and industrial activities
occurring within such state and unit
of general local government. Such
grants shall continue until such time
as all such activities, development,
and operation are terminated at such
site.

INTRODUCTION
Payments-in-lieu-of-taxes, or PILOT programs,
provide for grants or payments from the
federal government to states and localities in
place of state and local taxation of federal
projects and facilities. Because federal
projects, federally owned land, and federal
institutions are tax exempt, the jurisdictions
in which they are located do not receive
revenues which they would otherwise obtain
from taxes on property, income, sales, and the
like. Therefore, PILOT grants serve as a
means of compensating states and/or localities
for these lost revenues. This paper focuses
on the PILOT program that is provided for in
the Nuclear Waste Policy Act (NWPA) of 1982.
Following a description of the Act's PILOT
provisions, we review existing programs which
may be relevant to designing a PILOT program
under NWPA. The final section of the paper
presents a number of conceptual issues that
may need to be addressed in considering such a
program.

(Note that the PILOT provision refers to
"property and industrial activities," implying
that both property and income taxes may be
included in PILOT grants.) Section 118(b)(4)
establishes similar payments for
repository-related activities
on affected
Indian tribe lands.1
As set forth in the Act, the two purposes for
which payments may be authorized are: (1) site
characterization activities, and (2) facility
construction and operation of the nuclear
waste repository. Site characterization
involves drilling and conducting seismic and
other tests to assess the geologic suitability
of particular sites for the facility. The
tests are to be conducted at three recommended
sites during the first repository development
program.2 Facility construction and
operation, on the other hand, will occur at a
single site selected for the first repository.
While PILOT is the only source of federal
transfers during site characterization, other
kinds of transfers, such as impact mitigation
grants, may be made available to the states,
affected Indian tribes, and localities in
which the repository is built and actively
receives wastes (Sections 116(2)(A) and
118(b)(3)(A))

PILOT PROVISIONS IN THE NUCLEAR WASTE POLICY
The Nuclear Waste Policy Act (P.L. 97-425)
requires, grants for payments-in-lieu-of-taxes
to stati; and local governments and affected
American tribes when land within their
jurisdictions is used to either plan for or
establish a permanent repository for nuclear
wastes. Section 116(c)(3) of the Act states:
The Secretary shall also grant to
each state and unit of general local
government in which a site for a
repository is approved under Section
112(c) an amount each fiscal year
equal to the amount such State and
unit of general local government,
respectively, would receive were they
authorized to tax site
characterization activities at such
site, and the development and
operation of such repository, as such

REVIEW OF OTHER FEDERAL AND STATE PILOT
PROGRAMS
A review of PILOT programs currently in
existence is useful for determining whether
methodologies used to calculate PILOT grants
in current programs might usefully be adapted
for purposes of the Nuclear Waste Policy Act.
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property taxes on federal property, under the
1976 Payments in Lieu of Taxes Act (P.L.
94-565). Under the 1976 PILOT Act program,
payments are made to over 1,500 counties
nationwide that contain entitlement lands
(national forests and parks, wilderness areas,
etc.). The formula that the PILOT Act program
uses contains two options for each eligible
county. The county can receive either:

All PILOT programs were generally established
to compensate state and local governments for
taxes foregone due to tax exempt federal
projects or facilities. However, payments for
PILOT programs vary considerably. Some
payments-in-lieu-of-taxes have been narrowly
constructed to replace fairly accurately the
amount of taxes that would be paid if the
federal project were a private facility.
These are often referred to as "tax
equivalency" payments. Other programs have
been more broadly construed to provide
additional compensation to state and local
governments. Legislation frequently dictates
what factors a particular PILOT must take into
account in its method of payment.
Alternatively, the method of payment may be
based on agreements between the tax exempt
institution and the state or facility involved.

o

lump sum transfers in lieu of
taxes which are negotiated
between the levels of government
involved;

o

revenue sharing in lieu of taxes,
in which some portion of the
tax-exempt institution's revenue
is shared with the state or
locality; and

o

tax equivalency programs in which
PILOT grants are based on taxes
previously paid or taxes that
would be payable by a private
institution.

o

75|£ per acre of federal land, but
no other payments for that land.

A second federal formula-based PILOT program
is the Federal Impact Aid Program, which has
been administered by the Department of
Education since 1950. The program's formula
calculates the average cost per pupil to the
local government. Payments cover on£, hundred
percent of this cost if parents of pupils live
and work on property made tax exempt after
1938. If parents only work on such property,
payments cover fifty percent of the cost. In
certain localities that demonstrate budgetary
needs, an assessed land value is also included
in the payment formula. Such payments
compensate school districts for the expense of
educating children of federal employees where
the local tax base is reduced by federal
property ownership and where enrollments are
raised by the presence of a federal
installation. Federal Impact Aid Program
payments totalled $619 million in FY 1980.

There are four main categories of existing
federal and state PILOT programs:
formula-based programs, in which
the PILOT grant is computed
according to a specified formula;

10tf per acre of federal land,
over and above all other payment
programs (such as the National
Forest Revenue Act); or

Payments are restricted on a per-capita basis;
for example, counties with populations below
5,000 cannot receive more than $50 per person,
and those above 50,000 cannot receive more
than $20. No county can receive more than $1
million.

In a 1981 report, the Advisory Commission on
Intergovernmental Relations cited 57 different
federal programs that make direct payments to
states and localities to compensate for
federally-owned tax-exempt real property, with
a total budget authority in 1979 of f2
billion.3

o

o

A third federal formula-basad PILOT program is
the Waste Isolation Pilot Plant (WIPP)
project, located on a 16 square mile site near
Carlsbad, New Mexico. Except for two square
miles owned by the state, the land is federal
property, and thus payments to local
governments are made under the PILOT Act of
1976.

Each of these is discussed below.
1. Formula-Based Programs

2. Lump Sum Transfers in Lieu of Taxes
Formula-based programs are associated with a
prescribed method of determining the level of
payment. A prominent example of a
formula-based PILOT is the set of payments
made by the Bureau of Land Management of the
Department of the Interior in lieu of local

Lump sum transfers in lieu of taxes are a
common mechanism to compensate states or
localities for foregone taxes. Lump sum
transfers are established on a case-by-case
basis as a result of negotiation between the
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o National Forests Revenues ftct.
This 1908 act mandates that 25
percent of most timber revenues be
paid to the state government for
public schools and roads in the
county where such forests are
located. The 1980 budget authorization for this U.S. Forest Service
program was about $282 million.

parties involved, rather than by application
of a specific formula or revenue sharing
plan. Examples of lump sum transfers in lieu
of taxes are the following programs:
o

o

o

o

Federal payments to the District
of Columbia, totalling $267
minion in 1980. The payment is
made as a grant-in-aid to the
local government and is
negotiated each year.

o Mineral Lands Leasing Act. Most
states receive lump sum payments
of 50 percent of royalties and
rental receipts from development
of mineral resources. This
Department of the Interior
program, be.(un in 1920, was
authorized for payments of about
$239 million in 1980.

Atomic Energy Communities that
support defense-related nuclear
research in New Mexico,
Tennessee, and Washington
receive federal payments as lump
sum transfers. The transfers
are based on past federal and
local negotiations. In 1980,
$8.7 million in payments were
authorized.

South Carolina's Barnwell disposal facility
operates under another type of revenue sharing
payment, where the county government receives
2.4 percent of gross receipts in lieu of lost
property taxes.

The Trident Community Impact
Assistance Program, which made
payments between 1975 and 1980
of $55.5 million to the state of
Washington and several counties
to defray the costs of schools,
roads, sewer lines, and other
infrastructure, buiit in
connection with the U.S. Navy's
West Coast Trident Submarine
Base on Puget Sound.

4. Tax Equivalency Programs
Tax equivalency payments are designed to be
equivalent or closely related to the taxes
that would be collected if the federal or
state project or institution were not tax
exempt. Tax equivalency programs which fully
replicate tax liability are rare and generally
only replace property tax revenues. The major
types of federal PILOT programs that
incorporate a concept of tax equivalency are:
(1) payments on foreclosures; (2) payments
made by some federally owned corporations and
financial institutions; and (3) special
partial tax liability arrangements.

Since 1938, Arizona and Nevada
each have received $300,000 from
the Boulder Canyon Project for
each year that the Hoover Dam
has operated.

3. Revenue Sharing Programs in Lieu of Taxes
The payments on foreclosures programs involve
the acquisition of housing properties by the
Veterans Administration (VA) and the U.S.
Department of Housing and Urban Development
(HUD) as a result of mortgage foreclosures.
The tax equivalent programs provide incentives
to HUD and VA to reduce the time span with
which they hold available housing, and to
encourage the resale of the properties. VA
and HUD property management offices pay local
property taxes as long as they hold title to
the housing properties. The total outlay for
these programs was approximately $28.4 million
in 1979.

Revenue sharing programs in lieu of taxes are
programs in which the revenues of a tax exempt
institution are shared with a state and/or
locality, as a type of payment in lieu of
taxes. Most of these federal revenue sharing
programs are related to federal revenues
generated by the leasing of mineral and forest
lands, or the use of national parks by campers
and other visitors. For some revenue sharing
programs, payments are made to localities for
specific purposes, e.g., roads, schools, or
environmental improvements. Other programs
make payments to states, which then determine
the best use for the funds. Two of the
largest revenue sharing programs are:

Some federally owned corporations and
financial institutions (e.g., Federal Reserve
Bank, Federal Deposit Insurance Corporation)
that are specifically exempted from local
taxation by Congress make direct payments to
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(1) Which taxes would be included in a PILOT
program? Property, income, and sales taxes
are among the most common taxes that may be
used to determine the level of compensation.
However, gross receipts and excise taxes, and
other taxes that states or localities can levy
may also be incorporated into a formula.

states and localities, in lieu of property
taxes for buildings they own.
In two special cases, negotiated tax payments
on federal property are made annually. The
State of Minnesota is paid 0.75 percent of the
value of certain Superior National Forest
lands. Reappraisement of land is made every
10 years and payments are about $260,000
annually. Trinity County, California is paid
an amount (less than $20,000) annually equal
to the property tax rate times the value of
federal real property and improvements at the
Trinity River Basin.

In some cases, it may be difficult to
determine which tax is being compensated. For
example, there are difficulties with dividing
facility PILOT transfers into those for
property and those for income since the land
and the structure jointly provide waste
disposal services. Although this would not
alter the total PILOT payments, it would
affect its division into property and income
payments. This may matter to the individual
governments involved.

Another example of a partial tax liability
arrangement is the program at New York's West
Valley Reprocessing Plant. The West Valley
Reprocessing Plant, a nuclear facility, was
formerly operated by a private corporation,
Nuclear Fuel Services (NFS) and represented a
large part of the local property tax base. To
offset the loss of taxable property due to the
acquisition of the facility by the state, New
York State began in 1981 to make PILOT
payments to the affected jurisdictions. The
tax-equivalency payments were equal to the
property taxes previously paid by NFS.

In other situations, the existence of special
local tax districts, such as water districts,
that may not be eligible for PILOT
compensation, could affect the amount of
compensation made available to a particular
jurisdiction.
(2) In addition to taxes, should other less
quantitative costs and benefits be factored
into PILOT grants? Unlike many of its
precedents, the nuclear waste PILOT program
would deal with facilities that pose certain
risks. Communities might be expected to
propose that the amount of compensation to be
paid should account for such variables as
potential environmental and human health risks
posed by the nuclear waste repository.

In summary, the overview of PILOT programs and
of facilities that involve the management of
nuclear waste suggests that existing PILOT
programs vary considerably with regard to
their method of payment, but do not provide
much guidance for developing a PILOT program
under the NWPA that is based on tax
equivalency. Few existing PILOT programs
attempt to "mimic" the tax payments that would
be paid if the properties in question were not
owned by tax exempt government units. In
addition, the tax equivalency programs that do
exist appear to be based entirely on property
values rather than the income that the
institution generates. The few examples of
"tax equivalency" consist of payments made to
local governments based on the tax liabilities
that were paid by these properties when they
were owned by private corporate entities.

Although the federal government has not yet
utilized formulas that encompass either risks
or less tangible project benefits, such
considerations have been specified in previous
legislation. The Atomic Energy Community Act
of 1955 established criteria for PILOT
payments to communities. The criteria
included "the alleviation of burdens imposed
on the communities by the nuclear projects;
the ability of communities to provide services
that would facilitate the employment and
recruitment of personnel needed for the
projects, and the benefits to the communities
that result from the nuclear projects."
However, lump sum transfers, rather than a
specific calculation of costs and benefits,
have been used for this program.

ISSUES IN CONSIDERING A NWPA PILOT PROGRAM
In considering a payments-in-lieu-of-taxes
program for the Nuclear Waste Policy Act, a
number of policy considerations will need to
be addressed. Resolution of these issues is
likely to simplify the development of an
approach to estimating PILOT grants. Several
major conceptual issues are discussed briefly
below.

The inclusion of broader social costs and
benefits may result in a more comprehensive
measure of the effects of a repository because
certain social risks and benefits, which are
difficult to quantify, would then be reflected
in the payment. The major problem with
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(5) How should the site characterization and
facility operation phases be treatedl The two
phases of the nuclear waste repository project
are conceptually distinct. Site
characterization occurs earlier in the project
life and it involves inherently different
activities than construction and operation of
the facility. This suggests that the methods
for estimating PILOTS for characterization and
operation should differ. For example, it may
be that few improvements might be made to the
land during characterization, suggesting that
the property tax relevant to characterization
may be quite small. Furthermore, since no
wastes will be stored during this phase, there
is no income from characterization and no
radiological risk to the general public.

incorporating social values in a payment
formula is that they are difficult to
quantify. Being more subjective such a
payment formula might, therefore, become a
focus of protracted dispute even though its
subjected elements aimed for greater equity.
(3) What are the roles of the various levels
of government involved in PILOT programs?
Defining the roles of states, localities, the
federal government, and Indian tribes in a
PILOT program will depend partially on the
site(s) selected for characterization or
facility operation. Each location will have
different state and local taxes, which means
that government roles will vary. To the
extent that PILOT grants under the NWPA are
interpreted to be narrowly prescribed by
legislation, governments have less room for
negotiation.

These considerations are very important
because sites that are characterized, but not
ultimately selected, may not be eligible for
any grants except for PILOT during the
characterization phase of activities (i.e.,
they may not be eligible for impact-mitigation
grants). Therefore, the ability of PILOT
grants to provide appropriate payments to
localities for this initial phase attains an
even greater importance.

(4) To what degree should the PILOT programs
be consistent among the states or localities?
Before selecting a method for estimating
payments, it would be helpful to examine how
consistent, a method is in calculating PILOT
grants across jurisdictions. Of course, any
method largely depends on the characteristics
of individual states and local Hies receiving
grants. But some methods are more consistent
than others, ensuring that similar
jurisdictions are treated equally and
dissimilar ones differently.

(6) How can site characterization activities
be valued for purposes of estimating PILOT
grants? The product produced by site
characterization is information. Information
generated by this phase is valuable in that
mistakes are avoided and costs saved by
determining which sites are better suited for
the repository. Valuing such information,
however, is difficult.

The way taxes are derived in the payment
formula may also have implications for how
consistent the program is across
jurisdictions. If property taxes are used, a
market valuation approach may appear less
consistent than one which is based on
assessment costs. This is despite the fact
that assessment practices vary widely and a
payment based on them would vary similarly.
Nonetheless, because assessment practices are
generally accepted, use of them as a basis for
a PILOT for property taxes would appear
consistent.

First, determining the value of information
involves comparing estimates of the costs of
construction and operation, both with and
without the information produced by
characterization. Second, because information
is produced by a number of sites which are to
be compared, the payments-in-lieu-of-taxes
would somehow have to be apportioned over the
three sites. The value of the information
produced may not be known until after site
characterization has been completed. This
poses a problem for negotiating the amount of
PILOT grants before the site characterization
phase begins.

Finally, certain constraints could be imposed
on PILOT grants to increase consistency across
jurisdictions. This may include placing a
ceiling on the transfer given to a community,
or establishing payment restrictions on a
per-capita basis. The Bureau of Land
Management's PILOT program does not permit a
county to receive more than $1 million and has
per capita restrictions. Features such as
these may be examined in developing a PILOT
program under NWPA.

SUMMARY
This paper has examined some of the issues
involved in considering a PILOT program under
the Nuclear Waste Policy Act. Among the main
issues to be addressed are the choice of taxes
for inclusion in the program, the
interpretation of the scope of PILOT programs,
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the degree of consistency to be achieved, and
the methods of valuing site characterization
activities. This paper has also reviewed
PILOT programs currently in existence and the
tax-related experience of existing nuclear
waste storage and low-level disposal
facilities. In general, current PILOT
programs and existing nuclear-related
facilities make use of formula payments,
negotiated lump-sum transfers, and some forms
of revenues sharing, with only limited and
occasional tax-equivalency PILOT transfers for
foregone property taxes.
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INTRODUCTION
Some citizens and officials may reject the idea of
community planning because it may seem to be
counter to the "free enterprise" system. They may
perceive that planning may limit economic opportunities and reduce freedom of choice. However, when
faced with the questions of equitable use of limited
land and fiscal and natural resources, many
communities have initiated a planning process.
Planning should not eliminate individual choice;
instead, it helps to define choices in terms of the
entire community's well-being. The communities
affected by a repository site will not only face
increased demands for housing, schools, recreation,
water and services, and fiscal planning, but will
also be faced with a desire to maintain the
community's "character". Every community will
address these needs in a different manner based on
each community's desires.

The focus of this paper will be methods of local
community involvement in the community development planning efforts which will be required at
the recommended sites. Community development
planning will include capital improvement plans,
housing plans, zoning changes, business development plans and other community service and fiscal
plans required to meet the projected needs of new
residents as a result of the repository construction and operation. This paper will present, (1)
the need for community planning, (2) methods of
responding to community planning needs, (3)
current community planning issues to be addressed.
THE NEED FOR COMMUNITY PLANNING
The specific needs for community planning will be
based on the socioeconomic impact assessment that
will be completed as part of the environmental
assessment and environmental impact statement
process. The socioeconomic assessment will project potential population increases and service
needs for the communities affected. The Department of Energy has provided an analysis of
potential community impacts in a document entitled
Framework for Community Planning, (Draft ONWI-254),
which has been distributed to state and local
officials.

METHODS OF RESPONDING TO COMMUNITY PLANNING NEEDS
There are four basic methods that have been used by
communities in various parts of the U.S., for
community impact planning. These methods are:
• use of existing community organizations
• use of impact analysis staff or consultants

The community planning needs will mainly be
generated by new residents relocating for
repository related work. At the salt sites, the
number of new regional residents may range from
1,000 to under 4,000 based on current workforce
estimates, these figures include direct and
indirect workers and their families. The number
of new residents will vary from site to site
depending on the size of the local population and
the skills in the local labor force. Also, no
community will receive all the new residents. The
new residents will most likely relocate in the
communities within commuting distance of the
repository site or near the related businesses in
which they are employed. The number of projected
new residents indicates the need for community
planning. In the communities adjacent to a
repository site, growth demands will likely occur
within 3 to 5 years instead of being spread over
a 10 to 20 year time period.

• formation of an impact management committee
• formation of a special impact district
These methods are not mutually exclusive and at
many projects more than one has been utilized by
the local communities. The purpose of these methods
is to establish a community gr< up responsible for
the planning effort, a means to provide public
comment and contributions to the planning process,
technical expertise to assist committee members,
and a mechanism to implement community plans.
Use of Existing Community Organizations - These
local government organizations would include: the
chief administrator, the mayor or the city manager;
the legislative body, the city council or its
counterpart; local service departments and
commissions. The advantage to using existing
community organizations is their high level of

63

knowledge about the community and their legislative
and administrative ability to implement the
community plans. However, their existing job
responsibilities can conflict with the time required to develop a community impact plan.
Use of Impact Analysis Staff or Consultants - The
hiring of a local impact analysis staff or
consultants or use of state or regional planning
agency staff provides a specific expertise not
usually available in existing community agencies.
These people can be used to supplement or direct
local planning analysis. Because of their specific
expertise, they can assist the local community to
focus on major issues and to conduct a thorough
planning process.
Formation of an Impact Management Committee - The
membership of such a committee usually includes
local elected officials and citizen representatives. The number of members, procedures for
selecting members, and committee functions
would be determined by local officials. Various
subcommittees could be established to work on
specific issues such as, housing, business
development, or service needs. Figure 1 displays
the elements of a management process which
includes an impact management committee.
Formation of a Special Impact District - This
method allows two or more jurisdictions to join
together for planning impact needs. State
enabling legislation is usually required for the
formation of special districts. Because impacts
will not be'limited to one jurisdiction, local
units of government can plan needs on a more
unified and efficient basis through a special
impact district.
In evaluating each of these methods, a community
should consider the local level of expertise, the
funds available through state-DOE grants, the
short and long term needs for planning, and the
degree of involvement desired. The Nuclear Waste
Policy Act provides funding for socioeconomic
impact analysis, mitigation planning and
implementation and grants-in-lieu of taxes.
CURRENT COMMUNITY PLANNING ISSUES TO BE ADDRESSED
Mien a community has determined how to organize
their efforts for community planning, three major
areas should be addressed. These areas are:
preparation of the social and economic impact
analysis, provisions for technical assistance and
provisions for financial assistance.

(2) Provisions for technical assistance
• Who will provide the assistance?
• How will the assistance be used by
the community?
i How will the assistance be administrated
and coordinated?
(3) Provision, for financial assistance
• What is the mechanism for funds to be
distributed?
• What are the funding needs?
• Who will be responsible for monitoring
the use of the funds?
It is important that these issues and the planning
methods at the local levels of government are
integrated with state and federal government
efforts to analyze and mitigate socioeconomic
impacts. The states are or will be receiving
grants from the Department of Energy to conduct
socioeconomic studies. The Nuclear Waste Policy
Act of 1982 provides for these activities at the
federal, state, and local level of government.
The Department of Energy's socioeconomic program
will include a comprehensive impact analysis, an
impact mitigation plan and an impact monitoring
program. The local community needs to be familiar
with current efforts at the state and federal
level. The Department of Energy has recently
conducted information exchanges at each of the salt
sites and socioeconomic analysis work was one of
the issue topics. Also, another socioeconomic
presentation on the status of current analysis at
the salt sites is scheduled during this conference.

COMMUNITY 1
GOVERNMENT 1

TECHNICAL
ASSISTANCE

|_
|~

>

PUBLIC
PARTICIPATION

COMMUNITY IMPACT MANAGEMENT COMMITTEE

(1) Preparation of the social and economic
impact analysis
• What types of impacts are to be addressed?
• What are the methods of analysis?
• How will the impact results be coordinated
with other communities and the state?

DEVELOPMENT
PLAN

CAPITAL
IMPROVEMENTS

HG. 1 ELEMENTS OF THE
MANAGEMENT PROCESS

REFERENCES
1. Framework for Community Planning Associated
with Nuclear Waste R jository Siting"
(Draft ONWI-254) prepared by the Office of
Nuclear Waste Isolation, October 1981.
2. Nuclear Waste Policy Act of 1982, 42 USC 10101.
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HYDROGEOLOGIC TESTING STRATEGY
FOR THE BASALT WASTE ISOLATION PROJECT SITE
Mark J. Logsdon and Tilak R. Verma
Division of Waste Management
U.S. Nuclear Regulatory Commission
Washington, D.C.

At the time of licensing for a proposed deep
geologic repository for high-level nuclear waste,
the Department of Energy (DOE) has the
responsibility to present and defend a complete
licensing/performance assessment of the geologic
repository system. As part of its
responsibilities, the Nuclear Regulatory
Commission (NRC) staff will be required to
perform an independent assessment of the
groundwater flow system with respect to the
technical criteria of 10 Coc* of Federal
Regulations (CFR) Part 60. i"icifically, the
staff expects to use mathematical models to
predict pre-emplacement and post-emplacement
groundwater flow paths and travel times. These
predictive assessments will be used to reach
findings on compliance with the proposed EPA
Standards (10 CFR 60.112), which apply to
post-emplacemerrfTgroundwater travel time along
the path of likely radionuclide travel (10 CFR
60.113(2)).

Project (BWIP) site for the full range of
feasible hydrogeologic conceptual models. The
focus of the technical position is the hydraulic
testing of the groundwater flow system at the
site. The testing strategy emphasizes the
primary importance of hydraulic testing near the
repository horizon, which is assumed to be well
below the top of the Grande Ronde Formation.
In the Draft Site Characterization Analysis
, Nuclear Regulation (NUREG-0960) the NRC staff
identified several areas of the BWIP site
hydrogeology that require further investigation,
but which are not addressed in detail in this*
technical position. These include the regional
hydrologic setting (i.e., the development of
defensible boundary conditions), the measurement
of key solute transport parameters, and the
appropriate use of hydrochemistry in flow system
interpretation. Each of these topics,
particularly the development of defensible
boundary conditions, also must be addressed
comprehensively by DOE in the site
characterization process.

Predictive modeling of groundwater flow will
require defensible conceptual models of the flow
system, defensible boundary conditions, and
defensible values of hydraulic parameters. The
purpose of this technical position is to provide
guidance to DOE on an approach that the NRC staff
considers acceptable in determining what
hydrogeologic testing (including types of tests,
scale of tests, and number of tests) at the
Hanford site will be required to produce the
hydraulic data necessary and sufficient to
perform rigorous, quantitative modeling to
support predictions of repository performance.

Although these issues are not covered in detail
in this technical position, the approach
described provides a vehicle by which other
testing car be performed to address critical
questions about effective porosity,
hydrochemistry, and long-term measurements of
hydraulic head.
TECHNICAL POSITION
Basic Approach

A highly prescriptive approach by the NRC staff
to guidance on groundwater testing strategy is
not appropriate. Given the existing data on the
groundwater flow system at Hanford, a range of
feasible hydrogeologic conceptual models exists.
In light of the current levels of uncertainty
about the groundwater flow system and of the
dynamic nature of the site characterization
process,the NRC staff considers that the guidance
should provide an "en,elope" of approaches broad
enough to help guide the detailed decisions that
mus*. be made in the future by DOE. Therefore,
the technical position presents a logical
progression of alternative testing scenarios that
can be implemented at the Basalt Waste Isolation

The basic approach of this site's technical
position is that the hydrogeologic
characterization of the Hanford site should rely
to the maximum extent possible on direct testing
of the hydraulic response of the site to an
induced hydraulic stress.
The approach recognizes that direct testing of
the ground-water flow system's hydraulic
performance, subsequently extrapolated to spatial
and temporal scales appropriate to licensing
assessments, is more convincing than is
performance modeling without direct testing of
the hydrcgeologic systems and should be performed
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at locations which are expected to be most
affected by repository operations and waste
emplacement, to the extent practicable. This
means that some tests should be performed as near
to the proposed repository location as possible,
both in elevation and plan, and some along the
most important potential pathways for
radionuclide transport from the repository to the
accessible environment. Specifically, the
hydraulic testing program for the Hanford site
should begin by testing the Grande Ronde
Formation. Testing of the Wanapum and Saddle
Mountains Basalts should be concentrated along
important potential pathways that have been
suggested by earlier stages of the testing
program.

2.

3.

Large-Scale Pump Test
o

Design, installation and performance of
large-scale, long-term pump test in at
least one location near the Reference
Repository Location (RRL) (e.g., at
DC-16C0;

o

Evaluation of need for further testing
using appropriate performance assessment
methodology (see Figure 2 ) .

Additional Large Scale Testing (if needed)
o

Design, installation of wells, and
performance of long-term pump tests at
other sites adjacent to or on the RRL
(e.g;, DC-4/5, DC-3, RRL-2, and possibly
the McGee,well);

o

Evaluation of the need for further
testing using performance assessment
methodology.

CONSTRAINTS
The strategy presented in this site technical
position has been developed in light, of the
following constraints and objectives:
1.

The existing work should be utilized to the
fullest extent possible, both with respect
to the available data and to the available
facilities.

2.

The strategy should be flexible, so that it
can be adjusted in response to the results
of on-going testing and modeling at any time
during the program.

3.

The strategy should use conventional
techniques and proven equipment, to the
extent practicable.

4.

The time schedule of NWPA must be adhered
to, to the extent practicable.

5.

The cost of the testing strategy mst be
reasonable in light of the limited resources
and time of the project.

4.

o

Design, installation of wells, and
performance of local-scale testing'(pump
tests, dual-well tests) adjacent to
existing or new monitored boreholes on
or near the RRL (e.g., RRL-4, RRL-6,
RRL-14, DC-1/2, DC-X (a new hole
southwest of the repository), DC-18, and
the McGee well).

Details of the testing program are given in the
full text of the site technical position, which
is available on request to the authors.
Graphical representations of the logic of the
program are given in Figures 1 and 2. The
program generally uses boreholes which are open
in the Grande Ronde Formation for observation of
hydraulic head in the Grande Ronde. New wells
are anticipated for most of the pumping locations
and for most of the head-monitoring locations in
units above the Grande, and to the extent
practicable, new boreholes should be drilled
using air-rotary technology in order to avoid the
potential effects of mud on hydraulic test
results.

DETAILED APPROACH
The approach to investigation described in this
site technical position paper is shown in Figure
1 and is based on the following steps:
1.

Additional Local Scale Testing (if needed)

Preliminary Activities
o

Installation of a trail piezometer
string;

o

Installation of a piezometric and
hydrochemical monitoring network in
selected existing and new boreholes;

o

Installation of continuous
water-level-monitoring recorders in all
other deep, open bo'reholes at the BWIP
site;

o

Performance of a head and hydrochemistry
survey of the site;

o

Development of a technical consensus
that the piezometric baseline has been
established;

At several points in the flow diagram of Figure
1, there is a notation of need for consultation
between NRC and DOE. These are critical
programmatic decision points, and the NRC staff
considers that further consultation would be
prudent. In particular, the staff considers that
it would be prudent for BWIP to avoid major
perturbations to the groundwater system during
the period of hydraulic testing. If major
perturbations do occur, for example, from the
sinking of the exploratory shaft, it will be
necessary for BWIP to determine the effects on
the. groundwater system or to demonstrate the
effects on the groundwater system or to
demonstrate again that a piezometric baseline
exists before continuing with hydraulic testing.
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CONCLUSION
This site technical position provides a broad
summary of an approach that the NRC staff would
find acceptable for developing and then
evaluating the hydrogeologic investigation
program at the BWIP site. The proposed approach
takes advantage of the existing facilities and
previous experience at Hanford, including the
geological characterization of the site and the
existence of boreholes open in the Grande Ronde
Formation. In addition, the physical
installations needed to implement this program
also could be used in testing to obtain the data
needed to address the areas of solute transport,
long-term measurements of hydraulic head, and
hydrochemistry.
The hydraulic testing strategy which is described
i,; this document is not necessarily the only
approach which would lead to an acceptable
hydraulic data base and performance assessment;
nor is it intended to be a blueprint for the DOE
or its contractors. However, the method of
arriving at a testing strategy for site
characterization is intended to be representative
of the type of strategy expected prior to license
application testing program, the NRC staff
considers that continuing consultation between
NRC and DOE w i n be required over the full period
of site characterizotion. This strategy
specifically delineates stages at which such
consultation would be appropriate. Finally, the
staff also wishes to reemphasize the importance
of developing defensible boundary conditions and
conceptual models for the groundwater flow
systems.
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PLANS FOR CHARACTERIZATION OF SALT SITES
G. E. Helm, S. C. Matthews, J. F. Kircher, and R. K. Kennedy
Battelle Memorial Institute
Office of Nuclear Haste Isolation
Columbus, Ohio
INTRODUCTION

PURPOSE OF CHARACTERIZATION ACTIVITIES

The Office of Nuclear Waste Isolation (ONWI) is
responsible for the identification and characterization of salt sites for a deep, mined, geologic
repository for the storage of high-level nuclear
waste. At the present time, specific sites have
not been formally recommended for site characterization. When the selection is made and the
President approves the sites, characterization
activities will proceed. Therefore, the characterization plans presented in this paper are basic in
nature and are the minimum program that meets
project needs. The basic characterization plan may
be expanded later to address site-specific considerations and additional questions that arise during
the evaluation of data obtained during the characterization activities.

The proposed salt site characterization program is
designed to address the engineering design requirements, the performance assessment requirements, and
the licensing requirements for each of the principal project elements. The project elements
(Fig. 2) include the repository in the salt horizon, shafts which will connect the repository
facilities with the ground surface, and the associated surface facilities. The principal engineering design and performance assessment questions
which must be addressed include:

Present investigations for the salt program are
focused on salt domes 1n the Gulf Interior Basin in
Mississippi and Louisiana, bedded salt deposits in
the Palo Duro Basin in the Texas Panhandle, and in
the Gibson Dome area of the Paradox Basin in Utah
(Fig. 1).

• Repository: Characteristics and behavior of the
salt at the repository level. This includes
both short-term and long-term behavior.
• Shafts: The characteristics of soil and rock
types which must be penetrated and the groundwater conditions.

Gull Coast Dame locations.
Mississippi and Louisiana

L--3

Fig. 1 Locations under consideration for characterization
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„ Surtaci
faclllllii

Fig. 2 Typical project elements
•

Surface f a c i l i t i e s : The characteristics of the
near-surface soils and rocks for foundation
design and for use in construction.

Storage rooms w i l l be approximately 500 feet long,
20 feet high, and 14 feet wide, and the p i l l a r s
w i l l be approximately 50 to 70 feet wide. The
extraction ratio is approximately 20 percent. The
waste w i l l be stored in waste packages that are
placed in large-diameter holes d r i l l e d into the
floor of the mine. The waste packages are approximately 15 feet long and approximately 3 feet in
diameter and w i l l be spaced approximately 60 feet
apart. Within one year of completion of emplacement within a storage room, the room w i l l be backf i l l e d with carefully compacted s a l t .
Later,
decommissioning w i l l result in the backfilling of
all rooms, corridors, and shafts.

The principal licensing requirements of the U.S.
Nuclear Regulatory Commission are set f o r t h in
Draft Regulatory Guide 4.17 (June 1982), Standard
Format and Content of Site Characterization Reports
for High-Level-Waste Geologic Repositories, and in
Draft Regulatory Guide (June 1979), Standard Format
and Content of License Applications for Disposal of
High-Level Radioactive Waste i n Geologic
Repositories.
Additional characterization activities are likely
to be added after a specific site is identified and
during the course of investigations as data become
available. The additional investigations w i l l
likely include both site and regional aspects.

Five shafts are currently being considered for the
f a c i l i t y . These shafts w i l l range in diameter from
approximately 20 feet to 30 feet. The purpose of
each shaft is as follows:
Shaft 1 - transport of waste containers
Shaft 2 - transport of men, material, excavated
salt, supply air, and u t i l i t y lines
Shaft 3 - supply air, u t i l i t y lines, and
emergency egress
Shaft 4 - exhaust air and uti7ity lines
Shaft 5 - exhaust air

The outer dimensions of the underground repository
are approximately 2 miles x 2 miles. These f a c i l i ties include waste storage rooms, main and branch
passageways, and ventilation passageways. Various
layouts are being considered. In one, the storage
rooms consist of a series of small, parallel
corridors separated by wide salt p i l l a r areas.
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The surface facilities at a repository site
include: five shaft head-frame structures, a waste
packaging facility, supply and exhaust underground
ventilation buildings, administration and underground operation buildings, a power plant, water
ponds, transportation and utility facilities, and a
salt storage pile. In addition, a railroad spur
will be constructed to provide access to the site
for the shipment of wastes.
In developing a characterization program for any
engineering project, it is Important to recognize
what is known about each of the project elements
from similar projects and what is unique about the
project under consideration. The most essential
element of this project is a repository, or mine,
in salt. Me know that mines in salt have been
safely constructed and operated throughout the
world for a number of years. The operating mines
have rooms, or corridors, which are much larger
than those required for a repository, and the
extraction ratio in these mines 1s generally in the
range of'40 to 80 percent. Tha repository, in
effect, is an undersized salt mine. The knowledge
gained from existing mines gives one a feeling of
confidence that this smaller repository can be
safely designed and constructed. The unique aspect
of the project is the emplacement of the heatgenerating waste canisters in the floor of the mine
and the subsequent backfilling of the mine.
To develop the repository, shafts must be constructed. Shafts of similar size and depth have been
successfully constructed for other projects. Also,

Performance assessment model development,
villdillon. verification, ind site model validation

the types of soil and rock strata, and the groundwater conditions which are present at each of the
salt sites under consideration have been successfully penetrated by shafts at other sites. Therefore, there is nothing which is unique to this
project regarding shaft size, depth, or
construction.
The various types of structures required for
the surface facilities are analogous to structures
that have been designed, constructed, and operated
as individual elements at other types of plant
facilities. There are no known foundation conditions at any of the salt sites under consideration
for which structures of a similar nature have not
been successfully designed.
BASIC CHARACTERIZATION PROGRAM
The proposed basic characterization program can be
applied to any of the salt sites under consideration. The activities related to each of the project elements, that is, the repository, the shafts,
and the surface facilities, are summarized in
Tables 1, 2, and 3. These activities are presented
in terms of what is needed to address design,
performance assessment, and licensing considerations; why they are needed; and how the Information
will be obtained. The relationship between selected key activities to overall project needs is
summarized 1n Fig. 3.
The geologic framework at a site is of primary
importance in establishing an exploration program

Performance assessment
lor EIS and C M

Lower aquiler wells grilling
testing, and monitorlngl

E3 exploration, construction, and In situ testing

Abbreviations
WP design, fabrication, testing, and licensing

Design lor
EIS and C M

Engineering design ol lacilily
(surface, snails, and repositoryl

Exploration lor surlace. snails,
and repository lacilities

Geolechnlcal support
to design

Fig. 3 Relationship of Activities for Characterization of Salt Sites
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CA»—construction authorization
application
DEIS—drill tnvironmtntal
Impact statement
ElS-envlronmental impact
statement
ES-exploratory shaft
S C P - i l K characterizaflen
plan
SRR—site recommendation
report
WP—waste package

Plin vliw

Typical dome site

Typical bedded
tilt sill

D

AxOxA a

•

•

a A KOX A n

•

Upper
aquller
Middle
aquiUrd

Lower
aquller

Repository

Surtice
dcllltles
legend
Seismic rellecllon survey irei
D Stratlgraphic holes lor reposilmy
O Pilot borehole lor shall
Upper iquiler monitoring:
x
lor shall
A
lor surface facilities
• Lower aquller test and monitoring holes
leach location consists ol a pumping
well and two ohservation liolesl

Direction of flow
in lower aquifer

Fig. 4 Basic site characterization program

designed to provide the information required for
each of the project elements. The generalized
subsurface geology at bedded salt sites and at the
dome is shown in Fig. 4. It consists of an upper
aquifer unit, a middle aquitard unit, and a lower
aquifer unit. At the bedded salt sites, the
repository is located within the middle aquitard
unit. In the case of the dome, the aquitard unit
is aJjacent to the dome at the repository depth.
Of foremost importance in characterizing a site is
the establishment of the depth, geometry, thickness, lateral extent, lithologic variability, and
in situ stress conditions of the repository horizon. A closely spaced, 3-D seismic reflection
survey will be run over the entire repository area
to establish the depth and geometry of the repository horizon. Four stratigraphic holes located at
the corners of the repository will be drilled,
cored, and geophysically logged to provide data to
establish the details of the site stratigraphy from
the surface to the repository depth. These holes
will provide monitoring points in the repository
horizon, but outside of the actual repository.
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Laboratory analyses on samples from the stratigraphic holes will include: determination of the
chemistry of soil, rock, and water encountered to
provide information regarding the selection of
construction materials for the shaft and waste
package; and engineering testing to establish the
design parameters for the repository and to assess
the behavior of the rock at the repository horizon
when subjected to the heat of the waste canisters.
An exploratory shaft will be constructed to provide
access to the repository horizon. In situ testing
will be performed in the repository horizon to
evaluate the stability of the underground openings
and backfilling techniques, and the behavior of the
salt when subjected to heater tests. Geologic
mapping will be performed to document the horizontal and vertical variations within the repository
horizon and to identify marker beds which can be
used to control the placement of underground
openings. Seismometers will be placed in the
underground openings to monitor earthquake events
winch may occur during the period of the underground testing program.

An evaluation of crustal stability will be made to
determine the probability of occurrence of tectonic
processes which could affect the repository horizon
at the selected site. Regional structure and historical seismicity will be evaluated along with
data from the site and the microseismic network.
This information will also be used to establish the
design basis earthquake to be used in the design of
the repository, shafts, and surface facilities.
The hydrogeologic properties of the lower aquifer
unit will be used as input into the ground-water
model designed to assess the effect of the accident
scenario of the penetration of the repository and
of a waste package resulting in a release of radioactive material in the lower aquifer unit. Five,
lower aquifer hydrologic pump tests will be performed at locations carefully selected in relationship to the repository. At each location a pumping
well and two observation wells will be installed.
Information collected will include in situ temperatures, the piezometric levels, and the transmissivity of the aquifer unit. This Information will be
utilized to determine direction of flow and rate of
flow. Water samples will also be collected for
chemical analysis to establish baseline conditions.
Each pumping well will then be converted Into a
long-term monitoring well.
At the shaft site, four to six upper aquifer hydrogeologic holes will be drilled prior to shaft construction. These holes will be utilized to monitor
ground-water levels and to obtain samples for
chemical analysis to establish baseline conditions.
Water levels will be Monitored for approximately
one year prior to construction of the exploratory
shaft, during construction, and during the operation of the shaft. An exploratory pilot borehole
at the shaft site will be drilled, cored, and
geophysically logged to establish the details of
the stratigraphy and the engineering geology of the
stratigraphic units. Rock samples will be tested
to establish chemical characteristics and engineering properties of the stratigraphic units.
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Investigations for the surface facilities will
include establishment of design parameters for
natural phenomena such as extreme winds, probable
maximum floods, temperature extremes, and the
design basis earthquake. Both regional and sitespecific Information will be utilized to establish
these design factors. This will include the
analysis of historical data, the Installation of
meteorological Instruments at the site, and the
Installation of a microseismic earthquake network
in the site area.
Detailed topographic maps will be prepared for both
the site area and the access routes. A sampling
and laboratory testing program will be performed to
evaluate the suitability for on-site and near-site
materials for use in construction. Foundation
investigations will be performed both in the site
area and along the access route to establish the
foundation design criteria for the various structures. An additional six upper aquifer groundwater
monitoring holes will be drilled around the perimeter of the surface facilities. The purpose of
these holes will be to monitor ground water levels
and ground water chemistry prior to construction of
surface facilities to provide baseline data and
during the construction and operation of such
facilities.
SUMMARY
This basic salt site characterization program has
been designed to provide the data required to
support the design, performance assessment, and
licensing of each of the principal project elements: the repository, the shafts, and the surface
facilities. The work has been sequenced to meet
the design and licensing schedule. It is anticipated that additional characterization activities
will be performed to address site-specific considerations and to provide additional information to
address questions which arise during the evaluation
of characterization data.

TABLE 1. SUMMARY OF SITE CHARACTERIZATION ACTIVITIES RELATED TO THE REPOSITORY

- WHAT -

- WHY -

- HOW -

Characteristics of Repository Horizon
Depth

minimum requirement to protect accessible environment;
maximum based on strength properties and cost

review of existing subsurface Information;
seismic exploration; drilling and coring

Thickness

adequate for underground facilities; protection of
accessible environment

drilling and coring

Geometry

layout of underground facilities

review of existing subsurface Information;
seismic exploration; drilling and coring

Lateral Extent

layout of underground facilities; protection of accessible
environment

review of existing subsurface Information;
seismic exploration

Variability in Rock Type

layout of underground facilities (selection of preferred
horizon); design of openings; Interaction with waste package,
1e, temperature and chemistry of rock and water; suitability as
backfill material

drilling and coring; laboratory analyses;
1n situ mapping; in situ testing

Rock Defects, such as: joints,
bedded planes, natural gas,
brine pockets, fluid
inclusions.

design of underground openings; adequate preparation for
range of conditions that may be encountered during
construction; performance assessment of the possible Impact
of Identified effects on operational and post closure
performance

review of existing information; seismic
exploration; drilling and coring from
surface and within in situ test facility;
laboratory analyses; 1n situ mapping;
in situ testing

In Situ Temperature

behavior of the rock; ventilation requirements

geophysical borehole logging; in situ
measurements

NO

TABLE 1.

- WHAT -

(Continued)

- WHY -

- HOW -

Behavior of Repository Horizon
Crustal Stability

to assess the operational and post-closure stability

assessment of regional and site structure,
and seismicity; microseisnic network;
measurement of In situ stresses

Dissolution

performance assessment of repository horizon

review of existing Information;
establishment of hydrogeologic setting

Interaction with Waste Package:
dissipation of heat; effect
of heat on minerals; effect
of heat engineering properties
of rock mass; effect of heat
on brine migration

performance assessment of repository horizon

laboratory analyses; 1n situ testing

In S1tu Stresses

design of openings; design of waste package; design of waste
emplacement configuration

review of geologic history; hydrofracturing; In situ measurements

Release of Radioactivity
1n Repository Horizon

performance assessment analysis of postulated accident scenario

analysis of stratigraphic sequence based on
existing Information, seismic survey data,
site-specific exploratory drilling, and
laboratory testing; analysis of hydrogeologic setting through drilling, field
testing, monitoring, and laboratory
analyses; transmissivity of salt and middle
aquttard unit based on field tnd laboratory
data; evaluation of retardation of salt and
middle aquitard unit based on laboratory
data

Breach of Repository Horizon:
faulting; drilling

performance assessment analysis of postulated accident scenario

assessment of regional and site structure,
and seismidty; assessment of probability
of deep drilling exploration for mineral
deposits; recharge and discharge points for
the aquifer units; ground water flow and
dispersion analyses based on field data
and model studies

TABLE 2. SUMMARY OF SITE CHARACTERIZATION ACTIVITIES RELATED TO THE EXPLORATORY SHAFT

-

- WHAT -

WHY

-

- HOD -

Characteristics of Soil and Rock

CO

Stratigraphic Sequence

design of lining and placement of seals

drilling and coring

Rock Properties

design of lining and seals

laboratory analyses to establish both
engineering m d chemical properties

Dynamic Response

establishment of design criteria to withstand a design basis
earthquake

establishment of site-specific design
basis earthquake; laboratory determination
of dynamic response of soil and rock units

Rock Defects, such as: Joints,
bedded planes, natural gas,
brine pockets

performance assessment analysis to assure adequate design

assessment of existing Information;
drilling, coring, and geophysically
logging a pilot borehole; 1f construction
techniques permit, 1n situ mapping of shaft

In S1tu Stresses

design of lining

analysis of cores; laboratory analyses
(swelling); 1n situ measurements

Identification of aquifer units and water levels to establish
ground-water protection techniques, ground-water control
methods, and seal horizons

review of existing data; drilling and
coring of holes; measurement of water levels
prior to construction and during construction

Ground Water
Hydrogeologic Setting

Hydrogeologic Parameters

to establish estimated rates of Inflow during construction

hydrogeologic testing

determination of type of permeability (Intergranalar or
fracture) to assist in establishing control and seal techniques

examination of cores

to establish compatibility of construction materials with
ground water

laboratory determination of water
chemistry

to assess ground-water disposal requirements

estimate of quantity based on field test
data; laboratory determination of water
chemistry

TABLE 3. SUMMARY OF SITE CHARACTERIZATION ACTIVITIES RELATED TO THE SURFACE FACILITIES
- WHAT -

- WHY -

-m -

Design Basis Events:
extreme wind; probable maximum
flood; extreme temperatures;
earthquakes

design Input for surface f a c i l i t i e s

historical records

meteorological

performance assessment

on-site Instrumentation

seismkity

performance assessment - crustal s t a b i l i t y

existing strong motion stations plus
project microseismic network

ground water

water quality and levels during construction and operation

upper and lower aquifer monitoring

s i t e layouts; route layout; visual Impact assessments

topographic map prepared from a e r i a l
photography plus ground surveys

foundation design of surface f a c i l i t i e s ; foundation design of
r a i l bed, road bed, river crossings, and slopes

d r i l l i n g , sampling, and laboratory testing

evaluation of natural materials for use 1n construction:
pervious material. Including granular b a c k f i l l ; Impervious
material; aggregate sources; and b a c k f i l l material

trenching, d r i l l i n g and sampling;
laboratory testing

Monitoring:

Topography:
s f t e ; access routes

Foundation Conditions:
s i t e ; access

Material Properties:

PUNNED SITE CHARACTERIZATION FOR THE BASALT WASTE ISOLATION PROJECT
Gail S. Hunt and Karl R. Fecht
Basalt Waste I s o l a t i o n Project
Rockwell Hanford Operations
Richland, Washington

the central Hanford Site contains basalt flows
with thick, dense interiors that have measured low
porosities and hydraulic conductivities. Furthermore, within the Cold Creek syncline (Fig. 1 ) ,
these flows appear to be nearly flat lying across
areas in excess of tens of square kilometers.
Several of the deeper and thicker flows have been
identified as candidate repository horizons. The
Rocky Coulee, Cohassett, McCoy Canyon, and Umtanum
flows are currently considered leading host rock
candidates (Fig. 2). Site characterization relative to the BWIP is focusing on the RRL and the
four candidate repository horizons. This paper
sunmarizes fiscal years 1984 and 1985 site characterizatiop for planned geohydrologic activities
at the BWIP.

INTRODUCTION
The Basalt Waste Isolation Project (BWIP) is administered by Rockwell Hanford Operations, as part of
the National Waste Terminal Storage Program. As
such, the BWIP is chartered with the responsibility
of assessing the basalt beneath the Department of
Energy's Hanford Site in southeastern Washington
State (Fig. 1) as a medium for the disposal of
nuclear waste. The BWIP geohydrologic studies are
focusing on considerations
pertinent to site characterization of a 47-km2 area designated as the
reference repository location (RRL).
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Fig. 1 Extent of the Columbia River Basalt Group,
Pasco Basin, and reference repository location.

Fig. 2 Generalized stratigraphy of the Columbia
River Basalt Group, Yakima Basalt Subgroup, and
intercalated and suprabasalt sediments within the
Pasco Basin.

The results of the initial BWIP geohydrologic
studies (Myers/Price et al. 1979; Gephart et al.
1979; Myers and Price 1981) have determined that
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horizons on the basis of currently available information. The site characterization host rock
studies will continue the acquisition and analysis
of new data to identify geometric and lithologic
characteristics needed to confirm the preferred
repository horizon. The work will include
(l) acquisition of new data from boreholes under
construction, (2) further analysis of outcrops to
the north and south of the RRL, (3) updating isopach and structural contour maps of the candidate
horizons, (4) refining interpretations contained
,in the candidate repository horizon identification
report, (5) characterization of the petrology and
patterns of intraflow structures, and (6) further
analysis of the orientation, distribution, aperture in-filling, and origin uf fractures, discontinuities, and heterogeneities within candidate
repository horizons and surrounding strata.
Hydrochemical Studies
Previous hydrochemical studies of the RRL and surrounding area have consisted of quantifying major
inorganic and isotopic chemistries of water associated with deep and shallow basalt aquifers,
springs, and precipitation. These data are used
in the development of conceptual groundwater flow
models. The plans for hydrochemical studies are
largely based on input by Pacific Northwest Laboratory and include continuation of current activities as well as plans to quantify radionuclide
transport characteristics of the site system.
Examples of specific hydrochemical studies for the
initial phase of site characterization include
determining (1) the effects of drilling fluids on
hydrochemical data, (2) the origin of groundwater
in the Columbia River basalt, (3) the movement of
groundwater in structurally deformed areas, and
(4) the effects of radionuclides on solids from
major groundwater flow paths.

Fig. 4 Proposed Cold Creek syncline groundwater
monitoring network.
Conceptual Groundwater Flow Model
Four concepts are being considered to describe
groundwater movement in basalt (Fig. 5) (Gephart
et al. 1983). Differences between concepts principally focus on the degree of vertical leakage
through basalt flow interiors. The existing geohydrologic data base is preliminary and insufficient to conclusively support one groundwatsr flow
concept over another. A number of geohydrologic
characterization activities are currently under
way to reduce the present uncertainties regarding
conceptual models and groundwater flow paths.
Site characterization activities have been
developed through consultation with an interagency
hydrology work group composed of personnel from
the U.S. Geological Survey, Pacific Northwest
Laboratory, and Rockwell Hanford Operations. The
activities include further analysis of geologic
features as well as large-scale, multiple pump
tests, vertical permeability measurements, installation of additional piezometers, and testing in
an exploratory shaft.

Hydraulic Parameter Studies
Additional hydrologic data is needed to reduce
uncertainties concerning potential groundwater
paths in the basalts of the RRL. The major site
characterization activities regarding hydraulic
parameters will include a piezometer network,
large-scale, and continued small-scale aquifer
testing (Fig. 4). The piezometer network is
designed to (1) establish baseline head data,
(2) help define the validity of existing head
data, and (3) aid in determining conceptual model
boundary conditions. The 1». ge-scale aquifer
testing is to be conducted to (1) test the representativeness of existing hydraulic data,
(2) evaluate the significance of known or inferred
geologic structures, asd (3) investigate vertical
hydraulic conductivity relationships. Limited
small-scale aquifer testing will be continued to
collect hydraulic data in the RRL and from at least
one borehole in a structurally deformed area. The
need for additional borings within the Pasco Basin
that may help confirm a conceptual groundwater
flow model is being evaluated.
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Surf i d ai Geologic Studies
Additional geologic data will be collected to support an assessment of the net effect of surficial
processes within the Columbia Plateau with emphasis
on the RRL and surrounding area. Data acquisition
will be oriented toward the refinement of a conceptual model of the late Cenozoic history of the
RRL. Specific investigation will include (1) geomorphic and subsurface geologic mapping of the RRL
and surrounding areas, (2) detailed surface mapping
of areas surrounding the RRL, (3) updating the
subsurface sediment stratigraphy of the RRL using
new borehole data, and (4) refining the age relationships between various stratigraphic units.
The existing geologic data will then be integrated
to determine the net effect of surficial processes
in the RRL.

Completion of geologic mapping and interpretation of tectonic breccias in the RRL and
synclinal outcrop north of the Pasco Basin
Assessment of late Cenozic sediment deformation in the RRL.

Resource Potential Evaluation
Limited additional studies will be conducted to
monitor geologic resource development near the
Pasco Basin. This effort will be directed specifically to oil and gas exploration in the Saddle
Mountains. The data gathered in tl.is effort will
be used to update the existing resource potential
evaluation of the RRL and surrounding area.
Tectonic Studies
During fiscal year 1983, a report summarizing the
state of knowledge relative to the tectonic history
of the Columbia Plateau was completed (Caggiano
and Duncan 1983). Figure 1 depicts the major geologic structures <n the RRL and surrounding area.
The tectonic report contains a discussion of current knowledge of the stratigraphic, structural,
and kinematic factors that relate to the suitability of the RRL for use as a repository site.
Additional geologic, geophysical, and instrumental
surveillance data will be gathered to define a
tectonic model(s) for the Columbia Plateau and to
assess the implications of such a model(s) in the
RRL. Work to support the definition of tectonic
modelfs) and a long-term tectonic stability assessment will include:

Fig. 3 Hanford Site seismic surveillance network.
Structural Geologic Studies
Structural analysis of Yakima folds will continue,
with emphasis on the location of buried bedrock
folds and faults in the RRL and surrounding area.
Processing, modeling, and interpretation of
gravity, seismic, magnetic, and magnetotelluric
data will continue to examine geophysical anomalies. Efforts will focus on discriminating geophysical anomalies that represent bedrock
structures.

• Evaluation of deformation rates and structural
rotation in Yakima folds with specific emphasis
on the Rattlesnake-Wallula lineament
• Assessment of Ringold formation deformation
across the Cold Creek "barrier" northwest of
the RRL (Fig. 1)

Host Rock Studies
• Continued operations of the University of
Washington and Hanford Site seismic networks
and the installation, calibration, and operation of the borehole seismic network in the RRL
(Fig. 3)

In early fiscal year 1983, a report documenting a
comparative analysis of candidate repository horizons was completed. The report contains a discussion of current knowledge of petrologic, geohydrologic, geochemical, and geoengineering factors
that relate to the suitability of the Rocky Coulee,
Cohassett, McCoy Canyon, and Umtanum flows within
the RRL for use as a repository host rock. The
results of the comparison ranked the Cohassett the
highest, based on decision analyses and expert
judgment; however, all four candidate repository
horizons are considered to be suitable repository

• Analyses of digitally recorded earthquake data
for location, depth, seismic moment, and stress
drop
• Analysis of geodetic leveling and trilateration
survey results from the existing Hanford Site
network and the recently installed detailed
networks across specific geologic structures
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THE FEDERAL INTERIM STORAGE PROGRAM
E. R. Johnson
J. A. McBride
E. R. Johnson Associates, Inc.
Reston, Virginia 22090
INTRODUCTION
Utility perspectives on spent nuclear fuel
management have changed radically in the last ten
years in the U.S. The delays in getting commerical
fuel reprocessing underway in the early 197Q's had
resulted in a recognition by 1974 of a prospective
shortage of storage space for spent fuel by the en'd
of the decade.(1) The Ford slowdown in 1976(2) and
the Carter moratorium on reprocessing in 1977(3)
made it clear to utilities that they could no longer
rely on reprocessing as the way spent fuel could be
managed, and forced action to increase storage
capacity at the reactor sites. This increase in
capacity has been developed through reracking of
existing pools and expanding the pools of reactors
in the design or very early construction stages.
Disassembly of fuel and storage of consolidated rods
also offers a means of increasing pool capacity, but
only limited experimental work has so far been done
to develop this procedure. The extent to which both
reracking and rod consolidation may be employed may
be restricted at some sites by structural
limitations in the existing pools. Thus there
remains a potential excess of spent fuel over that
which can be stored at reactors by existing proven
techniques(4).

represented in turn a compromise among three House
Committee-sponsored bills.
The provisions for
interim AFR storage differed among these antecedents
in several important ways. For example, although
both Senate and House placed upper limits on the
amount of spent fuel for which the Department of
Energy, (DOE) would provide interim storage, the
Senate limit was 2800 metric tons and the House
limit 1700 tons. The Senate provided for transfer
of title to the fuel to DOE at the reactor site and
authorised DOE to transport the fuel from the
reactor site to the storage facility; the House
prohibited transfer of title and made no provision
for transportation. The Senate required use of URC
licensed storage facilities, while the House
permitted unlicensed storage at government sites
using "available capacity at one or more facilities
owned by the Federal Government on the date of the
enactment of this Act." The Senate permitted state
objection to the location of an AFR storage facility
within its boundaries, while the House made no
provision for state participation in AFR storage
facility siting procedures. Both Senate and House
required full cost recovery through fees assessed on
users of the interim storage facility. ,

In October 1977, the Carter Administration announced
a plan for the Federal Government to assume responsibility for accepting and storing such excess spent
fuel. This governmental policy was reversed by the
Reagan Administration, which has emphasized the
desirability
of minimum
Federal
Government
participation in support of the commercial nuclear
power program. There have thus been pressures and
counter pressures for a Federal Government sponsored
spent fuel storage program. The utility industry
has been united in its support for a governmentsponsored away-from-reactor (AFR) spent fuel
storage facility, while there are many Congressmen
in both Houses who feel that there is no need for an
AFR storage facility, or that it is not a proper
function of the government to provide such.

The Act as finally passed into law contained the
following significant provisions regarding interim
storage of spent nuclear fuel by DOE:

THE NUCLEAR WASTE POLICY ACT OF 1982
It was in the environment summarized above that the
interim storage provisions of the Nuclear Waste
Policy Act of 1982 (NWPA-1982, or the Act)
developed.
The Act as finally passed was a
compromise between a Senate-passed bill, S-1662, and
a House-passed bill, HR-3809; the House bill

Quantity The
is limTted to
to "ensure
available

quantity of fuel which DOE may accept
1900 metric tons, and DOF. is directed
that storage capacity is made
when needed."

Eligibility
DOE is authorized to enter into
contracts for provision of interim storage only with
utilities whose eligibility has been certified by
the
Nuclear
Regulatory
Commission
(NRC).
Eligibility is to be determined with respect to
criteria which NRC must have developed, and is
limited to utilities which are "diligently pursuing
licensed alternatives to the use of Federal storage
capacity
"
Transfer of Title The Act provides that DOE take
title to eligible spent fuel at the reactor site.
Transportation DOE is required to transport the
fuel to the storage site, using "contract private
industry to the fullest extent possible in each
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days by transmittal of a written notice to that
effect to the U.S. Congress. This disapproval can
be overridden only by a joint resolution of both
Houses of Congress approving the DOE plan.

aspect of such transportation." The transportation
is subject to licensing in the same manner as any
other commercial spent fuel shipments.
Cost Recovery The Act provides that fees shall be
charged for storage services, and that these fees
and the method of calculation thereof shall be
published in the Federal Register on or before
January 1, 1984, and annually thereafter. These
fees "shall be established on a non-discriminatory
basis" and the payment charge to each user "shall be
based upon an estimate of the pro rata costs of
storage and related activities
"
The costs
included are those for "acquisition, construction,
operation, and maintenance of any facilities" for
storage, as well as related costs of government
administration and impact aid.

Impact Aid The Act requires that DOE make impact
aid payments annually to a state or appropriate unit
of local government, or both, in order to mitigate
social or economic impacts resulting from
establishment and operation of a storage facility
withir the jurisdictional boundaries.
The Act
limits such payments to 10 percent of the costs of
establishing, operating, and decommissioning the
facility,
plus the
government's
costs
of
administration of the interim storage program, or
$15/kg of spent fuel stored, whichever is less; the
Act also directs DOE to establish such terms and
conditions for these payments as will ensure that
the objectives of the impact aid payments are
achieved.

Siting of Facilities Interim storage facilities may
be located at Federal Government sites or at the
site of any civilian nuclear power reactor; unless
the storage capacity is provided through "use of
available capacity at one or more facilities owned
by the Federal Government on the date of enactment
of this Act", the storage facility and its operation
must be licensed. If 300 or more metric tons of
storage capacity is provided at any one Federal
site, an environmental impact statement must be
prepared in accordance with requirements of the
National Environmental Policy Act of 196.9; provision
of less than 300 metric tons at any one Federal site
requires only preparation and publication of an
environmental assessment if modification or
expansion of the facility is required.
State and Indian Tribe Participation
The Act
requires DOE to notify the governor, state
legislature and the tribal council of any affected
Indian tribe (GSLTC) of its intention to investigate
any site or facility located in that state which
site or facility is considered to be potentially
acceptable for FIS, and to keep the GSLTC currently
informed of the progress of the investigation and
the results.
If a site is selected, prior to
commencing any sitff c-:pecific work, the DOE must
notify the GSLTC u -ch selection and enter into
negotiations for a cooperative agreement under which
the state and tribal council will have the right to
participate in the planning and execution of the
interim storage facility projects.
Public
participation in these negotiations must be provided
for.
If the DOE plans to store 300 metric tons or more of
spent fuel at any one site, it must notify the GSLTC
of the the state or reservation of such plans, and
the governing body of the state or affected Indian
tribe may formally disapprove the plan within 60

Development and Cooperative Demonstration Programs
on"Tpent Fuel Storage
The A"ct establishes a
research and development program in dry storage
techniques and a cooperative demonstration program
under which DOE would undertake to assist utilities
in obtaining the necessary data and information on
one or more dry storage techniques to support
license applications to NRC for approval of these
techniques.
The above summarize the major provisions and
restrictions of the Act relating to Federal interim
storage of spent fuel. Though not comprehensive,
these paragraphs present the principal impact of the
Act in each of the areas discussed.
IMPLEMENTATION OF THE FEDERAL INTERIM
STORAGE PROGRAM
The lack of of basic information concerning the
timing and quantities of spent fuel likely to
qualify for Federal Interim Storage (FIS) under the
terms of the Act makes it impossible for DOE to
formulate a specific plan for providing the storage
services at this time. In connection with past
considerations of Federally-sponsored AFR storage
of spent fuel, DOE has looked at government-owned
facilities which might be suitable for storage of
commercial spent fuel(5).
A number of these
appeared to have possibilities, but the availability
and suitability for the present purpose have not
been determined. The requirement of the Act for
full recovery by DOE of all costs related to the FIS
program discourages any significant effort to
characterize and prepare facility locations and
possible storage methods until the quantity of fuel
likely to require FIS storage is known; this must be
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determined by the NRC and made known through certifications of eligibility.
Only after such
certifications are made can DOE proceed with the
necessary actions precedent to receiving fuel for
FIS.

TABLE 1
FORECAST FOR ADDITIONAL SPENT FUEL STORAGE NEEDS (MTU)

Year
1934
1985
1986
1987
1988
1989
1990
1991
1993
1993

The preliminary consideration which DOE has given to
the matter of possible storage sites and storage
techniques has led to the conclusion that the
initial storage requirements will be met most
conveniently and economically through use of available existing facilities with both storage and hot
cell capability.
The hot cell capability is
required for transfer of the spent fuel from the
shipping casks. If there are such facilities which
are both suitable For the purpose and available,
they would be used. This determination will be made
as soon as the first applicatior for determination
of eligibility for FIS is received by NRC. As soon
as one or more sites which are both suitable and
available have been identified, the appropriate
notification to the GSLTC will be made, and the DOE
will initiate the site-related environmental,
economic and technical studies for these sites.

Maximum AR Capacity
Annua1
Cumulative
0
0
18
46
168
363
366
495
559
508

0
0
18
64
232
595
961
1,420
1,979
2,487

Maximum AR Plus
Transshipment
Annual
Cumulative
0
0
0
0
0
0
30
30
11
41
89
130
105
235
148
383
223
606
323
929

The column identified as "Maximum AR Capacity"
represents the storage needs assuming that utilities
will increase their fuel storage pool capacity to
the maximum extent feasible using currently licensed
technology (only reracking and off-site transship
ment are currently licensed by the NRC). "Maximum
AR Plus Transshipment" assumes that, in addition to
pool capacity expansion and existing plans for
transshipment, maximum advantage will be taken of
the possibilities for transshipment of fuel within
any given utility system. The figures set forth in
the table do not, however, include consideration of
prospective reduction in storage needs which may
result from the cooperative demonstration program
established by the Act; the reinsertion into
reactors of spent fuel assemblies to increase the
burnup level of the fuel; increases in the effective
storage capacities of existing reactor storage pools
through disassembly of spent fuel assemblies and
storage of the resulting fuel rods in a close-packed
configuration; or other increases through addition
of water pool storage capacity or use of new dry
storage techniques.

As soon as the NRC has issued one or more
certifications of eligibility for FIS, DOE will
undertake to enter into a contract(s) for storage
service? with the utility(s) and will simultaneously
initiate the other actions required. These include:
selection of the site and method of storage to be
employed; notification of the affected GSLTC and
negotiation of an agreement for cooperation with the
appropriate state or Indian tribal body; design and
construction of the facility; and activation of the
Interim Storage Fund upon receipt of the requisite
authority from the Congress.
POTENTIAL REQUIREMENTS FOR
FEDERAL INTEkIM STORAGE
OF SPENT FUEL
As has been noted previously, the lack of information relating to the probable quantities of fuel
likely to require (and qualify for) FIS limits the
planning which can be done in advance of the need
for storage services. The DOE has periodically
studied the spent fuel inventory on hand and the
projections of at-reactor storage capability. The
latest report on these studies was issued in January
1983(6); an updating of the assessment of potential
need for supplemental storage capability is expected
to be released in early 1984.

The net effect of these factors is expected to be a
further reduction of the requirements for
supplemental storage, and could be elimination of
such need completely. In any event, it seems clear
that the possible requirement for FIS services will
be under 300 metric tons through the 1988-1989
period, and possibly later. By then, utilities
which are currently forecasting shortage of storage
capacity in that period should have had adequate
time to provide the required supplemental storage at
the reactor site. It therefore seems reasonable to
conclude that needs for FIS services in the late
1980's and beyond (to 1991) will be those that
develop due to licensing and construction delays
beyond the reasonable control of the utility.

Based on information current in the third quarter of
1983, the quantities of spent fuel forecast to be in
excess of at-reactor storage capability are as shown
in Table 1.
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fund management, and (iv) impact aid payments made
in accordance with requirements of the Act.

FEDERAL INTERIM STORAGE FEES
The fees which have been established for FIS
services were developed by DOE in such a way as to
assure compliance with the provisions of the Act
regarding full cost recovery for the storage
services and all related activities(7). Several
ways of structuring the fees were evaluated, and it
was concluded that the best interests of both the
users and the government would be satisfied by a
two-part fee structure; such an arrangement would
also provide the most appropriate method of cost
recovery. An Initial Payment will therefore be
required of each user at the time of execution of
the contract for FIS services, and a Final Payment
will be made upon delivery of the fuel to the FIS
facility. In addition, each user will be biTed for
the actual costs incurred by DOE in transporting his
fuel to the storage site.
In the absence of
specific information as to the quantity of fuel
likely to be certified as eligible for FIS, th<> fees
have been established as a function of the initial
storage capacity. The fees are set forth in Table
2; they do not include the transportation costs,
which will be specific to each reactor site and
destination.
TABU ?
FEES FOR F I S SERVICES RENDERED EV THE
DEPARTMENT OF ENERGY, 1 9 8 1 S/fcqlj'

Capacity of FIS
Facility (MTU)

Initial
Payment

Delivery
Payment

Total
Fee

ion

290

360

670

300

110

190

300

80O

40

150

190

1500

20

140

160

1900

20

130

150

The calculation assumed that two-thirds of the weight of uranium is contained
in Pressurized Hater Reactor (PWR) assemblies at 0.461 MTuVasser.bly and onc-thiid
of the weight of uranium is contained in Coiling Water Reactor (8«R) assemblies
at 0.183 HTU/assemhly.

The initial capacity of the FIS facility will be
based on the quantity of fuel storage services which
is required by the first contract or contracts
entered
into by the Department
following
certification of eligibility for FIS services by
NRC. The Initial Payment is an advance payment
covering the pro rata share of the preoperational
costs including (i) the capital costs of the
transfer facilities and storage area required to
accommodate
the initial
storage
service
commitments,
(ii) development costs, (iii)
Government administrative costs including storage

The Final Payment to be made at the time of delivery
of the spent fuel to the Department would be
calculated to cover the sum of the following:
(i)

any under- or over-estimation in the costs
used to calculate t.he Initial Payment of the
fee (including any savings due to rod
consolidation),

(ii) module costs (i.e., storage casks, drywells,
or silos), and
(iii) the total estimated cost of operation and
decommissioning of the FIS facilities
(including Government administrative costs,
storage fund management and impact aid).
In addition, the user will be billed at this time
for the costs of transportation of his fuel to the
storage facility.
The first contract(s) executed for FIS services will
determine both the initial capacity to be provided
in the storage facility and the fee for these
services as set forth in Table 2. The Initial
Payment will be the unit price in effect for the
total storage capacity required by such contracts.
(The contracts signed within 60 days of the date on
the first such contract are considered to be
included in "the first contracts"). If the quantity
of fuel covered by these contracts is 100 metric
tons or less, the Initial Payment charge for 100 MTU
will apply; if the quantity exceeds 100 metric tons,
the Initial Payment will be determined for the
specific quantity by interpolation between the
appropriate values in Table ?.
In order to take into account the time value of
money in establishing the revenue requirements
necessary to assure full recovery of costs, DOE made
the following assumptions in formulating the
expenditure/revenue schedules upon which the fees
were based:
(1)

Design and construction of FIS facilities
would commence in 1984 and be completed so
that storage operations could commence in
mid-1987.

(?)

The FIS facility would receive spent fuel
during the three year period between mid-1987
and mid-1990 (even though it could accept
fuel after 1990). It would ship spent fuel
to a Monitored Retrievable Storage (MRS)

facility or waste repository during the
three-year period commencing
at the
beginning of 1998 and terminating at the end
of 2000. One-third of the storage capacity
of the FIS facility would be received each
year during the receiving period, and onethird would be shipped each year during the
shipping period.
(3)

Decontamination and decommissioning of FIS
facilities would be conducted in the year
2001.

Canistered, consolidated spent fuel rods are to be
accepted for storage at the FIS facilities, but
consolidation will not be a criterion for
acceptance, nor will the disassembly and
consolidation of spent fuel be included in the
capabilities of the FIS facilities. The fees shown
in Table 2 will also apply to storage of canistered
consolidated spent fuel rods. When the cost effects
of storing consolidated fuel become known, any
economies in the operation which accrue from receipt
and handling of consolidated fuel rods will be
factored into the annual recalculation of the fee as
soon as they can be accurately determined, and a
separate fee for receipt, handling, and storage of
consolidated rods will be published.
If these fees are lower than those previously
collected for consolidated fuel tendered by any user
of FIS services, adjustments will be made for such
difference in che manner described below.
Both the Initial and Final Payments will be revised
annually by DOE to reflect (among other things) the
economies of a larger FIS operation which results
from additional commitments for FIS services under
contracts executed subsequent to the first
contracts. In order to maximize the equitability of
Initial Payments among the users of FIS services,
adjustments to Initial Payments will be made by DOE
to reflect the changes in pro rata costs as the
amount of fuel under contract increases. This
adjustment will be made after a determination is
made of the total costs incurred to the time of
recalculation in the preoperational activities,
including design, safety reviews, construction, and
the other costs related to the FIS program. A new
pro rata cost will be determined, based on the
increased quantity of fuel stored and the additional
users. The difference between the new pro rata cost
and the Initial Payment previously made by each user
will be refunded annually with interest. When all
preoperational activities have been completed, the
total costs will be determined as above, and
prorated to all -\sers. Differences between these
costs and paymants already made by individual users
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will be credited or debited to the Final Payment for
each user.
In addition to the adjustment described above, it is
expected that DOE will make a final adjustment after
the decommissioning of the FIS facilities, or
December 31, 2001, whichever is earlier.
This
adjustment will be based on a determination of the
total costs incurred in design, construction,
operation and decommissioning of the FIS system
through December 31, 2001. Final adjustments will
be made to the extent that there is a difference
between the total amounts paid by each user in
Initial and Final Payments and the user's pro rata
share of these total costs (net of its pro rata
share of interest earned on advance payments made).
CONCLUSIONS
The DOE has developed a program for providing
Federal Interim Storage services for spent nuclear
fuel which complies with the requirements of the
Nuclear Waste Policy Act of 1982. Although very
little constructive activity in providing storage
facilities can be undertaken by DOE until fuel has
been certified by NRC as eligible for FIS, DOE
planning and background information is such as to
provide reasonable assurance that its obligations
can be fulfilled when the required certifications
have been issued. A fee structure providing full
recovery of all costs associated with the FIS
program, as required by the Act, has been developed.
It provides for an equitable distribution of costs
among users, based on the quantity of fuel requiring
storage.
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total fuel cycle. Two of our main considerations
in setting up the Program were (1) that the MRS
would use existing technology and solicit input
from industry so that it -'ould not be necessary to
"re-invent any wheels" and (Z) that the MRS be
optimized as an element of the fuel cycle system to
ensure that it would meet industry and Government
needs in a cost effective manner. It is sometimes
so easy to focus on a component of a system and let
someone else worry about the interface and integration problems (e.g., transportation, waste package,
etc.). The integration of an MRS into the total
system will be evaluated extensively as background
for the "needs" analysis.

INTRODUCTION
The Nuclear Waste Policy Act of 1982 defines the
Federal Government's overall program for the
management of radioactive waste from commercial
nuclear power operations. The ultimate objective
of the Department's commercial waste management
program is the safe and environmentally sound
disposal of the waste in a deep geologic repository. However, a Monitored Retrievable Storage
(MRS) facility, if authorized by Congress, could be
used for waste storage prior to the availability of
a geologic repository. The current mission of an
MRS as a potential back-up to a repository is
illustrated in Fig. 1, which depicts the commercial
nuclear fuel cycle. This paper will focus on a
management overview of the Program including goals,
objectives, schedules and present status. Subsequent papers in this session will address more
detailed descriptions of specific activities.

Pacific Northwest Laboratory (PNL), operated by
Battelle Memorial Institute, is the lead technical
contractor with the Ralph M. Parsons Company in
association with Westinghouse and Golder Associates
as the team responsible for design and supporting
studies, including environmental and systems
analyses. PNL has utilized numerous subcontractors
to efficiently draw on the existing data base for
dry storage concepts. The DOE has implemented
plans for extensive peer review from industry, the
academic community and state and Federal groups and
agencies to ensure that the proposed MRS is technically sound and consistent with institutional
requirements.

THE MRS PROGRAM
Since the mid-1970s, active programs have been
underway under the Atomic Energy Commission (AEC),
the Energy Research and Development Administration
(ERDA) and the Department of Energy (DOE) to
develop a broad technology base for what was
originally termed "retrievable surface storage,"
Several of the concepts progressed to the hardware
stage and underwent demonstration testing for
design confirmation. The current program is
designed to build from this technology base a
proposal for the construction of one or more MRS
faci1ities.

One of the first milestones dictated by the Act was
the submittal of an MRS R&D Report to the Congress
by July 1, 1983, describing the research and development activities which the DOE considered necessary to develop the proposal. The report concluded
that "no further research and development activities are considered necessary to develop a MRS
proposal..." It is possible that some design
confirmation testing could be required for licensing if Congress decides to proceed with an MRS, but
none is required for proposal preparation.

The Act requires that the proposal be submitted to
the Congress by Oune 1, 1985, and that the proposal
include advanced conceptual design1., and cost estimates for the primary concept, and conceptual
designs for an alternate concept. These designs
must consider three sets of site characteristics.
In addition to the designs and cost estimates, the
Department of Energy must submit an environmental
assessment, a deployment plan, a funding plan, and
a plan for integrating MRS facilities into the

To permit initiation of design activities in December, the DOE must select one prime and one alternate concept from the list of candidates. The list
of candidate concepts under consideration is shown
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in Table 1. Figures 2 through 4 show conceptual
drawings of three of the candidate concepts. These
concepts resulted from the Retrievable Surface
Storage Facility (RSSF) Program, which was
conducted in the mid-1970s. From purely technical
considerations, it has been recognized for some
time that any of the concepts could probably be
constructed and licensed for operation.
A listing of the key program milestones is shown in
Table 2. The Program is somewhat unique in that
the end dates and deliverables are clearly defined
in the Act so the management task is to design a
disciplined program to achieve these goals. The
extent of documentation and the associated review
of the documentation compresses the design effort
significantly.

SUMMARY
From an overall management perspective, the status
can be summarized as follows:
•

The schedule is tight and is successoriented. However, it is achievable.

•

The Program continues to be on schedule.

•

The A-E team will be on board this month and
is geared up for start of design.

•

Concept selection is nearing completion.

•

Peer review mechanisms have been established
to ensure valuable and timely input from
industry, the academic community and other
agencies.

•

From a technical standpoint, the technology
exists to construct any of the eight concepts.

•

From a constructability standpoint, siting
requirements are so general that an MRS
facility could be constructed literally in any
of the contiguous United States.

FUNDING REQUIREMENTS
Funding requirements by work breakdown structure
(WBS) element for FY-1984 and FY-1985 are shown in
Table 3. In FY-1984, the bulk of the effort is
centered on design activities by the architectengineer (A-E). In FY-1985, the A-E effort begins
to taper off during the final report preparation
period. The scope of activities that will occur
after proposal submittal will depend solely on the
decision from the Congress on authorization.
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Table 1. Candidate MRS Concepts Under Consideration
Casks
Metal
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Open-Field

Open-Cycle

Tunnel

Closed-Cycle
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- Transportable
Concrete (Silo)
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Concrete Cask-In-Trench
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Table 2.

Key MRS Program Milestone 1 .

Milestone Description

Planned Pate

I n i t i a t e A-E Design A c t i v i t y

Dec 1933

Complete System Design Descriptions

Jan 1984

A-E Submits 30% Design Review Package

May 1984

A-E Submits 70% Design Review Package

Sept 1984

Draft EA to DOE-Rl for Review

March 1985

Draft Proposal to DOE-RL for Review

March 1985

Complete Compilation of EPA/NRC Comments

May 1985

Proposal Submitted to the Congress

June 1985

Table 3,

FY-1984 and FY-1985 Funding Requirements ( i n Thousands)

Cost by WBS Element

FY-1984

FY-1985

977

950

1,315

1,600

03 Environmental Assessment

370

400

04

570

950

Or""" Program Management

02

System Integration/Licensing

Design & Analysis Support

7,450

3,700

Siting

955

900

SPECIAL STUDIES

363

500

05 Facility Design
06

12,000

9,000

PNL

3,492

3,500

Contractors

8,508

5,500

Cost by O r g a n i z a t i o n
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SELECTION|OF CONCEPTS FOR MONITORED RETRIEVABLE STORAGE
W. R. Ashton
W. S. Kelly
R. I . Smith
M. 8. Triplett
B^ttelle Pacific Northwest Laboratory
Richland, Washington 99352

Metal cask (stationary and transportable)
Concrete cask (silo)
Concrete cask-in-trench
Field drywell
Tunnel drywell
Open cycle vault
Closed cycle vault
Tunnel rack vault

INTRODUCTION
The Nuclear Waste Policy Act of 1982 diVects the
Department of Energy (DOE) to present tot Congress
on or before June 1, 1985, a proposal to\construct
one or more monitored retrievable storaga (MRS)
facilities. As specified in the Nuclear Vlaste
Policy Act (NWPA), the MRS facility shoul<\ be
designed to accomplish the following:

MRS concepts have been .studied extensively in the
past 15 to 20 years. Unfortunately, the various
results from previous studies are difficult to
compare due to inconsistent assumptions for
throughput rates, storage capacities, and projected facility lifetimes. To achieve a more
equitable comparison of the concepts, conceptual
design analyses were performed for the candidate
concepts using a common set of specified design
requirements selected with consideration of the
MRS mission.

• accommodate spent nuclear fuel and high-lk'vel
radioactive waste resulting from civilian
nuclear activities
• permit continuous monitoring, management, ari
maintenance of spent fuel and waste for the
foreseeable future
• provide for the ready retrieval of spent fuel
and waste for further processing or disposal
• safely store spent fuel and waste as long as may'
be necessary by maintaining the facility through
appropriate means, including any requirement
replacement of the MRS facility.
An early step toward an MRS proposal to Congress
is the selection of a primary and an alternate
concept for further design studies. This paper
describes the process conducted by the Pacific
Northwest Laboratory (PNL) to evaluate candidate
MRS concepts and to recommend the primary and
alternate concepts.

Using this normalized conceptual design information, the MRS concepts were evaluated and compared
on the basis of their relative performance on
seven criteria: flexibility, concept maturity,
cost, environmental impacts, safety and licensing,
socioeconomic impacts, and siting requirements.
V
seven criteria were judged to form a reasonable and complete basis for the evaluation of
RS concepts' ability to satisfy the MRS mission
requirements.
TheXevaluation process using these criteria consisted of four main elements. First, a committee
of PML technical staff members reviewed the normalized design information and ranked the concepts
in teriTK of their relative performances on each of
the seven criteria. Second, a separate committee
of senioV PNL staff with extensive nuclear waste
management experience developed weights for the
seven criteria corresponding to their perceived
importance\in selecting an MRS concept. Third,
the conceptVankings by criterion were combined
with the criterion weights to yield a composite
ranking. The sensitivity of this ranking to
changes in the criterion waights was tested to
identify the most preferred (and least preferred)
concepts. Finally, to clearly discern the primary

The primary mission of the MRS system is to provide an alternative means of storage in the event
that the repository program is delayed. Past MRS
studies indicate that technologies for passive
dry-storage, which do not require any external
power to provide cooling, are preferred for longterm MRS applications. In developing the MRS program, DOE has continued to pursue these passive
dry-storage technologies in order to minimize the
dependence of the operation and safety of the facilities on active components. The MRS concepts
considered were the eight concepts included in the
MRS Research and Development Report to Congress in
FY-1983. These eight concepts are listed below.
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and alternate concepts, the most preferred concepts were compared in terms of their relative advantages and disadvantages. This final pairwise
comparison of concepts provided the basis for the
recommendation of the primary and alternate
concepts.
EVALUATION PROCESS OVERVIEW
While MRS concepts have been studied extensively
in the past 15 to 20 years, the previous study
results are difficult to compare due to inconsistent design and operational assumptions. Past
studies therefore, did not provide a sound technical basis for selecting a primary and an alternate
MRS concept. To alleviate this problem, the candidate concepts were evaluated on a common set of
performance requirements (see Woods and Jackson
1983) to provide comparable design and performance
data. A Concept Ranking Committee (CRC) used a
structured decision process to review these data.
This committee evaluated the relative performance
of the alternative concepts for each of seven
evaluation criteria.
To assemble these separate technical evaluations
into an overall or composite recommendation, a
separate Criteria Weighting Committee (CWC) addressed the issue of the relative importance of
the seven ranking criteria. Weights were assigned
to the criteria to indicate their relative importance in selecting an MRS concept. The rankings
by criterion and the criteria weights were combined into a composite ranking. The sensitivity
of this composite ranking to changes in the
criteria weights was examined to distinguish among
the concepts according to relative desirability.
Each of the higher performance concepts was compared with all other higher performing concepts in
terms of its relative advantages and disadvantages. These pairwise comparisons formed the
basis for the recommendation of the primary and
alternate concepts.
The MRS concept evaluation process consisted of
the steps depicted in Fig. 1. This figure also
shows the committee or organization responsible
for conducting each step. These steps are described in more detail in the remaining sections of
this paper. The two initial steps, concerning a
description of the candidate concepts and a discussion of the Severn criteria used to compare
concepts, are presented in the next two sections.
The final section describes the remaining steps of
the process - comparison and ranking of concepts
leading to the final recommendation.
CANDIDATE MRS CONCEPTS
During the last few years, numerous storage
concepts have been extensively studied by various
organization". The MRS concepts considered in
this evaluatic process were the eight concepts
contained in the 1983 MRS Research and Development
Report to Congress. These dry-storage concepts
are listed below.

Metal cask (stationary and transportable)
Concrete cask (silo)
Concrete cask-in-trench
Field drywell
Tunnel drywell
Open cycle vault
Closed cycle vault
Tunnel rack vault
Note that the metal storage cask has two operational variations, a stationary mode and a transportable mode. These variations differ significantly in their operational characteristics, and
were thus considered separately in the evaluation.
To facilitate an equitable comparison of the concepts, a conceptual design analysis was performed
for each concept by independent and experienced
contractors. These contractors were selected for
their previous technical evaluation work on the MRS
concept designs. A common set of design requirements for storage of spent fuel was specified to
facilitate this analysis. These requirements are
described in detail in Woods and Jackson (1983).
The principal requirements were as follows:
• 15,000 MTU storage capacity
• 1,800 MTU/yr throughput rate
• consolidation of spent fuel at the MRS facility
prior to storage
• throughput rate expandable to 3,l)U0 MTU/yr
• storage capacity expandable to 72,000 MTU.
An evaluation of the same scenario for storage of
equivalent quantities of HLW and its associated
TRU waste from spent fuel reprocessing was also
used to compare concepts. A generic Receiving and
Handling facility with common requirements was
used with all concepts.
Each concept is described below. These summaries
are derived from information assembled for use in
the concept evaluation process.
Field Drywell
A field drywell MRS facility utilizes stationary,
in-ground, dry, sealed containers for storage of
spent fuel or reprocessing wastes. The facility
consists of three major components in addition to
the generic Receiving and Handling facility:
1. An array of near-surface drywells in a field
into which the canisters of radioactive material are placed for storage and from which the
canisters can be retrieved for final
disposition.
2. An onsite transporter containing a shielded
transfer cask to carry the canisters of radioactive material from the Receiving and Handling facility and insert them into the proper
drywell location in the field, and when

UUt HQ/KL,
select Ranking
Criteria

FOUR INDEPENDENT CONTRACTORS
Assemble Normalized Data
On Candidate Concepts

WEIGHTING COMMITTEE
Assign Weights to
Evaluation Criteria

RANKING COMMITTEE
Rank Concepts for
Each Criterion

DECISION ANALYSIS STAFF
Obtain Composite Ranking
and Conduct Sensitivity
Analyses

RANKING COMMITTEE
Conduct Pairwise
Comparisons

RANKING COMMITTEE
Recommend Primary and
Alternate Concepts
Fig. 1 MRS Concept Evaluation Process
necessary, retrieve them from their storage
locations and return them to the Receiving and
Handling facility.
3. A system for detecting any releases of
radioactive material from the stored
canisters.
A typical drywell is 0.4 to 0.7 m in diameter and
extends 6 to 8 m into the ground. The surrounding
soil serves to attenuate any emitted radiation and
to transfer the decay heat from the stored materials to the atmosphere. Orywells may be inserted
into the soil at an existing site, or an engineered berm may be built to ensure consistent soil
characteristics and alleviate water intrusion problems. The arrays of drywells are enclosed within
a secured fenced area to minimize accidental or
intentional public intrusion.
Concrete Cask
A concrete cask MRS facility utilizes large cylinders of reinforced concrete for the storage of
canisters of spent fuel or reprocessing wastes.
The facility consists of five principal components
in addition to the generic Receiving and Handling
facility:

1. Large reinforced concrete casks for storage of
the spent fuel and/or reprocessing waste, with
sufficient shielding to reduce the radiation
dose at the cask exterior to an acceptable
level, and with heat removal capability adequate to keep the temperatures of the stored
wastes at acceptable levels. Seals on the
cask cavity ensure containment of the stored
radioactive material.
2. An onsite transporter to carry the loaded
storage casks from the Receiving and Handling
facility to the storage area, and to return
the cask to the Receiving and Handling facility when retrieval is necessary.
3. A mobile crane to transfer the loaded cask
from the transporter to a storage pad, and to
transfer the cask from the pad back to the
transporter when retrieval is necessary.
4. A suitable foundation (storage pad) for
storage of arrays of casks.
5. A system for detecting releases of radioactive
material from the stored canisters.
A typical concrete cask is about 3 m in diameter
and fi m in height and weighs around 100 tonnes.
Heat from radioactive decay of the stored material

1. Large metal casks into which the spent fuel or
reprocessing wastes are placed for storage.
The cask has sufficient shielding (steel,
lead, water) to keep the radiation dose to the
exterior of the loaded cask at an acceptable
level, and it has heat transfer capabilities
adequate to keep the temperatures in the
stored wastes at acceptable levels. Multiple
seals ensure containment of the radioactive
materials and gases within the cask.

is conducted through the concrete and transferred
to the atmosphere by surface convection and thermal radiation. The reinforced concrete structure,
combined with the sealed waste canister, is designed to withstand credible man-caused and natural events. The storage arrays are enclosed
within a secured fenced area to rnin-imize accidental or intentional public intrusion.
Open Cycle Vault

2. An onsite transporter to carry the loaded
storage casks from the Receiving and Handling
facility to the storage area and to return
when retrieval is necessary. One suggested
design consists of a low trailer with multiple
axles and pneumatic-tired wheels, pulled by a
pneumatic-tired tractor.

An open cycle vault MRS facility utilizes a large,
shielded warehouse for storage of canisters of
spent fuel or reprocessing wastes. The facility
consists of four major components in addition to
the generic Receiving and Handling facility:
1. A large building with thick concrete shielding
to house the canisters of spent fuel or reprocessing wastes. The storage area can be above
or below ground level. The building will have
numerous large-volume ventilation stacks extending 6 to 15 m above the buildings.

3. A mobile straddle crane to remove the loaded
cask from the transporter, place it on the
storage pad, and transfer it from the pad to
the transporter for retrieval.
4. A suitable foundation (such as a reinforced
concrete pad) for storage of arrays of casks.

2. A crane or other mechanical transporter to
move the canistered spent fuel or reprocessing
waste into its storage location, and place any
additional covers that may be required over
the canisters. The canisters are placed vertically in storage tubes that keep them
rigidly positioned from 0.3 to 1 m apart.

5. A system for monitoring the integrity of the
cask seals and for detecting releases of
radioactive material.
A typical metal cask is about 2.5 m in diameter
and 5 m in height and weighs somewhat under 100
tonnes. Heat from the radioactive decay of the
stored material is conducted through the metal
cask wall and transferred to the atmosphere by
surface convection and thermal radiation.

3. A system of air ducts that direct and distribute outside air past the storage tubes for
cooling, with discharge of the air to the
atmosphere. The large volume of air flow
requires no blowers, but is induced by the
natural draft caused when the heat from the
waste containers is transferred to the air.

The casks are stored in a fenced, secured area to
minimize accidental or intentional public intrusion. Depending upon the climate at the site, the
storage area could be in the open or could be
enclosed within simple structures.

4. A system for monitoring the air in the interior of the storage tubes and the air flow
through the vault to detect any leakage of
radioactive material from the canisters.

Metal Cask (transportable)
In the open cycle vault concept, the barriers
design to prevent radioactive material releases to
the atmosphere are: 1) for spent fuel, the fuel
cladding, the steel canirter, and the storage
tube; and 2) for high-level waste, the highintegrity waste form itself (e.g., glass), the
steel canister, and the storage tube. Additional
overpack canisters can be used if desired. The
facility is contained within a secured, fenced
area to minimize accidental or intentional public
intrusion.

The transportable metal cask can be envisioned as
simply the stationary metal cask with the addition
of appropriate oveipacks and impact limiters as
required to license a fully loaded cask for transport. The cask is received at the MRS site on a
railcar and placed on a transporter (using a
straddle crane) for delivery to the storage pad.
Removal from storage is just the reverse of these
steps.
To obtain the maximum benefit from the use of the
transportable cask, it is necessary to consolidate
the spent fuel at the reactor site prior to
shipment. In this approach, the minimum number of
casks are required for storage, and the Receiving
and Handling facility at the MRS site is much
reduced in size and scope since it is needed only
for the decontamination and repair of the occasional leaking canister. If the fuel is not consolidated, twice as many casks would be required,

Metal Cask (stationary)
A metal cask MRS facility utilizes large metal
casks for the storage of canisters of spent fuel
or reprocessing wastes. The facility consists of
five principal components in addition to the
generic Receiving and Handling facility:
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rock and above the underground water table. This
facility consists of the same major components as
the field drywell.

thus doubling the cost of storage devices. In
essentially all other aspects, the transportable
cask concept is identical with the stationary cask
concept. (Note: The transportable metal cask was
evaluated in this study only for its potential
role in a centralized MRS. It was not evaluated
either as an at-reactor storage option or as providing supplemental storage in conjunction with
any other MRS concept).

The spent fuel or reprocessing waste is sealed in
canisters or overpacks and is placed in drywells
set in the floors of tunnels. The surrounding
rock is utilized to attenuate nuclear radiation
and to dissipate decay heat.

Concrete Cask-In-Trench

Tunnel Rack Vault

A variant of the concrete cask concept is the
cask-in-trench (CIT). In this concept, a cask
similar in configuration to the concrete cask is
placed in a burial trench (or berm) that is subsequently backfilled level with the top of the cask.
The CIT can be made with all the design variations
of the concrete cask.

The tunnel rack vault uses the same natural draft
cooling principle as the open cycle vault. The
construction of the facility would employ conventional tunneling equipment and techniques. The
facility consists of five principal components in
addition to the generic Receiving and Handling
facility:
1. Waste canister storage racks which are
unshielded and transportable.

Closed Cycle Vault
Closed cycle vaults are similar to open cycle
vaults in that both concepts typically provide
relatively large, shielded enclosures for storage,
and both rely on natural circulation of air to
remove the decay heat from the stored radioactive
material. Closed cycle vaults differ from open
cycle vaults in that decay heat is transferred
passively from the waste packages to the air by an
intermediate fluid so that there is no direct contact of the air with the waste packages.

2. Remotely-operated transfer machines for moving
the loaded storage racks from the hot cell to
the storage tunnels.
3. The storage tunnels which are accessed from a
main transfer tunnel. The tunnels must be in
a highly stable soil or rock mass. Preferred
orientation is with the Receiving and Handling
facility on the surface and the storage facility at the same elevation under a nearby hill.

A number of different closed cycle vault designs
have been developed for dry storage of spent fuel
and reprocessing wastes. The facility consists of
four principal components in addition to the generic Receiving and Handling facility:

4. Ventilation tunnels to provide air passages
for the natural convective cooling of the
stored material.
5. A system for continuous monitoring of air to
detect leakage of radioactive material from
the stored canisters, and a visual monitoring
system utilizing remotely controlled cameras.

1. Multiple concrete storage modules, each containing nine vertical silos for storage of
emplaced materials. Heat pipes in combination
with cooling passages in the concrete dissipate the heat passively to the air by natural
convection.

CONCEPT RANKING CRITERIA
Seven ranking criteria were chosen to provide a
basis for collecting technical data on the concepts and as dimensions along which concepts could
be compared. These criteria were chosen by considering those aspects of system performance that
were most important in meeting the MRS mission. A
group of MRS Program staff from PNL and DOE established the criteria by identifying the important
factors in the performance of an MRS facility.
These factors were combined to form seven criteria. Each criterion was defined by descriptors
which guided the data collection activity. The
seven ranking criteria (flexibility, concept
maturity, cost, environmental impact, safety/
licensing, sor.ioeconomic impact, and siting requirements) and their descriptors are displayed in
Table 1 and discussed below.

2. Large sealed containment canisters that can
accommodate multiple spent fuel or waste
canisters.
3. A canister transfer cask for transporting the
loaded storage canisters from the Receiving
and Handling facility to the silo loading
machine.
4. A silo loading machine that transports the
storage canister to the storage location,
inserts it into the storage module, and then
retrieves it when needed.
Tunnel Drywell
A tunnel drywell MRS facility utilizes underground
storage of spent fuel or reprocessing wastes in
dry, sealed containers located within a mined tunnel. It is assumed that the storage facilities
will be located in a near-surface tunnel in hard

Flexibility
The primary role of the. MRS system is to provide
backup storage in the event of delay in deployment
of geologic repositories. Consequently, neither
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TABLE 1. MRS Ranking Criteria and Descriptors

MRS system should have the flexibility needed to
accommodate changes in the waste acceptance rate,
storage capacity, and waste form.

flexibility
Site Adaptability
Expandability of Throughput
Rate and Capacity
Sensitivity to Waste Form
Heat Load Sensitivity
Recoverability of Capital Assets
Critical Resource Consumption

Additionally, an MRS facility should bo easily
adaptahle to a variety of sites to permit placement at locations that would result in relatively
low transportation costs to the nuclear waste
management system.
Two additional factors contribute to the flexibility of a concept, recoverability of capital assets
and critical resource consumption. Since the MRS
facility is intended as a temporary component of
tlie waste management system, it is desirable that
scarce or nonrenewable resources be recoverable
from the facility. In addition, concepts which
use such scarce materials as chromium, lead, or
nickel could be susceptible to disruptive material
shortages or price escalation.

Concept Maturity
Concept Development
R&D Requi rements
Conservatism Needed
Deployment Time
Storage Retrievability
Engineering Simplicity
Cost
Life Cycle Costs
Cost Sensitivity
Cost Estimating Confidence

Concept Maturity
Well-developed, demonstrated concepts should have
few, if any, research and development needs.
Because the mature concepts have some history of
performance, confidence in their ability to perform reliably is much higher. Hence, conservatism
necessary to compensate for uncertainties in system and component design can be significantly
reduced for the mature concepts. Since the MRS
system would function as backup storage in case of
delays in repository deployment, concepts are preferred that offer highest assurance of timely
deployment. Simple, well-developed concepts would
support this aspect of MRS concept selection.

Environmental Impact
Radioactivity Releases
Exclusion Area Size
Recoverability of Area
Safety/Licensing
Ease of Conformance with Licensing
Requi rements
Criticality Safety
Monitorability
Containment Integrity
Accident/Malfunction Recoverabilit.y
Design Testing
Penetrability and Security
Accountability
Previous Licensing

Cost
Total MRS system life cycle costs (construction,
operation, and decommissioning) should be minimized. Moreover, since there are uncertainties in
the required throughput rate, storage capacity,
and the waste forms to be stored, it is desirable
for total cost to be relatively insensitive to
changes in these operational requirements.

Socioeconoinic Impacts
Acceptability
Aesthetic Considerations
Labor Force Impact
Economic Impacts

Another important consideration is the level of
confidence that can be placed on cost estimates.
Confidence is higher for estimates made on welldeveloped, demonstrated concepts than for estimates made on concepts not yet demonstrated..
Further design activities would undoubtedly reduce
cost uncertainties and would likely result in some
changes in cost estimates.

Siting Requirements
Land Requirements
Geological Requirements
Hydrological Requirements
Resource Requirements
the timing nor the level of demand for MRS services can be accurately predicted. In addition,
other nuclear waste management decisions, such as
the startup of spent fuel reprocessing, could
alter MRS operational requirements. Reprocessing,
for example, would influence the types of waste
forms and package configurations to be handled.
Availability of storage capacity at reactors or at
reprocessing plants would influence the rate at
which waste must be placed in MRS. Ideally, the
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Environmental Impact
The concept must prevent unacceptable releases of
radioactive materials to the environment. In
addition, the environmental impact of a facility
depends upon the extent of modifications to the
site and upon the land area required by the
site. These two factors affect the ease of
returning the site to other uses once MRS
facilities are no longer required.

two activities were combined to form a composite
ranking which served to identify a group of highly
performing concepts. The advantages and disadvantages of these concepts were examined through
pairwise comparisons to identify the primary and
alternate concepts. Each of these activities is
elaborated upon below.

Safety/Licensing
All of the concepts have been judged to be capable
of safe operation and to be licensablej however,
there are differences related to experience, design complexity, and so on, which provide clearer
assurance of safety and which could facilitate the
licensing process. Relative performance OP this
criterion is influenced by the ease of demonstrating conformance with licensing requirements, assuring containment integrity, preclusion of criticality, monitoring and accounting for storage
units, recovering from accidents or malfunctions,
and maintaining security.

Assign Weights to Evaluation Criteria
The seven ranking criteria were not considered to
be of equal significance in selecting an MRS concept. To adequately incorporate these differences
in the evaluation process, numerical weights were
assigned to each criterion, corresponding to its
perceived relative importance in MRS concept
selection. These weights were derived from data
provided by the Criteria Weighting Committee
(CWC). The CWC consisted of six senior PNL staff
members, selected for their broad perspective on
nuclear waste management issues. They represented
a broad mixture of relevant technical and management backgrounds, including environmental, health
and safety, engineering and cost.

Socioeconomic Impacts
The acceptability of a given concept to the populace in the vicinity of the proposed site is influenced by public perceptions regarding, among
other things, the safety of the concept, the degree of perceived "permanence" of the installation, and the appearance of the installed
facility.
The likely impact of the facility on the regional
resources—such as transportation systems, power
and water needs, and the demands on the local
housing market, schools, and other local governmental services—are often negative factors in
public acceptance.

The committee members met several times to discus
the MRS mission and the evaluation criteria.
These discussions served to clarify the meaning of
the criteria and to highlight' differences among
the factors that made the criteria important in
selecting an MRS concept. On the basis of these
discussions, committee members individually
completed matrices of pairwise comparisons,
indicating the relative importance of the
criteria. These matrices were combined using a
systematic procedure, called the Analytic
Hierarchy Process (Saaty 1980), to develop the
criteria weights.

The impact on the local economy of the new payrolls during construction and operation and the
increase in the number of jobs available locally
a.re usually positive influences on the perceptions
of the local populace as to the desirability of a
given facility. Concepts involving large fluctuations in construction or operating work force
would have more adverse impact on the local economy than concepts resulting in steady employment
levels.

Although by design the Concept Ranking Committee
(CRC) did not have access to these numerical
weights during their deliberations, the CWC did
clarify the meaning and interpretation to be given
to the criteria and descriptors. These clarifications were communicated to the CRC to ensure
that both committees interpreted and applied the
criteria in a consistent manner.

Siting Requirements
An MRS facility requires good access to adequate
highway and rail transport, and an adequate supply
of water and electric power. Access to a good
supply of construction materials is also important. Concepts that use small land area, and that
are relatively independent of geologic characteristics (e.g., thermal, seismic, and soil or rock
chemistry) would he more desirable. Similarly,
concepts that exhibit a significant degree of independence from hydrologic characteristics (e.g.,
groundwater, precipitation, and flooding) would
also be preferred.

Rank Concepts Fcr Each Criterion
Using the normalized concept data, the Concept
Ranking Committee (CRC), which consisted of ten
PNL technical staff members knowledgeable in MRS
concepts, ranked the candidate concepts, from most
to least preferred, for each criterion. These
seven rankings were constructed on the basis of
the committee's judgement as to each concept's
relative performance on a criterion. Information
on the weights assigned to the criteria was not
provided to the CRC. The purpose of this step was
to examine the relative merits of the concepts in
a structured and systematic fashion, in order to
produce an ordinal ranking of the concepts for
each criterion and generate a clear and concise
rationale for each ranking. This rationale identified the most important factors in determining

CONCEPT RANKING PROCESS
The candidate MRS concepts were systematically
compared along the seven ranking criteria and
associated descriptors, using the normalized data
previously described. Separate committees
assigned weights to the criteria and ranked the
concepts for each criterion. The results of these
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very small performance differences. Differences
between groups of concepts having unequal rank
were more significant than differences within
groups.

the ranking for each criterion. In some cases
these factors consisted of particular descriptors
or subdescriptors, while in other cases factors
not directly mentioned in the descriptors (e.g.,
presence of tunnels or use of the ground for
radiation shielding) were identified as most
important in the ranking decisions.

The sensitivity of the composite ranking to variations in the criteria weights was examined. As a
result of this analysis, several concepts were
shown to be clearly less desirable as an MRS facility, i.e., these concepts ranked low over a wide
range of'assumed criteria weights. The remaining
top-ranked concepts were judged to have only minor
differences in their overall suitability as an MRS
facility. Consequently, the composite rankings
and associated sensitivity analysis served to
eliminate some concepts from further consideration.
Since the remaining concepts were judged nearly
equal in their overall desirability as an MRS
facility, the final recommendation of concepts
followed from a pairwise comparison of concepts.

The normalized concept data were grouped according
to the seven criteria to facilitate the comparison
of the concepts. Within these seven criteria were
a total of 35 descriptors, and within these descriptors were 85 subdescriptors. For each descriptor those concepts that were perceived to have
relative advantages or disadvantages were identified, and the basis for the judgement was recorded. After completing this activity for each
descriptor under a criterion and recording any
additional relevant comments, each member ranked
the concepts from most to least preferred. Members were free to use any method for obtaining
this order with the restriction that it be expressed from 1 to 9 with 1 being best. Ties among
the concept ranks were allowed.

Conduct Pairwise Comparisons
The top concepts did have differences in their
relative merits as an MRS facility. Each concept
had some advantages and disadvantages when compared with any other concept. The purpose of this
step was to identify clearly and discuss these
differences and to determine the relative significance of the tradeoffs among concepts. The comparisons were made by sequentially examining each
pair of top ranked concepts. Committee members
discussed in depth the significance of each tradeoff and selected the most preferred concept of
each pair. Then, on the basis of the discussions
and pairwise comparison results, the committee
developed a final preference ordering of concepts
and the associated rationale to document the
results. The primary and alternate concepts were
chosen as the first and second concepts, respectively, in this final preference ordering.

The members' worksheets were tabulated, and the
CRC met to eliminate differences in both the
interpretation of the descriptors and the understanding of the concept data. Differences were
allowed, however, in the relative importance of
the various descriptors and subdescriptors in
determining a ranking.
After repeating this process, the members' rankings were combined to yield a final ranking of
concepts for each criterion. These member rankings were combined using the Minimum Distance
Calculation (Cook and Seiford 1982). This calculation tended to assign equal rank to concepts
with roughly equivalent overall performance.
Concepts of equal rank usually differed to some
degree in performance on one or more aspects of a
criterion. Differences between concepts of equal
rank, however, were less significant than differences between concepts of unequal rank. The final
rankings for each criterion tended to indicate
significant differences between concepts. Each
committee member's ranking was given equal weight
in this calculation.
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FUNCTIONAL DESIGN CRITERIA FOR MONITORED RETRIEVABLE STORAGE
William D. Woods
Ralph M. Parsons Company
David S. Jackson
Pacific Northwest Laboratory
INTRODUCTION
To satisfy the requirements of the Nuclear Waste
Policy Act of 1982 (NWPA) and to ensure rapid
implementation if Congress authorizes MRS, the
Commercial Spent Fuel Management Program Office,
Richland Operations Office (DOE-RL), is proceeding
with development of advanced conceptual design of
an MRS Facility. This activity will consist of
designs of a primary storage concept at each of
three reference site types and conceptual designs
of an alternate storage concept at each of the same
sites. The facility designs will be developed to a
state that would permit initiation of definitive
design, with a 'ninimum of uncertainty, if Congress
authorizes construction of an MRS. The design
reports will support the proposal to Congress.
Selection of an Architect-Engine'er (A-E) firm to
prepare designs and perform special studies in support of the MRS Program was officially initiated
with an announcement in the May 31, 1983 issue of
Commerce Business Daily. The selection process
culminated with selection of Ralph M. Parsons
Company in association with Westinghouse Electric
Corporations Waste Technology Services Division and
Golder Associates. Selection of the primary and
alternate storage concepts and identification of
the characteristics of the three reference site
types are also proceeding.
FUNCTIONAL DESIGN CRITERIA
A Functional Design Criteria (FDC) document for the
MRS Facility has been prepared by Pacific Northwest
Laboratory (PNL) and approved by DOE. It defines
the project objectives and establishes minimum
requirements for a safe MRS Facility that can be
licensed, operated, maintained, and decommissioned.
The FDC document also provides the baseline from
which all subsequent phases of design will be
developed.

Facility must provide for the ready retrieval of
the spent fuel and wastes for further processing or
disposal. It roust be compatible with other nuclear
fuel cycle facilities and must be licensed by NRC.
The MRS Facility will be designed to include all
the facilities and equipment required to receive,
process, store, monitor, maintain, and retrieve
spent fuel assemblies and, when appropriate, canisters of solidified HLW and containers of remotely
handled transuranic waste (RHTRU). The MRS Facility will also be capable of receiving, storing,
monitoring, and retrieving contact-handled transuranic waste (CHTRU).
The base case MRS Facility will be capable of
receiving 1,800 MTU of spent fuel or the equivalent
in HLW and TRU per year, or any combination of fuel
and waste equivalent to 1,800 MTU/yr. It will have
a base storage capacity of 15,000 MTU of spent fuel
or equivalent HLW and TRU. In addition, it will be
designed to permit retrieval and shipment of 1,800
MTU/yr of spent fuel or equivalent HLW and TRU.
Receiving and shipping will not be concurrent. The
receiving and shipping capability will also be
expandable to 3,000 MTU/yr and the storage capacity
will be expandable in increments to a maximum capacity of 70,000 MTU.
Spent fuel assemblies are assumed to be received
intact and are disassembled, consolidated, and
sealed in canisters having essentially the same
outer dimensions as intact fuel assemblies. The
interiors of the canisters are back-filled with an
inert gas atmosphere before sealing. Use of inert
gas is predicated on data suggesting that long-term
storage in air may require limiting cladding temperatures to values difficult or costly to maintain
in storage if significant fuel degradation is to be
prevented.
The MRS Facility must meet the following technical
performance requirements:

The present mission of the MRS is to provide a
backup to a geologic repository. The MRS Facility
will be designed to safely store spent nuclear
fuel, high level radioactive waste (HLW) and
transuranic waste (TRU) in the event of unforeseen
delays in repository deployment. It must also be
designed to permit continual monitoring, management
and maintenance of the spent fuel and wastes for
the foreseeable future. In addition, the MRS
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•

Cooling shall be dry and passive.

•

50 year design lifetime (maintainable or
renewable to double lifetime).

•

Capable of receiving cask shipments by
both rail and truck.

• Capable of receiving casks weighing up
to 125 tons.

requirements of 10 CFR 72 (72.76) 1s design for
decommissioning. It requires provisions to facilitate decontamination of structures and equipment,
to minimize the quantities of radioactive wastes
and contaminated equipment, and to facilitate
removal of radioactive wastes and contaminated
equipment.

• Capable of handling fuel elements up to
16-feet 7-inches long with 9-inch square
cross sections. (The South Texas plant
of Houston Power and Light Company will
use PWR elements of this size. All
other BWR and PWR fuel elements are
shorter than this.)

Fuel, Waste, and Shipping Container Characteristics
Expected
rates of
that may
in Table
on these

• Capable of performing the following
operations on spent fuel prior to
placing iiv storage:

radiation intensities and heat generation
spent fuel and reprocessed waste packages
be received at the MRS Facility are shown
1. Design of the facility will be based
values.

- Examine and identify fuel.
- Place fuel assemblies in canisters,
. ...
backfill with inert gas, seal-weld and
decontaminate canisters.
- Disassemble fuel assemblies, consolidate fuel rods in canisters, fill
canisters with inert gas, seal-weld,
leak-test and decontaminate canisters.
- Overpack or repair defective
canisters.

\

To provide guidelines for design, reference
shipping systems for transporting the spent fuel
and the HLW and TRU between facilities have been
selected. Criteria used for selecting these
systems included the use of existing or nearexisting technology, licensability, and compatibility with reference canister sizes. The reference shipping systems are shown in Table 3.

- Compact fuel assembly hardware, place
in canisters, seal-weld and decontaminate canisters.
• Capable of maintaining stored, consolidated spent fuel surface cladding temperatures below 380°C in an inert gas
environment.

FACILITY DESIGN

• Capable of handling canisters of HLW,
compacted fuel hulls and RHTRU, 14-feet
long and from O.b to 2-feet in diameter
and weighing as much as 11,000 pounds.
•

Capable of receiving, identifying,
decontaminating and leak-testing
canisters of HLW and overpacking
defective canisters.

•

Capable of maintaining stored HLW
container surface temperature below
375°C when stored in air. •

Parsons is performing the facilities design under
the technical direction of PNL and by management of
DOE-RL.
The MRS Facility will be designed as an independent
installation, complete with its own supporting
facilities. It will be connected to and served by
public highways and roads, railroad, and electrical
and telephone utilities. It will be of modular
design to permit incremental changes in throughput
and storage capacity. Throughput requirements are
based on 3 shifts per day, 7 days per week, yearround operation with an 80% operating efficiency.

• Capable of receiving, inspecting,
iaentifying, overpacking, decontaminating and storing containers of
TRU.
•

Capable of retrieval of stored
wastes.

•

Capable of monitoring and/or inspecting
both the stored waste and the storage
system to ensure the safety of the
public, operating personnel, the
environment and the facility.

The reference fuel assembly and waste package sizes
and weights are shown in Table 2. Dimensional PWR
fuel assembly data are based on the Westinghouse
reactor design, and BWR data are based on the
General Electric BWR/6 design. A range of fuel
assembly heights are given in Table 3, which
encompasses all PWR and BWR assemblies except for
the 16-foot 7-inch South Texas fuel. No cask
currently exists for shipping the intact South
Texas fuel assemblies.

It is being designed for licensing by the Nuclear
Regulatory Commission (NRC) under the appropriate
parts of Title 10, Code of Federal Regulations
(10 CFR). Principal among these is Part 72 which
deals specifically with storage of spent nuclear
fuel and other radioactive materials in facilities
independent of reactors. Licensing criteria listed
in 10 CFR 72 do not specifically include storage of
HLW and TRU. At this time, however, for lack of an
approved licensing requirements document, it is
assumed that the physical storage facility requirements for HLW and TRU will be similar to those for
spent fuel.

• Capable of being decommissioned.
The MRS Facility must be licensed (presumably under
10 CFR 72 or a similar regulation). One of the
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If dictated by new approved licensing criteria, the
Functional Design Criteria will be revised to conform to any new requirements. In the meantime, for

Table 1 Heat generation and radiation intensity of packages to be received at an MRS Facility
Package
PWR Assembly*1)
Consolidated PWR (2:1)
BWR Assembly*2'
HLW Canister ...
(I1 d x 10' 1 ) ( 4 )
HLW Canister ...
(21 d x 14' I ) * 4 '
Hulls Canister*5)
Hardware Canister*6)
(1)
(2)
(3)
(4)
(5)
(6)
Table 2

Gamma Surface Neutron Emission
Dose Rate, R/hr
Rate , n/sec
4
2 x 10 8
2 x 10
4 x 10 8
4 x 10 4
NA
NA

Heat Generation
Watts
550
1,100
175

1 x 10 5

5 x 10 8

2,200

5 x 10 5
1 x 10 3
3 x 10 4

3 x 10 9
5 x 10 6

12,320

0.462 MT i n i t i a l U; 35,000 MWD/MTU; discharged 10 years.
0.186 MT i n i t i a l U; 25,000 MWD/MTU; discharged 10 years.
2.28 MT i n i t i a l U processed (60% PWR - 40% BWR); discharged 10 years.
12.77 MT i n i t i a l U processed (60% Pkt - 40% BWR); discharged 10 years.
Hulls from 4.4 MTU, 0.5% loss; discharged 5 years.
Hardware from 10.7 MTU; discharged 5 years.

Reference fuel and waste package sizes and weights to be received at an MRS F a c i l i t y
Fuel Cycle
Material

Dimensions (ft-in.)

Volume
(ft3)

Max. Expected
Weight
Loaded (lbs)

7.0 - 8.5
3.5 - 3.7
.,8
44

1,450
625
2,310
9,000

44
9

11,000
1,400

9
11
144

1,400
2,000
10,000

Spent Fuel

PWR Assembly
BWR Assembly
Solidified High-Level
Waste Canister
RHTRU Wastes
Hulls Canister
210 1 (55-9al) drum
CHTRU Wastes
210 1 (55-gal) drum
3J3 1 (80-gal) drum
Metal Box

9" sq x 12'-6" to 14'-9"
6" sq x 14'-1" to 14'-9"
I'd x 10'
2'd x 14'
2'd x 14'
2'd x 3'
2'd x 3'
2'-6"d x 2'-8"
4' x 6' x 6"

initiation of conceptual and advanced conceptual
design, 10 CFR 72 is available as a guide.

systems vital to their safe shutdown integrity
(Category I facilities).

Codes, standards and specifications listed in ths
FDC are those that would apply to a nuclear facility such as the MRS Facility. They are based on
the requirements described in DOE 6430 "General
Design Criteria Manual;" and on those described in
DOE 5480.1A "Environmental Protection, Safety and
Health Protection for DOE Operations."

Category I facilities (see NRC Regulatory Guide
1.29) include structures, systems and equipment
whose failure might cause or increase the severity
of a release of significant quantities of radioactive material to the site or to the environs.
Included in this category are those components and
equipment vital to the safe shutdown of the facilities. Category I facilities are to withstand the
effects of extreme environmental loads, including
the safe shutdown earthquake (SSE) and a design
basis tornado (DBT), and will be designed to preclude nuclear criticality events. These facilities
are designed to last 50 years renewable to
100 years.

Facilities, systems and structures will range from
ordinary utilitarian types, such as office buildings and shops, to those which must remain functional during and after credible natural phenomena
or accidents. The latter will include facilities
such as cask unloading areas, shielded hot cells,
spent fuel and waste storage facilities, and
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Table 3 Reference shipping systems
Material
Spent Fuel
Hiyh-Ievel
wastes
RHTRU special
canister
RHTRU drums
<5 R/hr
RHTRU drums
>b R/hr
CHTRU wastes

Shipping
Mode
Truck
Rail
Truck
Rail
Truck

Shipping
Container
NLI-1/2
IF-300
NLI-1/2
IF-300
HLW-R^ 1 )
CNS 14-170(2)
CNS 14-170(2)
CNS 7-100( 2 '
CNS 7-100(2>
TRUPACT
TRUPACT

Truck
Ra11<3>
Truck
frucfc
^''(4)

(1)
(2)
(3)
(4)

Assemblies/Canisters
Per Shipment
1 PWR or 2 BWR
7 PWR or 18 BWR
1 canister
b canisters
1 canister
5 canisters
14 drums
42 drums
7 drums
21 drums
36 drums or 3 boxes
72 drums or 6 boxes

Not yet built.
Only tor use for low specific activity material.
Assumes three shipping containers transported per railcar.
Assumes two truck TRUPACT versions are transported per railcar.

The design basis earthquake for MRS Category I
facilities is equivalent to the safe shutdown
earthquake for a nuclear power plant. The MRS
Facility will not be located in an earthquake zone
any worse than Zone 2.
The design basis tornado is postulated to have a
rotational speed of 290 miles per hour, a
translational speed ranging from 5 to 70 mph, and a
maximum pressure drop of 3 psi in 1.5 seconds. It
will also involve tornado-generated missiles
described in DOE 6430, Chapter XXI. The tornado
requirements are those for Region 1, as described
in DOE-6430, Chapter XXI, Attachment XXi-2.
Non-Category I structures, systems, and equipment
arc those necessary for normal operation of the MRS
Facility, but whose failure will not result in
unacceptable releases of radioactive material.
Earthquake loads will be calculated and designs
performed in accordance with the Uniform Building
Code (UBC), for earthquake Zone 2. These facilities are designed to last for 30 years.
The MRS Facility will be designed to receive shipments by rail and truck and will be capable of
receiving, unloading, loading and shipping all
standard rail and truck fuel and HLW shipping
casks.

Although DOE-Utility contracts (10 CFR 961) require
acceptance of "standard" fuel aged as little as
5 years, and "nonstandard" or "failed" fuel, which
could be even younger, recent analyses indicate
that in practice an MRS Facility will not normally
receive fuel aged less than 10 years except in
small quantities under special circumstances.
Therefore, the required throughput rates are based
on 35,000 MWD/MTU fuel and HLW that has been outof-reactor for 10 years. The MRS Facility design
will also permit routine processing of 5 year outof-reactor "standard fuel", albeit less conveniently than 10 year old fuel. It will also be
designed to permit infrequent, special processing
of ."nonstandard" and/or "failed" fuel assemblies as
young as 1 year out-of-reactor.
The MRS Facility will also be capable of receiving,
storing and shipping contact handled transuranic
waste (CHTRU) having surface radiation dose rates
less than 200 mrem/hr. The annual receiving and
handling requirements for CHTRU are based on annual
TRU waste quantities anticipated from a
1,500-MTU/yr reprocessing plant and a 300-MTHM/yr
MOX plant. The design will assume that TRU
received at the MRS Facility will normally be
noncombustible.
Fuel and waste storage facilities will be designed
to passively dissipate the heat generated by spent
fuel and/or equivalent HLW and TRU wastes that have
been discharged from a reactor for 10 years under
normal conditions. Special capability will be
provided to permit storage of fuel out-of-reactor
1 year.

It will be designed to accept spent fuel fully
assembled or disassembled and consolidated in
canisters. Fully assembled fuel will be either
sealed in canisters or disassembled and consolidated in canisters of approximately the same cross
section as a PWR assembly. Non fuel-bearing components of the assemblies will be compacted and
placed in similar canisters.

The storage facilities will be designed to contain
radioactive material within the storage package
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during the entire storage period and will have a
monitoring system capable of detecting releases of
radioactive material in excess of 1/10 of 10 CFR 20
Appendix B, Table II. They will be designed to
permit retrieval of all canisters of waste at any
time for examination, repair or shipment offsite.
Provisions will be included to account for the
quantity, type and history of the material stored
in the facility for receipt and inventory
verification.
Security, surveillance, and physical protection
will be provided for the facility, including the
designation of vital areas, in accordance with
federal regulations.
The facility will be designed and constructed to
protect operating personnel and the public from the
radiation emitted from stored materials, and from
release of radioactive particulate material and
gases that would cause exposure of operating personnel and the public (as measured at the security
fence) to doses in excess of those defined in
10 CFR 20, and 10 CFR 72 and other applicable
Federal Regulations. It will also be constructed
to maintain radiation exposure of operating
personnel as low as reasonably achievable (ALARA).
Spent Fuel, HLW, and RHTRU Receiviny and Handling
The Receiving and Handling (R&H) Facility is the
primary operating building of the MRS Facility. It
will be designed to physically contain and control
all radioactive materials being handled or generated by process operations. It will include spaces
and equipment for remote receiving, consolidating,
and packaginy spent fuel; and compacting, packaging, and handling spent fuel hardware. The same
spaces and equipment will also be designed to
receive and handle canisters of HLW and RHTRU, and
to ship stored material from the MRS Facility. It
will include mechanized and automated remote handling equipment to permit rapid and economic handling of wastes. The MRS Facility operations are
predicated on spent fuel, HLW and RHTRU arriving in
a dry-yaseous environment and shipping casks being
unloaded in air.
The remote handling area of the MRS Facility consists of three sub areas: a cask handling area,
shielded hot cells, and a transfer/discharge area.
Each area is discussed below.
The cask handling area will be compartmentalized.
The compartments will include a covered washdown
area, a cask receiving and preparation area, and
two cask unloading rooms, located sequentially
along rail tracks that penetrate the building. To
accommodate the required throughput of the facility
and to increase reliability and flexibility, two
parallel rail/truck access aisleways will be provided. Access to each of two hot cells from the
cask unloading rooms will be provided by access
ports over each aisleway.
Two complete shielded hot cells will be provided.
Each will be served by twc access ports, one from
each of the cask unloading rooms. Each cell will
include a central handling area with a processing

station to handle intact-fuel assemblies at one end
and a consolidation station at the other end.
Where appropriate, facilities will be provided for
processing of canisters containing HLW, RHTRU, consolidated fuel rods and compacted fuel assembly
hardware. The consolidation station will Include
facilities for disassembly of intact fuel assemblies (including canistered fuel), consolidation
and encapsulation of fuel rods, compaction and
encapsulation of fuel assembly hardware, and
inspection and testing of packaged wastes ready for
storage. If desired (i.e., nonstandard fuel case)
the consolidation step may be bypassed. Lag storage will be provided at each of the four work
stations.
A crane and manipulator maintenance gallery will be
provided in each shielded process cell. The maintenance galleries will be designed to permit dismantling, removal, decontamination and transfer of
in-cell equipment to the service gallery for further disposition. Handling equipment will be provided in each of the shielded cells for performing
all prescribed operations including in-cell equipment maintenance or removal.
Each shielded cell will have a discharge-port opening into a transfer corridor. Fuel and waste canisters will be discharged from the shielded cells
via these discharge ports for transfer to the storage facilities.
Spent Fuel, HLW and RHTRU Storage Facilities
The DOE is currently selecting the primary and
alternate spent fuel, HLW and RHTRU storage concepts. These storage facilities will be designed
to safely receive, emplace, store, and monitor
spent fuel and waste canisters at the previously
specified rates. They will be designed to protect
spent fuel and waste from natural and man-induced
events (except war), controlling damage to
acceptable/recoverable levels, and containing and
controlling radioactive materials. Each storage
system will be designed to preclude failure from
corrosion for 100 years, and to contain all fuel
and waste form degradation products within acceptable release limits for that length of time. The
design will preclude any criticality incident. It
will also provide sufficient radiation shielding
and isolation to comply with the requirements set
forth in iO CFR 20. The storage facilities will be
designed to assure that the fuel cladding surface
and waste canister surface temperatures remain
below 380°C in inert atmosphere and 375°C in air,
respectively, under normal storage conditions. All
heat transfer features will be passive and dry.
Systems will be provided to monitor:
•

loss of fuel or waste canister integrity

•

loss of storage system containment
integrity

• degradation of storage system radiation
shielding.
In addition, a sufficient number of selected storage receptacles will be equipped with inner and/or ,

decontamination of structures and equipment, and to
minimize the quantity of radioactive wastes and
contaminated equipment resulting from decommissioning. It will also be designed to facilitate the
removal of radioactive wastes and contaminated
materials at the time of permanent decommissioning.

outer heat sensors to statistically monitor for
overheating of fuel or waste.
CHTRU Receiving, Processing and Storage
All CHTRU containers will be received by rail or
truck at separate CHTRU facilities. Containers
will be washed down and then moved through an
airlock into a drum unloading area where the drums
are unloaded, identified and inspected for damage,
radiation level and contamination. If damaged they
will be overpacked into a larger drum. If
undamaged but contaminated they will be decontaminated or overpacked. Processed drums will then
be labeled and transferred to the CHTRU storage
facility. Larger packages of CHTRU will be cycled
through the inspection, cleaning and repair area,
labeled, and loaded onto a vehicle for transportation to the CHTRU storage facility.

Quality Assurance
A quality assurance program will be established in
accordance with the requirements of 10 CFR 72.80.
MRS Facility quality assurance plans will be prepared to conform with the requirements of ANSI/ASME
NQA-1, as interpreted by the mosL applicable NRC
Regulatory Guides.
SUMMARY
An MRS Facility is being designed to provide a
viable option for storing commercial spent fuel,
HLW, RHTRU and CHTRU in the event of delays in
deployment of a geologic repository. It is being
designed to permit safe receipt, processing, storage, monitoring and retrieval of all reasonable
forms of spent fuel, HLW, RHTRU and CHTRU that
might result from commercial nuclear activities.
To satisfy the requirements of the NWPA, advanced
conceptual designs will be prepared for the primary
storage concept at each of three reference sites,
and conceptual designs will be prepared for an
alternative storage concept at each of the same
sites.

The storage facility will provide for safe storage
of metal containers filled with CHTRU. It will be
designed to protect the waste containers from the
weather, the design base tornado, and earthquakes.
The design will include equipment to permit mechanized and automated storing and retrieving of waste
containers and to permit ready inventorying for
accountability.
Site
Site criteria are being developed for three reference site types. All sites will be in seismic risk
Zone 2 or less and will be located within 10 miles
of adequate highway, railroad, electric power, and
telephone facilities and services.

Design was initiated in December 1983. Under the
direction of PNL, Parsons is preparing advanced
conceptual designs for the designated primary
storage concept at each of three reference site
tyiges and conceptual designs of the alternate
storage concept at each of the same sites. Parsons
will also prepare design-related reports and
studies, and conduct other MRS Program related
surveys and studies as requested. The design
activities will include preparation of drawings;
outline specifications; work breakdown structures
(WBS); cost estimates; and time-phased logic
network schedules for design, construction,
decontamination and decommissioning.

Security, Safeguards and Accountability
The design basis threat for the MRS Facility is
from sabotage and the potential resultant dispersion of radioactivity to the environment. The high
radiation levels and sophisticated techniques
required for chemical separation preclude theft as
a credible threat. Design of the facilities and
safeguards and security systems will conform to the
requirements of 10 CFR 73.

Formal design reviews are scheduled at the 30 percent, 70 percent and final comment stages in May
1984, September 1984, and January 1985
respectively. The resultant design reports
including drawings, outline specifications,
schedules and cost estimates will be completed in
time to accompany the proposal to Congress by
June 1, 1985 for construction of one or more MRS
facilities.

All spent fuel, HLW, RHTRU and CHTRU containers
will be identified, quantified, labeled and entered
into a special materials accountability system.
Periodic accountability checks will be performed to
assure the presence of special material. All special materials removed from the MRS site will also
be accounted for.
Decommissioning
The MRS Facility will be designed for decommissioning. Provisions will be made to facilitate
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LICENSING CONSIDERATIONS FOR MONITORED RETRIEVABLE STORAGE
Homer Lowerberg and Lei and C. Rouse
Division of Fuel Cycle and Material Safety
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D. C.
INTRODUCTION
The Nuclear Regulatory Commission (NRC) has initiated
efforts to develop a licensing framework for longterm monitored retrievable storage of spent fuel
and solidified high-level waste by the Department
of Energy (DOE). The technical- requirements for
such storage do not appear to be substantially
different from established criteria for intarim
storage of spent fuel. Accordingly, the approach
being taken to develop a timely regulatory basis
for possible construction and operation of monitored
retrievable storage facilities is through modification of an existing regulation for interim spent
fuel storage.
BACKGROUND
In 1975, the NRC initiated an analysis of alternatives for the handling and storage of spent
fuel
from light water power reactors (LWR).1 This
effort was prompted by a recognition that plans for
the reprocessing of spent fuel and the disposal of
resultant high-level wastes were not proceeding on
a schedule that would be compatible with the
projected build-up of spent fuel inventories.
This spent fuel storage issue was magnified when, in
early 1977, President Carter stated that the
United States should defer domestic reprocessing
and plutonium recycle in search2 of solutions to
proliferation of nuclear arms. Based upon the
Presidential initiative, in late 1977, the NRC
terminated its generic proceedings on the wide-scale
use of mixed oxide fuel in LWR'S (GESMO) as well as
licensing actions on pending applications for
reprocessing and fuel recycle.3
These actions were factored into the NRC's analysis
of the alternatives for the handling and storage of
spent LWR fuel with publication of its Final
Generic Environmental Impact Statement on this
issue in August of 1979.* This impact statement
found that the storage of spent LWR fuels in water
pools, either at reactors or at away-from-reactor
sites, would be required on an increasing basis in
the 1980's and 1990's, but could be accomplished
without significant impacts on the environment.
In addition, the statement concluded that dry
storage methods for spent fuel appeared equally
feasible and environmentally acceptable.

As recommended by the impact statement, the NRC
developed a regulation to provide a more definitive
basis for the licensing of this spent fuel storage
outside of operating reactor basins.5 In 1980,
the NRC promulgated its regulation 10 CFR Part 72,
"Licensing Requirements for the Storage of Spent
Fuel in an Independent Spent Fuel Storage Installation.
The regulation covers wet or dry storage modes for
spent fuel at reactor sites (outside existing
reactor basins) or at separate sites. In addition,
NRC has developed regulatory guidance on such
facilities in the areas of
format and content of8
safety analysis reports;6*' water basin
design;
9
preparation of license applications;
and appli10
cability of existing guides.
The enactment of the Nuclear Waste Policy Act
of 1982 (NWPA)'' provided new perspectives on
interim spent fuel storage and also introduced the
possibility of long-term monitored retrievable
storage (MRS) of spent fuel and high-level waste by
the Federal government. In the case of interim
storage, the Congress found that the owners of
nuclear power reactors should have the primary
responsibility for the interim storage of spent
fuel by making use of existing storage and adding
onsite capacity as required. Limited Federal
storage (not more than 1900 metric tons) is to be
provided by DOE only if the owners cannot provide
sufficient storage to maintain orderly reactor
operation. In addition, DOE and NRC have the
role of encouraging and expediting the use of
existing storage capabilities and any necessary
additional storage capacity at reactor sites."
With regard to long-term storage of spent fuel and
high-level waste, the Congress found that MRS
facilities are an option for providing safe and
reliable management of such materials. Accordingly,
the NWPA directs DOE to proceed with the development
of a proposal for construction of one or more
MRS facilities for consideration by Congress. The
proposal is to be submitted by June 1, 1985. If
Congress should subsequently authorize construction
of an MRS, the
NWPA requires the MRS to be licensed
by the NRC. 13

The NRC staff has Initiated efforts on modifications
of 10 CFR Part 72 to make it adequately suitable as
a licensing base consistent with the requirements
Under the NNPA, the Commission's regulation 10 CFR
of NWPA. Early Interaction with DOE on development
Part 7? continues to be applicable for the licensing
of concepts for the MRS proposal has provided
of interim storage of spent fuel outside reactor
useful Input for the NRC staff with regard to the
basins. The term of the licenses is 20 years with
licensing aspects of an MRS. We would welcome
provisions for renewal."
However, the MRS
comments from other sources concerning interim or
provisions of the NWPA would provide for long-term
long term storage provisions as we proceed with our
storage of solidified high-level radioactive waste
or spent nuclear fuel. At this time, the Commission's effort. The proposed revision, of course, will be
published for public comment. NRC's objectives are
regulatory base does not specifically address the
to develop a 'regulation that is sufficiently
storage of high-level radioactive wastes. Further,
flexible that it can meet both the Interim storage
the NWPA provides for storage for, "as long as may
and MRS provisions of NWPA.
be necessary,"15 "....including any required facility
replacement."
The present plan is directed to provide a proposed
rule by mid-summer of 1984. Thus, DOE and its
Clearly, the Commission did not have such concepts
contractors will be able to make use of the proposed
in mind when it promulgated the extant 10 CFR Part
rule for about a year in the development of its
72. However, the staff believes that the technical
proposal on the16 MRS, which is due to the Congress
criteria of this regulation are applicable to the
by June 1985.
This use of the proposed rule
licensing of an MRS. Further, in view of the
for the MRS will benefit both DOE and NRC. For
limited need to license MRS facilities (one to two
DOE, it will provide the most current NRC approach
installations), the staff believes that suitable
to the licensing of an MRS. In addition, it will
modifications can be made to the existing regulation
provide a unique opportunity for NRC to consider
to preclude the need to embark on the development
this new proposed regulatory base in the context of
of an entirely new part to its regulations.
the DOE proposal and to factor this valuable
experience into the development of the final
rule.
The NRC staff has developed a plan to modify
Part 72 of its regulations to be applicable
for the licensing of an MRS operation as well as
Promulgation of a final rule is projected for
interim spent fuel storage. The staff's approach to
the summer of 1985, about the same time that
accomplish this objective is to include all the
DOE is required to submit its MRS proposal to the
general provisions, records and Inspection requireCongress. In this way, it will be available for
ments, siting factors, general design criteria,
use by DOE and its contractors at any time that
quality assurance, physical protection, and operator
Congress decides to authorize the construction of
training in a generalized body of the regulation
an MRS facility.
that will be applicable to any spent fuel or highlevel waste storage installation outside of the
The NRC's intention is to proceed in an efficient
reactor facilities. This portion will be augmented
and coordinated manner to develop and promulgate an
by appendices for each type of storage facility to
adequate regulatory base for the MRS that will be
include those provisions that are considered
timely in accordance with the provisions of the
specific requirements for either interim storage or
NWPA.
MRS operations. In addition, changes to Part 72
that appear appropriate in view of experience with
use of the rule since its promulgation will
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storage conditions for zircaloy-clad fuel are indicated. Approximately 15,000 rods with zirconium
alloy cladding have resided in dry storage demonstrations in inert cover gases. Some 5,600 of
these rods have been monitored during the demonstrations at maximum temperatures from 50 to
430°C, with no evidence that cladding failures have
occurred. One rod failed in a PWR assembly during
a test in air at 27O°C.

INTRODUCTION

Over the next two decades, dry storage is expected
to evolve to a major position in U.S. spent fuel
management. This paper summarizes the breadth of
world-wide dry storage experience, and forecasts
the expected use of dry storage in the USA.
WORLD STATUS OF DRY STORAGE TECHNOLOGY
Wet storage has been the major interim fuel management technology. Table 1 summarizes spent fuel
inventories in U.S. storage pools. However, dry
handling and storage of irradiated fuel is neither
recent nor trivial. Figure 1 summarizes the history of dry handling and storage of irradiated
fuel. Irradiated fuel has been examined and stored
in hot cells under dry conditions almost from the
beginning of nuclear reactor technology (mid
1940s). Over 4,000 fuel assemblies have been
shipped under dry conditions, including some
shipments requiring up to 3.7 months, at estimated
cladding temperatures up to 380°C. In the mid
1960s, dry concepts began to emerge as a method for
extended storage of significant quantities of
irradiated fuel (spent fuel). Over the last
decade, dry storage has developed to licensed
status for several fuel types in at least six countries. Thus, there is a substantial experience
base for licensing dry storage of spent fuel in the
USA.
Four dry storage concepts have developed: metal
casks, drywells, concrete silos, and vaults. All
four concepts have been licensed outside the USA.
However, dry storage demonstrations have been conducted in the USA in drywells, silos and vaults;
and metal cask demonstrations are in advanced
stages of planning for several sites in the USA.
Laboratory and hot cell tests supporting dry storage have been conducted in several countries,
including the USA. The following sections summarize the scope of dry storage demonstrations and
tests, emphasizing activities directed to water
reactor fuel.

Dry Storage Hot Cell and Laboratory Tests
Table 4 summarizes hot cell and laboratory tests on
irradiated water reactor fuel rods. No rods have
failed in tests at temperatures from 50 to 570 u C.
FUTURE NEEDS FOR DRY STORAGE
As pool capacity is exhausted, alternate storage
methods must be available. The requirements for
additional spent fuel storage are periodically
monitored, and updated information is disseminated
to DOE programs to aid in planning. The latest
study (Spent Fuel Storage Requirements, DOE/RL-831, updated to December 31, 1982) indicates that
some commercial power reactors will require
additional storage capacity to avoid using full
core reserve (FCR) storage capacity as early as
October 1984 (Table 5 ) . By 1998, the required
additional storage will approach 9000 MTU. These
requirements represent utility estimates at the
time when their reactors will exhaust all available
(licensed) storage methods. If alternate storage
concepts are not found, these reactors will be
forced to encroach on FCR or shutdown (encroachment
on FCR can postpone the additional storage nneds
for about three years, but could result in severe
economic penalties.)
Additional storage needs have been and will be
accommodated by reracking with more closely packed
arrays at some pools, or by transshipping the spent
fuel to another reactor belonging to the same
utility. Rod consolidation offers another, yet
unlicensed, storage expansion concept. Utility
actions are in advanced stages to license rod
consolidation. However, reracking and rod consolidation concepts are not feasible at all reactors
due to structural constraints on pool loadings.
Transshipments appear to be practical only for

Dry Storage Demonstrations
Table 2 summarizes world-wide dry storage demonstrations involving water reactor fuel. Table 3
summarizes experience with other fuel types. The
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u t i l i t i e s owning more than one reactor, and where
no shipping impediments are encountered.
In the USA, dry storage has three potential
applications:

• interim storage,
• monitored retrievable storage (MRS), and
• geologic repositories.
Interim Storage
Several utilities will require additional storage
capacity (beyond their present capabilities) before
an MRS facility or a geologic repository is available near the turn of the century (Table 5 ) . Dry
storage offers an alternative for reactors that
cannot use pool expansion concepts or transshipment. The potential for dry storage to relieve
near-term storage problems is evident from recent
activities by two U.S. utilities.
At the current discharge schedule, Virginia
Electric & Power Company's (VEPCO) Surry reactors
will lose FCR capability in October, 1984. VEPCO
is currently negotiating a cooperative agreement
with the DOE to demonstrate cask dry storage. This
demonstration includes storing spent fuel under
conservative conditions at the Surry reactor site
and at conditions near the design limits for the
storage systems at a federal site. Once removed
from the pool, the amount of spent fuel proposed
for use in these demonstrations will postpone FCR
encroachment until 1989. The basis for licensing
of dry storage in the USA is expected to be established before that time.
Carolina Power & Light Company (CP&L) has also
proposed to demonstrate dry storage using a
modified vault concept. Although CP&L's reactors
do not encounter storage problems until 1987, this
demonstration is expected to provide a basis for
the NRC to license this concept so that CP&L can
expand it to solve their interim storage needs.
Dry storage can be implemented on a modular basis
that offers the economic advantage to add storage
in small increments as needed, thereby avoiding
large initial utility capital outlays. This aspect
of dry storage is key in its selection as a potential candidate for Federal Interim Storage (FIS),
if needed. When licensed, dry storage will probably become the preferred method for expanding
interim storage capability.
Monitored Retrievable Storage (MRS)
The NWPA identifies MRS as a potential element of
the waste management system. An MRS system could
provide the government with the capability to begin
accepting spent fuel and high-level wastes for disposal in 1998 as required, if the development of
repositories is delayed. Dry storage is the principal feature of the MRS concept. It offers advantages of passive cooling, modular additions, and
low maintenance. The Department of Energy is currently preparing a proposal for the development of
MRS facilities which will be submitted to Congress
on June 1, 1985.
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Dry storage concepts for MRS largely parallel interim storage technology at reactor sites. Since
the MRS is also interim, pending the availability
of a geologic repository, the volume and duration
of storage required remain to be defined. When a
geologic repository becomes available, spent fuel
and high-level waste will be removed from MRS and
transported to the repository. The MRS storage
concept must be compatible with the repository
design (and visa versa) due primarily to economic
considerations. Consequently, the flexibility for
deployment and the capability for easily retrieving
the wastes and decommissioning the facilities are
key considerations.
Geologic Repositories
Under current concepts for geologic repositories,
spent fuel would be packaged in canisters under dry
conditions. The base case calls for the fuel to be
consolidated prior to insertion into the canisters.
If interim storage concepts (especially MRS) are
also dry, the long lead-time experience in handling, packaging, and integrity verification will
be of great value when repository technology is
implemented. By 1998, over 50,000 MTU of spent
fuel (Table 6) will be in inventory, either at the
reactor sites or Federal Interim Storage (up to
1900 MTU of commercial power reactor spent fuel can
be stored by the government upon determination of a
need by the NRC).
SUMMARY AND CONCLUSIONS
1. Dry storage is emerging as an important
alternative to wet storage for spent fuel
management. Dry storage is important in the
USA because several utilities will fully
utilize available wet storage capacities in
the next few years. Expanding wet storage
capacities to meet all near-term storage needs
does not appear feasible. Only a small fraction of total near-term U.S. utility storage
needs is expected to be met with dry storage.
2. In the longer term, dry storage has been
selected for Monitored Retrievable Storage
(MRS) if the deployment of an MRS system is
authorized by Congress. Also, storage of
consolidated fuel inside dry canisters is the
base case for geologic disposal of spent
fuel. Consequently, dry storage concepts
offer the greatest potential for integrating
all industry storage needs, from reactor site,
through transportation and MRS, to final
disposal.
3. There is a considerable existing experience
base for dry handling and storage of spent
fuel. Spent fuel has been handled and
examined dry in hot cells since the early days
of reactor technology. Vaults and drywells
have been in service since 1964. Zircaloyclad fuel has been stored in drywells, metal
casks, silos, and vaults, at maximumu cladding
storage temperatures from 50 to 430 C. Hot
cell tests have been conducted on full-sized
irradiated fuel rods at temperatures up to
570°C. Several thousand Zircaloy-clad fuel
assemblies have been shipped dry at estimated

c l a d d i n g temperatures up t o 380°C and shipping
times up t o 3.7 months. No f u e l rods t e s t e d
or stored i n i n e r t cover gases have f a i l e d .
Dry storage of Z i r c a l o y - c l a d f u e l already has
been licensed i n several c o u n t r i e s . The
e x i s t i n g data base appears to j u s t i f y licensing of dry storage of LWR fuel in the USA.
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Table 1 . Disposition of U.S. Spent Fuel Inventories^'
Number of Assemblies
BWR
PWR
Total

Status of Fuel

Metric Tons Uranium
BWR
HWR
Total

19 ,434

11 ,826

31,260

3,617

4,990

8,507

In Storage at Morris, IL

753

459

1,212

141.6

177.3

318.9

In Storage tit West V?lley, NY

515

235

750

75,1

93.4

168.5

1 ,140

537

1,677

115.4

112.2

227.6

15

28

43

1.8

12.2

14.0

13 ,085

34,942

3,851

5,385

9,236

In Storage at 48 Reactor Sites

Reprocessed at West Valley, NY
Used in R&D Programs

a

Ti .i- ' : • ' I :$c>'arjied f r o m

,857

(a) As of Deceiver 31, 1982.

- « - DRY FUEL SHIPMENTS -*•
LAB/HOT CELL ROD TESTS

1st
Zr ALLOY
IN DRY
STORAGE
(WNRE)

i
(

=iRST-<»—HOT CELL
FUEL
EXAMS
! OiSCHARGE

*~
1st
EXTENDED
DRY
STORAGE
(IDAHO)

_U 1 I I.M .1 I.Ll 1 1 1 I
1940

1945

1950
Fig.

19E5

1I1
1960

1st
LICENSED
DRY
STORAGE
(WYLFA)

1st
LWR FUEL
IN EXTENDED
DRY STORAGE
(EMAD)

1I Itl II I I I I I I I
1965

1970

istLWR
DEMO
AT ~400°C
(KWO)

1975

I I i t l l '
1980

1. History of Dry Handling and Storage of Irradiated Fuel
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Table 2 .

Country

Site

Dry Storage of GCR, LMFBR and Test Reactor Fuel
Type
of Fuel

Fuel
Cladding

Earliest
Fuel
Storage

Storage
Facility

Type of
Storage
Vault

LMFBR

SS

1964

Argon/air

Cover Gas

USA

INEL

HFEF/S(b)

USA

INEL

IFSF

Vault

HTGR

Graphite

1975

Air

USA

INEL

HFEF/N

Vault

LMFBR

SS

1975

Argon

UK

Wylfa

Cells 1-3

Vault

Magnox

Mg Alloy

1971

co2

UK

Wylfa

Cell 4,5

Vault

Magnox

Mg alloy

1979

Air

France

Marcoule

TOR

Vault

LMFBR

Al

1985

USA

INEt

ICPP

Dry well

HTGR

Graphite

1971

Helium

USA

INEL

ICPP

Dry we 11

LMFBR

SS

1974

Helium

USA

INEL

RSWF

Dry we 11

LMFBR

SS

1964

Air/Argon

Japan

Tokai

JRR-3

Dry we 11

Test Reactor

Al

1983

Helium

FRG

Julich

Cask

AVR

Ceramic

1982

Cask

LMFBR

SS

1983

France

(a) A. B . Johnson, Jr., E. R. Gilbert and 1\. J. Guenther, Behavior of Spent
Nuclear Fuel and Storage System Components in Dry Interim storage
PNL-4189, Rev. 1, Paci.fic Northwest Laboratory, Richland, Washington,
February 1983.
(b) The HFEF/N and HFEF/S are principally used for examination of LMFBR fuel;
irradiated fuel is stored for up to 1 year.
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Table 3.
Country

Storage
Facility/

Dry Storage Demonstrations of Zircaloy-Clad Fuel (a)

Storage
Concept

Fuel

Storage
Period

Number of
Assemblies

Max Clad
Temp, °C

Licensing
Status

4

170

1980/83

11

230

PWR

1978/82

1

150

Vault

PWR

1978

•-

1

220

KWO

Test Module

PWR

1981(60d)

1

300

FRG

KWO

Test Module

PWR

1981/82

1

400

Canada

WNRE

Silo

WR-1

1975—-

138(b)

120

Canada

WNRE

Silo

PHWR

1976—"•

360(b)

120

FRG

KWW

Metal Cask

BWR

1982/84

16

385

Licensed

FRG

KKS

Metal Cask

PWR

1983/85

4

430

Licensed

Switzerland

E1R

Metal Cask

Test
Reactor

1983

3 MTU

180 est

Licensed

USA

E-MAD

Surface
Drywell

PWR

1979 — *

USA

Climax

Deep
Drywell

PWR

USA

E-MAD

Silo

USA

E-MAD

FRG ,

-

Licensed

(a) A. B. Johnson, Jr. and E. R. Gilbert, Technical Basis for Storage of Zircaloy-Clad
Spent Fue 1 in Inert Gases. PNL-4835, Pacific Northwest Laboratory, Richland, Washington,
September 1983.
(b) Smaller than LWR fuel assemblies.
*• Continuing.
Table 4.

Laboratory/Hot Cell Dry Storage Tests Zircaloy-Clad Fuel

Fuel Types Tested' a '

BWR, PHWR, PWR

Temperature Range

100-570°C

Cover Gases

Air, Helium, Argon

Cladding Condition

•
•

Intact
With defect formed
In-Reactor
• With intentional
defects

Cladding Types

Zircaloy-2
Zircaloy-4

Burnup Range

5000 to. 33,000 MWd/MTU

Test Times

30 - 1300 days

Rod Internal Pressures

Up to 1360 psi (Room Temp.)

(a) Tests have been conducted in Italy (joint with FRG),
and USA on full-length, irradiated Zircaloy-clad fuel
rods.
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Table 5. Cumulative Spent Fue 1 Storage Requiremen

Year

Cumulative Metric Tons Uranium
Pool Expanded to
Pool Expanded to
Maximum Capacity
Plus Transshipment
Maximum Capacity

1983

0

0

1984

13

0

1985

13

0

1986

109

0

1987

257

0

1988

431

32

1989

748

50

1990

1,267

220

1991

1,726

424

1992

2,341

874

1993

3,054

1,376

1994

3,819

2,111

1995

4,812

3,124

1996

6,182

4,477

1997

7,440

5,703

1998

8,948

7,121

(a)

As of December 3 1 ,

119

1982.

Table 6. Estimated Cumulative Spent Fuel Discharges'8'
lear_

_PWR_

_BWR

Total Metric Tons

1983

6 ,061

4 ,234

10,295

1984

7 ,096

4 ,818

11,914

1985

8 ,321

5 ,496

13,817

1986

9 ,712

6 ,313

16,025

1987

11 ,192

7 ,325

18,517

1988

12 ,991

8 ,278

21,269

1989

14 ,727

9 ,115

23,842

1990

16 ,752

10 ,328

27,080

1991

18 ,653

11 ,358

30,011

1992

20,,555

,341

32,896

1993

22,,449

13.,571

36,020

1994

24,,417

14,,595

39,012

1995

26,,308

15,,699

42,007

1996

28,,297

16,,919

45,216

1997

30, 270

17,,954

48,224

1998

32, 251

19, 063

51,314

(a) As of December 31, 1982.

120

REVIEW AND STATUS OF NUCLEAR REGULATORY
COMMISSION REGULATIONS FOR DISPOSAL
OF HIGH-LEVEL RADIOACTIVE WASTES
Michael J. Bell, Deputy Director
Division of Waste Management
U.S. Nuclear Regulatory Commission

The Nuclear Regulation Commission (NRC) promulgated regulations
containing licensing procedures applicable *o geologic repositories
for disposal of high-level radioactive wastes (HLW) in February
1981. In June 1983, the NRC promulgated technical criteria for
licensing disposal of HLW in geologic repositories. While these
procedures and criteria are generally consistent with the provision
of the Nuclear Waste Policy Act of 1982 (NWPA), the Commission is
reviewing these rules to determine if changes are needed. Areas
where some amendments to these rules appear desirable are as
follows: criteria applicable to disposal of HLW in geologic
repositories in the unsaturated zone, changes to the licensing
procedures to conform to the procedures for selecting sites for
repositories in the NWPA, a review of the definition of HLW in
light of the NWPA and changes to the Commission's rules for
implementing National Environmental Policy Act in light of the
NWPA. Commission plans for these proposed ruiemakings are
discussed. Commission plans for reviewing the DOE guidelines for
selecting sites for characterization and development of
repositories are also discussed.
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roC REGULATORY APPROACH
• IDENTIFY EARLY, TO ALL INTERESTED PARTIES, WHAT PROCEDURES WILL BE
FOLLOWED IN THE LICENSING PROCESS AND WHAT THE TECHNICAL CRITERIA FOR
LICENSING WILL BE
FRAMEWORK IS NOW IN PLACE
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NRC REGULATION FOR DISPOSAL OF HIGH-LEVIL
RADIOACTIVE WASTE IN GEOLOGIC REPOSITORIES
(10 CFR PART 60)
• LICENSING PROCEDURES PUBLISHED IN FEBRUARY 1981
• TECHNICAL CRITERIA PUBLISHED IN JUNE 1983
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MAJOR FEATURES OF NRC LICENSING PRXEDURES
• MULTIPLE STEP PROCESS WITH OPPORTIITY FOR PUBLIC PARTICIPATION AT
EACH STEP
- EXTENSIVE PRE-LICENSING CONSULTATION D U N G SITE CHARACTERIZATION
- CONSTRUCTION AUTHORIZATION (MANDATORY HEARINGS)
- LICENSE TO EMPLACE WASTE (HEARINGS MAY BE REQUESTED)
- LICENSE TERMINATION
t REQUIRES QIARACTERIZATION OF THREE SITES IN AT LEAST TWO GEOLOGIC
MEDIA AT REPOSITORY DEPTH PRIOR TO APPLICATION FOR CONSTRUCTION
AUTHORIZATION
• INCLUDES PROVISIONS FOR STATE AND TRIBAL PARTICIPATION IN LICENSING
PROCESS
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MAJOR FEATURES OF NRC TECHNICAL CRITERIA
• OVERALL PERFORMANCE STANDARD IS EPA GENERAL ENVIRONMENTAL STANDARD
FOR DISPOSAL OF HLW (40 CFR PART 191)
t TO HAVE CONFIDENCE EPA STANDARD IS MET, 10 CFR PART 60 REQUIRES A
COMBINATION OF NATURAL AND ENGINEERED BARRIERS WHICH SATISFY
NUMERICAL AND ENGINEERED BARRIERS IICH SATISFY NUMERICAL PERFORMANCE
OBJECTIVES
- FINAL RULE ALLOWS FLEXIBILITY FOR DOE TO PROPOSE ALTERNATIVE
NUMERICAL PERFORMANCE OBJECTIVES, PROVIDED EPA STANDARD IS MET
- NRC MUST REVIEW RULE TO DETERMINE WHETHER IT IS CONSISTENT WITH
FINAL EPA STANDARD .
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SEVERAL AREAS HAVE BEEN IDENTIFIED WHERE
TO PART 60 ARE BEING CONSIDERED
• DISPOSAL IN THE UNSATURATED ZONE
• CONFORMING WITH THE NUCLEI WASTE POLICY ACT
- LICENSING PRXEDURES
- DEFINITION OF HIGH-LEVEL RADIOACTIVE WASTE
- ENVIRONMENTAL REVIEW PROCESS (10 CFR PART 51)
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DISPOSAL IN THE UNSATURATED ZONE
• 10 CFR PART 60 TECHNICAL CRITERIA WERE DEVELOPED BEFORE DOE WAS
ACTIVELY CONSIDERING DISPOSAL IN THE UNSATURATED ZONE
• MANY PUBLIC COMMEMRS ON THE TECIICAL CRITERIA SUGGESTED DISPOSAL
IN THE UNSATURATED ZONE BE EXPLICITLY ADDRESSED
• MOST OF THE TECIICAL CRITERIA IN PART 60 WOULD APPLY TO DISPOSAL IN
EITHER SATURATED ZONE OR UNSATURATED ZONE, HOWEVER, FAVORABLE
CONDITIONS DEALING WITH SITE HYDROLOGY WOULD NOT BE RELEVANT TO
DISPOSAL IN UNSATURATED ZONE
• PROPOSED AMENDMENTS ARE NOW UNDER REVIEW BY THE COMMISSION.
PRINCIPAL FEATURES INCLUDE:
- DEFINITIONS RELATED TO DISPOSAL IN UNSATURATED ZONE
- FAVORABLE AND POTENTIALLY ADVERSE CONDITIONS FOR DISPOSAL IN THE
UNSATURATED ZONE
• EXPECT PUBLICATION FOR COMMENT MX

NE$T YEAR

AMENDMENTS TO LICENSING PRXEDURES NEEDED TO CONFORM TO WASTE ACT
• PRESENT LICISING PROCEDURES DEVELOPED IN PERIOD 1979 -1981, WIN
MANY ASPECTS OF DOE PROGRAM WERE EVOLVING
• MANY ASPECTS OF LICISING PRXEDURES ARE CONSISTENT WITH WASTE ACT
• HOWEVER, T l WASTE ACT SPECIFIES PRXEDURES FOR SITE NOMINATION,
APPROVAL BY THE PRESIDENT AND STATE/INDIAN TRIBAL PARTICIPATION IN
THE SITE SELECTION PRXESS THAT WERE NOT ENVISIONED
• SOME AREAS WHERE CHANGES ARE BEING CONSIDERED ARE:
- DUPLICATION OF NOTICE AND DISTRIBUTION OF DX1ENTS
- RECOGNITION OF EXMSIVE STATUTORY SITE SELECTION PRXESS THAT
PRECEDES SITE CHARACTERIZATION
- RECOGNITION OF DOE/STATE AND TRIBAL RELATIONSHIP ESTABLISHED BY
THE WASTE ACT
- STATUTORY CHANGES TO CONTENT OF SITE CHARACTERIZATION PLAN
- CONSISTENT TERMINOLOGY AND DEFINITIONS

128

DEFINITION OF HIGH-LEVEL WASTE (HLW)
• PART 60 DEFINES HLW BY SOURCE
• WASTE ACT CONSIDERS CONCENTRATION IN ITS DEFINITION OF HLW AND
PROVIDES FOR COIISSION TO SPECIFY AS HLW OTHER MATERIALS REQUIRING
PERMANENT ISOLATION
• COMMISSION IS CONSIDERING HOW IT MIGHT DO THIS, INCLUDING A TABLE OF
CONCENTRATIONS AS ONE POSSIBLE APPROACH
• AN ADVANCED NOTICE OF PROPOSED RUpAKING IS BEING DRAFTED AND SHOULD
BE PUBLISHED FOR COMMENT IN THE FEDERAL REGISTER EARLY NET YEAR
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ENVIRONMENTAL REVIEW PROCESS FOR GEOLOGIC
DISPOSAL OF HIGH-LEVEL WASTE
• COMMISSION'S REGULATIONS FOR COMPLIANCE WITH NEPA ARE CONTAINED IN 10
CFR PART 51
• PRESENT COMMISSION RULES REQUIRE DOE TO SUBMIT AN ENVIRONMENTAL
REPORT AND ANTICIPATES NRC WILL WRITE ITS OWN EIS
- ALSO DESCRIBES CONTENT OF EIS COMMISSION MUST PREPARE
t NWPA SPECIFIES THAT NRC ADOPT DOE'S EIS TO THE EXTENT PRACTICABLE
- ALSO AFFECTS CONTENT OF EIS (NEED, ALTERNATIVE)
t PROPOSED CHANGES NOT LIKELY TO BE PUBLISHED UNTIL DATES IN THE YEAR
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DOE SITING GUIDELINES
• UNDER THE WASTE ACT, DOE MUST OBTAIN THE CONCURRENCE OF THE
COMMISSION PRIOR TO ISSUING GENERAL GUIDELINES FOR RECOMMENDATION OF
SITES FOR REPOSITORIES
• COMMISSION RECEIVED GUIDELIIS FROM DOE FOR CONSIDERATION ON NOVEMBER
23, 1983
• COMMISSION PREVIOUSLY RECEIVED TWO PETITIONS FOR RULEMAKING RELATED
TO ITS PROCEDURE FOR CONCURRING IN THE GUIDELINES
- BOTH HAVE BEEN DENIED, CONCURRENCE IN ANOTHER AGENCIES RULES IS
NOT ITSELF RULMING AND DOES NOT REQUIRE THE COMMISSION TO
ADOPT RULES ON THE CONCURRENCE PROCESS
- HOWEVER, COMMISSION ACKNOWLEDGED THE INTEREST OF THE PARTIES IN
THE CONCURRENCE PROCESS AND HAS PROVIDED OPPORTUNITIES FOR
INTERESTED PARTIES TO ADDRESS THE COMMISSION IN A PUBLIC MEETING
AND TO PROVIDE WRITTEN COMMENT ON A PROPOSED COMMISSION DECISION
• AN ORDER AIOICING THAT ORAL PRESENTATIONS WILL BE HELD BEGIIING AT
10:00 A.M. ON WEDNESDAY, JANUARY 11, 1984 HAS BEEN SIGNED AND WILL BE
PUBLISHED IN THE FEDERAL REGISTER LATER THIS WEEK.

131

ISSUES ON WHICH THE COMMISSION
REQUESTS COMMENT FROM THE PARTIES
t' M'THE GUIDELINES OMIT ANY RELEVANT TECIICAL CRITERIA ESTABLISHED IN
10 CFR PART 60? •
• COULD ANY GUIDELINES NOT RELATED TO 10 CFR PART 60 RESULT IN
SELECTING A SITE THAT WOULD NOT BE A REASONABLE CANDIDATE FOR A
LICENSE APPLICATION?
• THE GUIDELINES A l 10 CFR PART 60 SOMETIMES EMPLOY DIFFERENT WORDING
/ TO DEFINE TERMS AND TO DESCRIBE CERTAIN TECIICAL CRITERIA, COULD
THESE DIFFERENCES RESULT IN SELECTING A SITE THAT WOULD NOT BE A
• REASONABLE « D A T E FOR A LICENSE APPLICATION?
• WOULD THE SELECTION OF SITES IN ACCORDANCE WITH THE GUIDELINES BE A
REASONABLE MEANS TO IDENTIFT^ACTERNATIVE SITES FOR THE PURPOSES OF
THE NATIONAL ENVIRONMENTAL POLICY ACT (NEPA)?
• ARE THE GUIDELINES SUFFICIENT TO ASSURE THE SELECTION OF SITES TIT
WOULD BE REASONABLE CANDIDATES FOR A LICENSE APPLICATION?
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REVIEW AND STATUS OF NRC REGULATIONS FOR DISPOSAL
OF HIGH-LEVEL RADIOACTIVE WASTES

13

REVIEW AND STATUS OF EPA STANDARDS
Daniel J. Egan, Jr., Project Leader
High Level Waste Radioactive Standards
Environmental Protection Agency

The Nuclear Waste Policy Act mandates that the Environmental Protection Agency
(EPA) develop Environmental Standards for disposal of high-level wa.ste,
40-CFR-191. Current plans call for the standards to be released by-early
March. Review and discussion will focus on the second working draft of the
EPA standards 191.15 and the six assurance requirements. These standards are:
1.
2.
3.
4.
5.
6.

Active Institutional Controls
Monitoring
Markers
Multi-Barriers
Site Selection
Avoidance of Natural Resources

Comments received from the public hearings along with the recommendations or
comments by the EPA Science Advisory Board shall also be discussed. Some of
the comments to be discussed at length are as follows:
EPA's cumulative release limits
Retention of Probabilistic Structure
Qualitative Assurance Requirements
Societal Risk
Updated or Improved Models
Release Limits
Environmental Paths
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DEPARTMENT OF BHBRGY LICEHSIHG STRATEGY
Hark W. Pr«l
Geologic Raposlbory Division
U.S. Department of Energy
Washington, DC

the repository and will than license DOE to receive and possess the radioactive waste.

INTRODUCTION
The Department of Energy (DOE) is authorized by
the Nuclear Waste Policy Act of 1982 (Act) to
site, design, construct, and operate mined geologic repositories, and is required to obtain
licenses from the Nuclear Regulatory Commission
(NRC) to achieve that mandate. To this end the
DOB has developed a licensing approach Which
defines program strategies and Which will facilitate and ease the licensing process. This
paper will discuss the regulatory framework within which the repository program is conducted, the
DOE licensing strategy, and the interactions
between DOE and NRC in implementing the strategy.

The Act directs the EPA to publish a final
environmental radiation standard by January 7,
1984. The EPA standard is contained in the proposed rule 40 CFR 191, "Environmental Standards
for the Management and Disposal of Spent Nuclear
Fuel, High-Level and Transuranlc Radioactive
Wastes," issued December 29, 1982. The primary
elements of the proposed EPA standard are:
(1) The combined annual radiation exposure to a
member of the public from management and
storage operations of high-level waste plus
the uranium fuel cycle shall not exceed 25
millirems to the Whole body, 75 millirems to
the thyroid, and 25 milllrams to any other
organ.

A licensing strategy is made necessary by the
unique technical nature of the repository. Such
a facility has never before been licensed; furthermore, the duration of isolation of waste
demanded by the proposed EPA standard will require a degree of reliance on probabilistic performance assessment as proof of compliance that
is a first of a kind for any industry. The
licensing strategy is also made necessary by the
complex interrelationships among the many involved governmental agencies and even within DOE
itself, and because these relationships will
change with time. Program activities which
recognize these relationships are essential for
implementing the Act. The guiding principle in
this strategy is an overriding commitment to
safeguarding public health and safety and to protecting the environment.

(2) Limits on cumulative radionuclide releases to
the accessible environment for 10,000 years
after disposal are quantified.
(3) Assurance requirements, qualitative in
nature, that are to develop the needed confidence that the long-term release limits can
be met. These include requirements on:
o
o

prompt disposal of waste
"as low as reasonably achievable" releases to the environment
o : utilization of both engineered and
natural barriers
o no reliance on long-term active institutional controls
o
identification/marking of repository sites
o siting repositories away from natural
resources
o retri.evabllity of waste for a reasonable
period of time.

REGULATORY FRAMEWORK
The Act established the relative scopes of
authority and responsibility among the DOE, NKC,
and EPA for the safe disposal of HLW in a geologic repository. DOE is required to design,
construct, operate, and decommission the repository in accordance with NRC regulations: the EPA
sets the standards for the protection of the
general environment from offslte releases of
radiation upon which the NRC regulations are
based. The NRC will authorize construction of

Based on input received en the proposed standard,
EPA is in the process of finalizing 40 CFR 191.
The Act establishes the overall procedure for
licensing a repository, requiring the NRC to
issue the requirements for construction authorization, receipt and possession of waste, and
closure/decommissioning by January 1, 1984. The
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The Act supplement*, if you will, these requirements as follows:

implementing SRC regulation! concemlns the licensing of HLW repositories are included in 10
CFR 60, "Disposal of Hlgh-Level Radioactive
wastes in Geologic Repositories." Tha regulation* wars iaauad in two parta: a procedural
rula, on February 25, 1981, and a technical rula,
on Juna 21, 1983.

Before proceeding to sink an exploratory
shaft at a candidate site, the DOE must submit to the VRC a Site Characterisation Plan
(SCP).
During the conduct of site characterisation
the DOB must report on progress to the MRC at
least once every six months.

Tha procedural rula aata forth tha raquiraimnts
for DOE in submitting an application for alicanse
and gpacifias tha procedures Which tha Commission
will follow in considering such an application.
This process involves eight major milestones:

The DOE must submit to the HRC an application
for a construction authorization within 90
days after the site designation for a repository becomes effective.

(1) Submittal of the construction authorization
application to SRC

The MRC is to adopt, to the extent practicable, the Environmental Impact Statement
(EIS) prepared by the DOE, as part of Its
Act-mandated site selection process, and such
adoption shall be deemed to also satisfy the
SRC's responsibilities under VEPA.

(2) HRC acceptance review and docketing of application and staff review
(3) Issuance of a construction authorization
(A) Submittal of application for license to receive and possess HIM

The HRC must submit to Congress a report on
their progress in reviewing the DOS'* license
application within one year after it is submitted and annually thereafter. The DOE and
Congress are to be advised of any major unresolved safety issues and the DOE is to
explain plans for resolving such Issues.

(5) Review of application and grunting of license
(6) Amendment of license for permanent closure
(7) Application for termination of license
(8) Termination of license

The VRC is to issue a final decision on the
application rvlthln three years after receipt.
This deadline can be extended up to one
additional year by the VRC.

An additional stt>p currently not covered in the
procedural rule will be discussed later. Tha
KRC'a issuance of the license requires a finding
that the repository will not constitute an
unreasonable risk to the health and safety of the
public.

STRATEGY

The technical rule sets out performance objectives along with siting and design criteria
which, if satisfied, will support-- such a finding
of no unreasonable risk. Key performance objectives contained in the rule include:

With this regulatory framework in mind, strategic
approaches have been developed to help ensure
that the licensing process is carried out as
smoothly and efficiently as possible. Some of
the key approaches are outlined below.

o

performance of the system, including both
natural and engineered barriers, in accordance with the BPA standard;

o

containment of radionuclides within the waste
package for a period of 300 to 1000 years;

o

release from the engineered barrier system
United to one part in 100,000 per year, following the containment period;

o

pre-waste emplacement groundwater travel
times to the accessible environment to be at
least 1000 years; and

o

retrievablllty of waste throughout the emplacement period and thereafter, until satisfactory completion of a required performance
confirmation program

Information requirements for the application for
the construction authorization and the EIS should
be identified as early as possible. Early identification of these requirements allows DOE to
assume the lead in determining the process for
data acquisition and design development and focus
the time frame for data acquisition into the site
characterization phase. Early data acquisition
for licensing documents allows early identification of problem areas and implementation of corrective measures. Identification of information
requirements can be accomplished by several means.
Among them are early review and comment on HXC
draft documents, frequent contacts with KKC
staff, and early development of format and content guidance for parts of the license application to put forth DOS policies and interpretations
early in the licensing process. Considering the
site characterization as the focal point for
gathering licensing data will assure timely data
acquisition. Working groups comprised of DOE
field projects and Headquarters will provide the
vehicle for cross-communication and uniformity of
reports.

HRC intends additional rulemaking to make changes
to these regulations in light of tha Act and the
final EPA standard, if required.
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preliminary construction work afc tha site prlor
to receipt of the full construction
authorization. This preliminary work could, for
example, include the clearing and grm'.ins ov the
site, providing road access, power, watar, and
other utilities to the site, and initiating
construction on two key activities on the
critical path — the waste receiving/handling
building ami the men and materials shaEc.
Limited surface work and undoeground construction
must be initiated no more than one year after the
construction authorization application is
docketed in order to maat the 1998 milestone.
The NRC regulations in 10 CFR 60 provide no
guidance as to whether or nor. the NRC would
accept an application for a limited work
authorization. Discussions in the past with the
HRC staff on this matter indicated a general
reluctance to proceed with such an approach
because of its timing relative to the staff's
review of the application for construction
authorization. DOE intends to explore fcha
concept and scope of such an approach with NRG in
the near future.

Th« exploratory shafts should be considered as
part of information gathering for the license
application. Shaft development, lining, and
scaling are important considerations in the
acquisition of data for evaluating site and
repository design licensability. On a broader
scale, sits characterization should be considered
as part of long-term data collection, extending
into repository construction. Additional and
confirmatory data will be needed to support the
application for a license to receive and process
waste.
DOB will strive to assure licensability of repository and waste package designs and performance assessment!!, and assure consistency amongst
the various projects in applying licensing requirements. This is necessary to avoid different
application of licensing criteria and guidance
for different sites, to verify that particular
designs, design features, or performance assessments satisfy licensing criteria, and to define
licensing issues as early as possible. The potential licensability of designs and performance
assessments can be verified by review of functional design criteria, design features, and
analytical design methods, and the assumptions,
methodologies and data base used in performance
assessments. In addition, licensing workshops
will ba held to verify consistency in the application of licensing criteria and guidance.

The common theme running throughout the above
strategy points is the need for continuous and
substantial interactions between t.hn DOE and the
HRC, Unlike the licensing of privately-owned
commercial power reactors, a significant amount
of interaction is necessary between the DOE and
NRC prior to DOE's filing of a request for construction authorization with the HRC, which
starts the formal licensing process. Since this
is a unique program with many unknowns, and the
possibility of changing NEC requirements and
evolving Interpretations of these requirements,
DOE believes that it must follow a strategy of
close working relationships with ;:lis sue. There
will be substantial new informstiosi developed
during DOE's site characteri.Kat.inn programs that
must be relied upon by the NRC. DOE acknowledges
the need of HRC to understand, early i«i the program, the basic phenomena, the data acquired on
candidate sites and host rocks, and the inherent
uncertainties and limitations of the resulting
data and analysis. The NS.C, itself, will be
developing information and positions that are
important to DOE. There must be early and open
exchange of information and opinions between DOE
and SRC. While recognizing SRC's independent
*
responsibilities, the DOE strategy calls for a
relationship that goes beyond t.ht» traditional
regulator/licensee roles, at least in the early
stages of the repository development progran, to
facilitate this exchange of information and
views. The Act reinforces the necessity and
appropriateness of this type of relationship in
its call for NRC involvement in DOK's
pre-licensing activities. In addition to the fcRC
concurrence on the siting guidelines, which is
required by the Act, the prelicensing interaction
with the NRC will be concerned with the site
characterization plans and their implementation
to provide data for the recommendation of a site
for repository development and subsequently for
the appMcation for construction authorization.
It is hoped that this approach will allow
technical issues to be identified in ths

To ensure meeting certain statutory deadlines, as
wall as to allow for the uncertainties that exist
in the repository program, the program and field
projects are beinf planned based on the assumption that each candidate site will be the one
selected and licensed for the repository. This
approach is particularly important for meeting
the Act milestone of submitting the application
for construction authorization within 90 days
after the repository site designation becomes
effective. This can only be accomplished by having each project begin to develop the information
and documentation needed for the application long
before the site selection decision is made.
Also, the Department is committed to meeting the
Act mandate of beginning to dispose of high-level
waste or spent fuel not later than January 31,
1998. Therefore, the Department has formulated a
program strategy, which will be discussed in some
detail in the Mission Plan, that has a repository
constructed and ready to receive, handle, and
enplace waste by 1998. In order to allow for
adequate time to nominate and recommend candidate
sites for characterization, conduct the required
site characterization/in-sltu testing program to
determine suitability of sites for repository
development, and to prepare the necessary site
selection documentation — all in consultation
with affected States and Indian tribes — the
Department believes that an additional step
currently is needed in the eight-step formal
licensing process discussed earlier. This
additional step is the request for a limited Work
Authorization as part of DOE's submission of the
application fcr construction authorization. DOE
would like to be able to initiate some
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prellcenslng phase; the Issue* can than be either
resolved without delay, or activities leading to
a resolution can be initiated.

DOB M d HRC are now working togathar to finalize
project-specific agreements that implement these
principles.<

In the last 2 years (1982 and 1983), over 20
meetings, workshops, and site visits/tours have
occurred between HRC and the three potential DOS
first repository projects. The interactions have
covered all aspects of the projects — hydrology,
Seology, waste package, geochemistry, repository
and exploratory shaft design and construction, in
situ test plans, and performance assessment.
These interactions have focused and trill continue
to focus on the data, test and development plans,
datt acquisition procedures and so forth that
will be contained or referenced in the first site
characterization plans submitted by DOE. This
type of information, for the most part, will be
shared and worked with HRC in workshops, and
results of these dicsusslons will be factored
into the site characterization plans. Overall,
these productive interactions have provided each
agency with insights into the other's thinking
and an improved understanding of what it will
take to successfully license a repository.

In addition to DOB'* interactions with m e , DOB'*
approach is to provide Information to the
affected States end affected Indian tribes on the
sane basis and schedule a* with HRC. DOB recognizes the concern* — health, safety, and environmental — of the States and Indian tribes, and
their desire to independently assess the information developed by DOE. By maintaining a high
level of quality interactions with HtC, DOE hopes
that thttse interactions will serve as a benchmark
of assurance for the affected States and affected
Indian tribes.
In summary, DOE's licensing strategy requires
that the Department maintain an open and cooperative posture with the HRC, that the affected
States, Indian tribes, and the public at large
have real opportunities to become Involved in the
siting and deployment process of the repository,
and that the health and safety of the public remain the primary goal of the program. By doing
so, DOB believes that the regulatory requirements
will be successfully met and, thus, a repository
successfully designed, constructed, operated, and
decoKMissloned.

DOE recognizes that to be successful, such a
strategy must in no way compromise or appear to
compromise NRC's independence in judging safety
and environmental acceptability of DOE's actions
and the repository Itself, This requires that
DOK-NRC interactions take place in full public
view.. While this potentially could inhibit free
exchange of ideas and discussion of problems, DOB
views the spirit of the Act as encouraging a
fully informed public regarding all aspects of
the program and, therefore, does not believe that
public observation during DOE-HRC meetings should
or will cause significant problems. Any problems
that may arise will be outweighed by the benefits
of this relationship.
DOE and NEC have formalized the procedures for
consultation and exchange of information during
the site screening and characterization phases of
the program, prior to the formal licensing
process. These procedures are contained in the
so-called Morgan-Davis Procedural Agreement,
named after the DOE-NRC cosigners. The primary
purpose of the Agreement is to assure that a free
flow of information is maintained between the two
agencies. To this end, the Agreement provides
for:
o

NRC resident representatives at each site
undergoing investigation to facilitate prompt
information exchange;

o

technical (and management) meetings, which
potential host State and affected Indian
tribes will be invited to and which will be
open to the public as observers;

o

timely release of data, and data analyses and
evaluations; and

o

DOE provision of site-specific rock samples
to VRC for independent analysis and evaluation.
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SITE CHARACTERIZATION REVIEWS AND
PRELICENSING CONSULTATION PROCESS
Hubert J. Miller
U.S. Nuclear Regulatory Commission

This presentation focuses on the Nuclear Regulatory Commission
(NRC's) site characterization reviews and the prelicensing
consultation process which will establish what information is
required for licensing. These needs are described in the context
of the adjudicatory hearing process that will be undertaken in
connection with the construction authorization and the nature of'
NRC staff reviews that will be performed. The Department of Energy
(DOE) will bear the burden of proof during formal hearings with
discovery and cross examination of witnesses. NRC staff will
review the performance assessments produced by DOE and evaluate the
reliability of the data submitted. The site characterization work
is essentially exploratory in nature and has long lead times
associated with the completion of testing. Therefore, the
prelicensing consultation and guidance process must start early and
continue through the process of site investigation. The principal
mechanism for prelicensing consultation between agencies as
provided for in NRC regulations and the Nuclear Waste Policy Act
(NWPA) is the Site Characterization Plan submitted by DOE and the
NRC analyses of it. The plan is to be a comprehensive scoping
document identifying all potential licensing issues. Given the
range in the levels of detail and variety of technical issues a
variety of other mechanisms for consultation and guidance are
described. These include technical meetings and NRC staff review
of technical DOE documents, such as the environmental assessments
which will support site screening. Finally, other features of al
assessments which will support site screening. Finally, other
features of al assessments which will support site screening.
Finally, other features of prelicensing guidance such as provisions
for State, Tribal, and public involvement are described. Several
major licensing issues which will have potential important effect
on repository development and licensing schedules are reviewed.
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HIGH LEVEL WASTE PRELICENSING CONSULTATION
A l GUIDANCE PRXESS
. BACKUP MATERIAL
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HLW PRELICENSING
• FORMAL LICISING PROCESS
• PRELICENSING CONSULTATION/GUIDANCE
- GENERAL CHARACTERISTICS
- SPECIFIC MECHANISMS
- TECHNICAL APPROACH
• CURRENT STATUS AND IJOR OPEN ISSUES

HLW DECISION PROCESS
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HEARINGS:
LEGAL, ADJUDICATORY PROCESS
• BURDEN OF PROOF ON APPLICANT
• INDEPIDENT ADMINISTRATIVE LAW BOARD
• RULES OF EVIDENCE APPLY
• MULTIPLE COEQUAL PARTIES
• OPPORTUNITY FOR DISCOVERY AND CROSS EXAMINATION
• FINDING BY BOARD: "REASONABLE ASSURANCE" THAT 10 CFR 60 CRITERIA
WILL BE MET?
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HEARINGS:.
PROCESS REQUIRES
t COMPLETE, TECIICALLY DEFENSIBLE RATIONALE
t SUPPORTING FACTS A l DATA COLLECTED UNDER QUALITY ASSURANCE PROGRAM
• CONSIDERATION OF UNCERTAINTIES AND ALTERNATIVE INTERPRETATIONS
• COMPLETE DOCUMENTATION
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NRC STAFF REVIEW
• INDEPENDENT DATA REVIEW
- QUALITY (DETAILS OF DATA COLLECTION METHODS)
- COMPLETENESS
- RELEVANCE
• REVIEW DOE PERFORMANCE ASSESSMENT
• COMPLETE AND INDEPENDENT PERFORMANCE ASSESSMENT
- ADDRESS UNCERTAINTIES AND ALTEIATIVE INTERPRETATIONS
• PROPOSE FINDINGS TO ASLB
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LEVELS OF DATA A l DATA REDUCTION
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PRELICENSING CONSULTATION/GUIDANCE MECHANISMS
• DOE SITE CHARACTERIZATION PLAN (SCP) AND UPDATES
- FULL 10 CFR 60 COMPLIANCE ASSESSMENTS NEEDS
• NRC SITE CHARACTERIZATION ANALYSIS
• DOCUMENTED TECHNICAL MEETINGS
• STAFF TECHNICAL POSITIONS
• CRITICAL REVIEWS OF DOE DATA DOCUMENTS AND PLANS
- E.6. ENVIRONMENTAL ASSESSMENTS
• NRC RULEMAKING ON SELECTED ISSUES
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TECHNICAL REVIEWS/WORKSHOPS
(fi 80-83)
BWIP
3

NTS
3

GEOLOGY

1

1

GEOCHEMISTRY

1

2

HYDROGEOLOGY

5

3

WASTE PACKAGE

1

1

1

DESIGN (UNDERGROUl TESTING)

4

1

1.
5

OVERALL SITE/FIELD REVIEW

PERFORMANCE ASSESSMENT

J_

_

TOTAL

16

11
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SALT
3

GENERIC
2

.

1
3

NRC EA REVIEW PLANS
• COMPREHENSIVE, CRITICAL REVIEW OF DATA BASE AND DATA
INTERPRETATIONS/ASSESSMENTS UPON WHICH SCREENING DECISIONS MADE
• PREPARATIONS - COMPLETE DETAILED DATA REVIEW IN EACH RELEVANT TECH A M BEFORE EA
- REVIEW PERFORMANCE ASSESSMENT METHODOLOGY/MODELS, TO EXTENT THEY
WILL BE USED IN EA, BEFORE DRAFT EA IS

J 49

PRELICISING CONSULTATION

•
•
•
•
•
•

EARLY/ONGOING
INTERACTIVE/REAL TIME PROCESS
SITE-SPECIFIC
FLEXIBLE
OPEN
DOCUMENTED
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MAJOR CURRENT OPl ISSUES
• MUCH PROGRESS MADE TO DATE
• COMPLETION OF EFFECTIVE MECHANISMS FOR PROVIDING DATA INVENTORIES AND
EARLY RELEASE.
- HELP STAFF IN BEING SELECTIVE AND EFFICIENT IN DATA REVIEWS
• OPl ISSIS WHICH WILL LIKELY DETERMINE LONG-TERM LICENSING SCHEDULES
-- HHEN IS SITE CHARACTERIZATION COMPLETE FOR LICENSING?
- PERFORMANCE TARGETS NOT ESTABLISHED BY DOE FOR REPOSITORY SYSTEM
COMPONENTS ON SITE SPECIFIC BASIS TO GUIDE MEETING OF 10 CFR 60
- SCALE AND DURATION OF UNDERGROUND TESTING OF COUPLED THERMAL
EFFECTS NOT ADDRESSED BY DOE
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ESTABLISH PRESIT UNDERSTANDING/REACH PIIINGS

152

SYSTEM BREAKDOl

153

NRC TECHNICAL APPROACH
• SPECIFICALLY, "HOW MUCH OF WHAT KIND OF TESTING/INFO GATHERING IS
NECESSARY AND SUFFICIENT FOR LICENSING?"
• TWO OPTIONS
1. PRESCRIPTIVE APPROACH - E.G., NRC PRESCRIBES REQUIRED PRECISION
AND ACCURACY
2. SYSTEMATIC, ITERATIVE PROCESS WITH DOE TAKING LEAD
• PRESCRIPTIVE APPROACH - CURRENTLY INAPPROPRIATE/IMPRACTICABLE;
- ARBITRARY GIVEN CURRENT UNCERTAINTIES
- DENIES DOE NEEDED FLEXIBILITY
- COMPLEX HIGHLY COUPLED MULTI-DIMENSIONAL PROCESSES
- SITE SPECIFIC
- INCONSISTENT WITH FINAL 10 CE? 60
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SYSTEMATIC, ITERATIVE APPROACH
• DOE MUSI PROMPTLY ESTABLISH AT LEAST "INTERIM" SYSTEM AND SYSTl
COMPONENT REQUIREMENTS AT EACH SITE
• LICISING INFORMATION AND DATA GATHERING PROGRAMS ESTABLISHED IN
TERMS OF THESE REQUIREMENTS
• IN PARALLEL, SYSTEMATIC "LOGIC TREE" ANALYSES (ALBEIT
gUALITATIVE/SEMI-gUANTITATIVE). PERFORMED TO IDENTIFY NEEDS
• ONGOING SENSITIVITY/UNCERTAINTY ASSESSMENTS
• NRC - ON AN ONGOING BASIS;
- PERFORMS DETAILED DATA REVIEWS
- CONDUCTS INDEPENDENT SENSITIVITY/UNCERTAINTY STUDIES
- REFINES LICENSING GUIDANCE
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OTHER
APPLICANT

PARTIES

\

/

STAFF
/
/
•

/

in

f

ASLB

ALAB

^

\r
COMMISSION

ACRS

HLVV DECISION PROCESS

ESTABLISH
PRESENT
UNDERSTANDING

IDENTIFY
PERFORMANCE
ISSUES

ESTABLISH
COMPONENT
REQUIREMENTS

PERFORM SYSTEM
SENSITIVITY
STUDIES

DEVELOP
ASSESSMENT
METHODS

_

IDENTIFY
INFORMATION
NEEDS

I
ESTABLISH TEST
PLANS AND
PROCEDURES

GENERATE DATA
AND DETERMINE
UNCERTAINTIES

REACH
FINDINGS
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_«»J

GEOLOGIC
REPOSITORY SYSTEM

NATURAL
SYSTEM

ENGINEERED
SYSTEM

GROUNDWATER

WASTE
PACKAGE
UNDERGROUND
FACILITY

GEOCHEMISTRY

SHAFT &
BOREHOLE SEALS

GEOLOGIC
STABILITY

System breakdown
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LEVELS
OF DATA AND
DATA REDUCTION

RAW DATA

NUMEROUS LEVELS
OF DATA
REDUCTION AND
ASSESSMENT

DETAILED INFO
ON COLLECT ION
METHODS
I
i
i

I
i

E.G.-DRILLERS
LOGS

REDUCTION OF
RAW DATA TO
DETERMINE SPECIFIC
PARAMETERS

BROAD, INTEGRATED
MULT I-DISC I PL I NARY
ASSESSMENTS

r
I
i

-METHODS OF
, WELL COMPLETION

-PRESSURE VS.
TIME PLOTS
-SPECIFIC TEST
PROCEDURES

I

E.G.-HYDRAULIC
CONDUCTIVITY OF
ONE HYDROGEOLOGIC
UNIT IN ONE HOLE

E.G.-MATH GROUNDWATER
MODELS TO INTEGRATE
MANY POINT MEAS'M'TS
-GEOLOGIC, HYDROLOGIC
GEOCHEM INFO TO
CONSTRUCT CONCEPTUAL
FLOW MODELS
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NRC HIGH LEVEL WASTE REGULATORY RESEARCH: PURPOSE
Patricia A. Cornelia
Frank A. Costanzi
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, D.C.
I welcome the opportunity to speak to you this
afternoon concerning the purpose of NRC's HLW
regulatory research program. Section 205 of the
Energy Reorganization Act of 1974 established the
Office of Nuclear Regulatory Research in order to
carry out the research activities of the Nuclear
Regulatory Commission. The purpose of this
creation was to enable the Commission to have an
independent capability for developing and analyzing
the technical information that would be needed to
make licensing and regulatory decisions concerning
protection of the public health and safety and
the environment. This talk will tell how the
research activities of the Commission are contributing to the Commission's ability to make sound
and independent licensing and regulatory decisions
concerning safe disposal of high-level radioactive
waste in geologic repositories; and, as a corollary,
to the public's confidence in the independence
and soundness of these decisions,
In thinking about where to begin, I decided that
the Chairman's remarks, yesterday and the day
before, at colloquies held at Sandia and Los
Alamos Laboratories, provide the best place to
start.
Let me quote from his remarks as to what research
has taught us about nuclear safety considerations
and to how it contributes to public confidence
concerning nuclear safety regulation.
"The Nuclear Regulatory Commission has long
felt that safety assurance and safety advances
require a substantial research effort. The
NRC budgetary commitment to research has
traditionally represented roughly half of
our total appropriation."
The Chairman, pointing out that the proportion
has declined to about 43 per cent in FY '83 given
the budgetary reduction, goes on to say:
"Research is indeed crucial to our mission,
both in verifying the assumptions underlying
safety regulation and in analyzing the kinds
of operating experience that can disclose an
accident vulnerability not previously anticipated. Research is essential to the
resolution of the problems that erode public
and governmental confidence in nuclear
power, such as high-level waste disposal."
He then: states his belief that there is a direct
connection between credibility and nuclear safety
research:

"Research is a cornerstone of credibility in
nuclear regulation. It is through research
that we are better able to gauge the adequacy
and appropriateness of safety regulations.
And it is through research that we are better
able to hone our requirements to a realistic
precision."
The light of research he says,
"can help to dispel the aoubt and anxiety that
unquestionably exists today in the public mind
regarding nuclear power."
Over the last several years, the research office,
consistent with its purpose, and sensitive to the
values the Chairman has enunciated, has carried out
a two-pronged effort for the Commission in the area
of high-level radioactive waste disposal.
First, working in close collaboration with the
licensing office, it has conducted for the Commission the 10 CFR Part 60 rulemakings which established the regulatory framework for making licensing
decisions concerning the disposal of high-level
waste in geologic repositories to be developed by
DOE. Research results were used in the development
of the technical bases for the regulatory criteria
which will be used to judge the adequacy of the DOE
submissions. These criteria include the overall
performance objective of meeting the EPA standard;
the containment, controlled release, and groundwater
travel time requirements for the engineered and
natural systems, as well as repository siting and
design criteria.
Second, now that the regulatory framework is in
place, the research office is contributing to the
ability of the Commission to make sound licensing
judgments, particularly at the critical first
decision concerning whether there is reasonable
assurance of safe disposal so as to warrant
authorizing construction of a repository at a
particular site. It is also contributing to overall confidence in the regulatory process. Regulatory research makes these two contributions by
providing at least part of the independent understandings and tools and methods necessary for
independent assessment and evaluation of a DOE
application for a geologic repository, as it relates
to the repository's waste isolation capability over
the long-term and over a wide range of conditions.
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To put the regulatory research cont. 'butions into
further perspective, it is useful to consider the
relation of research to NRC activities during the
pre-1icensing phase in which we are now. The
time between now and the submission of a license
application by DOE seeking construction authorization is a long one. Of necessity, it is a
time of dialogue between the NRC licensing staff
and DOE as applicant, concerning site specific
issues related to safe disposal that will have to
be resolved before a construction authorization
can be issued following a licensing hearing.
These discussions are governed by a procedural
agreement between NRC and DOE, whereby discussions
are both open to the representatives of potential
host States, affected Indian tribes and other
interested parties and documented, the documentation being placed in the Public Document Room.
The procedures are designed to safeguard the
soundness of the regulatory process. They recognize,
as the Director of Nuclear Material Safety and
Safeguards indicated yesterday, "the need for
free and open exchange of information and that
active participation by States, affected Indian
tribes and other interested parties help assure
the public that DOE is receiving critical oversight, not only from them, but from a regulatory
agency that has prudently kept itself at arm's
length from the entity it regulates."
Maintenance of the Commission's Independent
regulatory research capability contributes to
keeping the system open by providing to the
licensing staff a constant infusion of independently acquired information against which to
assess the information being developed by DOE, as
applicant. The Commission's HLW regulatory
research program assures that DOE is not the sole
source of information and expertise available to
the licensing staff. The Commission's regulatory
research contributes to the vital base of independent understandings of what is important and
what is unimportant, what is certain and what is
uncertain, of the quality and interpretation of
the DOE site-specific data.
In particular, in light of the technical criteria
of 10 CFR Part 60 and the emerging licensing
component of the regulatory strategy, the Commission's research program is focused on three
topical areas: materials and engineering; geochemistry and hydrology; and compliance assessment
and modeling. It is designed to be relevant to
the regulatory needs of the Commission's licensing
staff; and to be timely with respect to providing
them requisite information in usable form so that
the licensing staff will be able to reflect the
research findings in their discussions with DOE.

actions with the groundwater. We are assessing
the ranges of behavior of radionuclides in
thermally-mechanically-chemically disturbed areas.
We are examining these phenomena with a view
towards being able to assess the information that
DOE as applicant will have developed and applied
to its demonstration of repository performance.
In sum we are investigating phenomena and selectively probing into areas of high importance and
uncertainty in order to be able to assess the
sources and magnitude of uncertainties which the
Commission must consider to reach a finding of
whether there is reasonable assurance of no
unreasonable risk to the public health and safety
or the environment.
We are also developing approaches for assessing
overall repository performance and the associated
uncertainties, particularly in relation to the EPA
standard; that is, approaches for assessing in an
integrated manner the geologic, hydrologic and
geochemical stability of the repository system; to
understand the uncertainties inherent in that
assessment and their impacts on reasonable assurance; to understand radionuclide transport behavior
over the long time periods required if there is to
be confidence in protection of the public health
and safety; and to understand the data and data
analysis limitations, especially where we have to
deal with extrapolation over long time periods.
As with all regulatory research programs the scope
of the HLW program 1s limited by budget as well as
relevance and timeliness. While the Commission's
waste management research program has been and
continues to be generally comprehensive, some
areas are not being addressed by the program
because of funding limitations. These areas are
on the periphery of waste management topics being
researched by NRC currently; and what we know of
them has to be inferred from research conducted to
date. These "holes" in NRC's research program now
may evolve into significant regulatory technical
issues later, not necessarily because of the
technical questions or uncertainties associated
with them, but because we will have been unable to
conduct timely research during this prelicensing
phase.
b v a n v n f a N P r . i n HLW t h ^ is not ^dressed directly
by any of NRC's research is resaturation of a
repository located beneath the water table.
Resaturation may not at all be a smooth steady
process
facility re-floods
h m<iwhereby
i e rthe underground
der hl ghthermaI
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output f?om

.nrf ™ n « * P 2 c k a 2 / 5 ' l a r g ? temperature fluctuations
and repeated wet/dry cycling in a water/steam
environment may take place. These in turn could
radically alter the minerology of any backfill
For example, in the area of containment uncertainties, materials, as well as both the minerology and
fracture properties of the host rock in the
we are looking at the assessment of the waste
vicinity of the wastes. Further, water/steam
package failure mechanisms. We are looking at
cycling on the surface of waste packages may
the problems associated with the degree of reliance
well accelerate the deterioration of waste
that can be placed on the extrapolation of short
canister materials. Singly, or in combination
term tests to the" 300 to 1000 years of the
these effects could so complicate and otherwise
containment period. We are also looking at what
add to the uncertainty of DOE's demonstration as
affects the stability of the emplacement areas
to adversely affect the Commission's confidence in
and their effects on containment. With respect
DOE's prediction of the expected performance of
to the controlled release uncertainties, we ..are
the engineered barrier system, if not the repository
examining the processes of waste package interas a whole, over the long term.
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In closing, the Commission's regulatory research
efforts are directed towards placing at the
disposal of the Commission's licensing staff the
necessary understandings of phenomena and analytic
approaches of both a qualitative and quantitative
nature, so as to put the staff in the best
position to assess independently the DOE submission.
Simultaneously, the program contributes to the
protection of the soundness of the Commission's
HLW regulatory process and to the public's
confidence in that process by always providing a
basis for independent evaluation and assessment.
Thank you.
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OVERVIEW AND STATUS OF
DEPARTMENT OF ENERGY SITING GUIDELINES
Carol Hanlon, Program Analyst
Office of Civilian Radioactive Waste Management
U.S. Department of Energy
Washington, D.C.

One of the initial requirements of the Nuclear
Waste Policy Act of 1982 was the development of
siting guidelines for use in the selection of
repository sites.

DOE held meetings with 23 interested States and
several Federal agencies, including CEQ,
U.S.G.S., NRC, EPA, and the Departments of
Interior and Transportation. In response to the
comments received on the proposed guidelines, the
task force drafted a set of alternative
guidelines that were issued on May 27, 7983. In
response to requests made by States in a plenary
consultation meeting, a second public comment
period was held. The guidelines were then
revised to reflect comments on both the proposed
and the alternative guidelines and were forwarded
to the States and Federal agencies. After a
second p7enary consultation meeting, the draft
final guidelines were modified as appropriate to
respond to final State comments and submitted for
internal review and approval. Information copies
of these guidelines were again provided to States
and agencies. The final guidelines were thus
developed after two formal public-comment periods
and two rounds of consultation with interested
States and Federal agencies, including both
individual and plenary sessions. All together,
more than 3,000 comments were received and
considered.

On November 22, 1983, the Department of Energy
(DOE) forwarded its siting guidelines to the
Nuclear Regulatory Commission (NRC) for
concurrence, in accordance with the requirements
of the Act. The Act also specified that the
Department was to issue general guidelines for
the recommendation of sites for repositories
after consulting with the Council on
Environmental Quality (CEQ), the Environmental
Protection Agency (EPA), the U.S. Geological
Survey (U.S.G.S.), and the interested Governors.
The Act requires the guidelines to specify
geologic considerations that shall be primary
criteria for site selection, factors that would
qualify or disqualify sites, and population
factors that would disqualify sites. In
addition, the Act requires consideration of waste
transportation and regional distribution,
consideration of various geologic media, and to
the extent practicable, recommendation of sites
in different media. The Act also specifies
points at which the guidelines are to be applied
in the siting process, thus establishing the
framework for continuing the repository-siting
program.

KEY ISSUES
The key issues raised during the consultation
process can be summarized as follows:

To develop the guidelines, DOE established a task
force of program experts. The task force began
by considering the requirements of the Act and
criteria developed earlier by the Nuclear Waste
Terminal Storage (NWTS) program and by other
agencies, such as the National Academy of
Sciences and the International Atomic Energy
Agency. Additionally, the task force- made the
guidelines compatible with applicable
regulations, including the NRC and EPA
regulations promulgated in response to the Act.
Following development of the proposed guidelines,
the Department began an extensive consultation
program by releasing these guidelines for pubTic
review and comment in the Federal Register of
February 7, 1983. Besides distributing nearly
6,000 copies of the proposed guidelines and
conducting a series of regional public hearings,

163

o

The use of NRC and EPA regulations

o

The application of the guidelines in the
siting process

c

The structure and specificity of the
guidelines

o

The relationship between system and
technical guidelines

o

The use of the system approach in evaluating
the overall performance of the repository
system

o

The relative importance of individual
guidelines

o

The degree of reliance placed on engineered
barriers

o

Impacts on the local population

o

Impacts on the environment

o

Protection of ground-water resources

o

Transportation

repository, the guidelines are to be used in the
following site-selecting decisions:

All of these issues were considered in revising
the guidelines, and the responses to them are
summarized below in general terms. Interested
persons can find detailed responses in the
comment-response document and in the analysis of
comments received; both of these documents are
available from the DOE.
USE OF NRC AND EPA REGULATION
Many parties questioned the..DOE1s reliance on NRC
and EPA regulations in developing its siting
guidelines. However, because all repositories
for high-level radioactive waste and spent fuel
will have to be licensed, constructed, operated,
and closed in accordance with these regulations,
DOE was obligated to ensure that its guidelines
are consistent with them. The central fixture of
both the NRC and EPA regulations is the chosen
site. The NRC, through a licensing action that
will permit the repository to be constructed,
will make the ultimate decision on the technical
adequacy of the site proposed by DOE. The NRC
criteria in Code of Federal Regulations 10 (CFR)
60 have now been released in final form, and the
guidelines are compatible with them. The
differences between the guidelines and the NRC
regulations are attributable to differences in
purpose: the guidelines are to guide the
selection of sites, whereas 10 CFR 60 will be
used in licensing the total system, including the
waste package and the engineered repository. To
ensure that the guidelines are also compatible
with the EPA standards, which regulate and limit
the release of radionuclides to the accessible
environment, DOE has remained in consultation
with the EPA. DOE feels that the guidelines are
essentially compatible with these standards as
they are likely to appear in final form. If the
final EPA standards or future revisions of 10 CFR
60 contain incompatible provisions, the
guidelines will be revised as permitted by the
Act.

1.

Nomination of at least five sites as
suitable for site characterization.

2.

Recommendation of three sites for detailed
site characterization.

3.

Preparation of site-characterization plans,
including site-specific, quantitative
criteria derived directly from the
guidelines.

4.

Recommendation of one site for development
as a repository, with the final
environmental impact statement demonstrating
how the guidelines were used in the
comparative evaluation.

For the second repository, the four steps listed
above will be preceded by the process of
screening to find potentially acceptable sites.
SPECIFICITY
The DOE chose to develop qualitative guidelines
because generic qualitative guidelines are most
appropriate for comparing and evaluating sites in
different geohydrologic settings and host rocks.
This is especially true since the features of
each site must work together as a complete system.
It is also important to realize that the general
guidelines will be the basis for more
quantitative analyses in the later phases of
siting. The site-characterization plans to be
prepared before sinking a shaft at any candidate
site will include criteria, derived directly from
the guidelines, for determining the suitability
of each site. Furthermore, an important basis
for the final selection of a site will be the
detailed performance assessments, which will be
fully quantitative evaluations of the ability of
the site to meet the system guidelines, which
will be explained below.
STRUCTURE
To clarify the application of the guidelines, the
relative importance of individual conditions, and
the relationship between system and technical
guidelines. The guidelines were restructured
according to the format used in the alternative
guidelines. The guidelines are presented in
three major categories: implementation
guidelines, postclosure guidelines, and
preclosure guidelines.

APPLICATION OF THE GUIDELINES
The Act specifies various steps the Department is
to follow in selecting a site for the first and
the second repositories. The first two steps for
the first repository have already been
completed: identification of states with
potentially accept ''.ile sites and notification of
states or affected Indian tribes of the
potentially acceptable sites within their
borders. DOE has identified nine such sites.
The screening for these sites was completed
before the Act was passed, and it is clear that
the Act did not intend us to revisit these
screening decisions, which were based on criteria
very similar to the guidelines. Thus, for the
first

The implementation guidelines govern the
application of all other guidelines. They
establish general rules to be followed during
site screening, nomination, recommendation for
characterization, and recommendation for
repository development.
The postclosure
conditions that
of a repository
and it has been
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guidelines govern the site
deal with the long-term behavior
after the waste has been emplaced
closed. It is these

considerations that are the most important for
ensuring the long-term protection of the health
and safety of the public, and the quality of the
environment. Therefore, the guidelines assign
primary importance to these conditions.

guidelines. Those specifications require
analyses of the repository system, and data for
such analyses will be available only after site
characterization. Before site characterization,
however, comparative evaluations of sites will
reveal their relative potential to meet the
qualifying conditions.

The preclosure guidelines govern the site
conditions that deal with the construction and
operation of the repository. They are important
for protecting the health and safety of
repository workers and the public during the
preclosure phase. They are also important in
protecting the quality of the environment, and in
mitigating socioeconoraic impacts, because most of
the environmental and socioeconomic effects will
take place during repository construction and
operation. However, because these conditions
apply primarily to the short-term performance of
the repository system, they are assigned
secondary importance.

Disqualifying conditions are specified for the
guidelines for geohydrology, erosion,
dissolution, natural resources, population
density, environmental quality, and rock
characteristics. Each disqualifying condition
describes a condition that is considered so
adverse as to constitute sufficient evidence that
a site is disqualified (that is, neither the
associated technical guideline nor the overall
system guideline could be satisfied). The
disqualifying conditions frequently pertain to
conditions whose presence or absence may be
verifiable without extensive data gathering or
complex analysis.

The purpose of separating the postclosure and
preclosure guidelines is to clarify the roles
played by these guidelines. This separation is
also consistent with the structure of the
proposed EPA standards, which establish different
radiological-safety objectives for the
postclosure and preclosure periods, and the NRC
criteria, which are similarly separated.

The favorable and potentially adverse conditions
are directed at conditions that, if present,
would be significant in a complete assessment of
performance. Although favorable conditions need
not exist for a site to be qualified, their
existence leads to an expectation that subsequent
evaluations will yield enhanced confidence in a
site's suitability. Similarly, the existence of
potentially adverse conditions provides an early
indication of situations that must be examined
carefully, including the effects of other,
possibly compensatory, conditions present at a
site. Thus, a site that has many of the
favorable conditions may be presumed likely to
meet the system guidelines, while a site with
many potentially adverse conditions may be
presumed likely not to meet them.

Both the postclosure and the preclosure
guidelines are subdivided into system and
technical guidelines. The system guidelines
define the general requirements for the
performance of the repository system as a whole;
they provide an overall measure of the site's
ability to isolate radioactivity. These
requirements are based on applicable regulatory
standards. The system guidelines are the
ultimate standard for determining site
suitability and are the basis for the technical
guidelines.
Each technical guideline focuses on a
site-dependent factor contributing to system
performance and thereby to compliance with the
related system guideline. The technical
guidelines specify conditions that would qualify
and disqualify sites. They also specify
conditions that would be considered favorable or
potentially adverse when encountered either in
broad regions (during screening) or at distinct
sites. An example can be seen in the postclosure
guideline for dissolution, which contains a
qualifying condition, a favorable condition, a
potentially adverse condition, and a
disqualifying condition.

The technical guidelines in both the postclosure
and the preclosure sections are subdivided into
separate categories. The postclosure guidelines
are organized into two categories. The first
category pertains to the characteristics and
processes that would be expected to affect the
performance of a repository, and consists of
guidelines for geohydrology, geochemistry, and
rock characteristics. The second category
pertains to processes and events that, though not
expected, might disrupt the repository; it
consists of guidelines for climatic changes,
erosion, dissolution, tectonics and human
interference. Since the methods for evaluating
these two types of concerns differ, their
separation removes some ambiguity about how
compliance with each guideline will be evaluated.

A qualifying condition is specified for each
guideline. Taken together, the qualifying
conditions are the minimum conditions for site
qualification. A site will be qualified if it
meets all of the qualifying conditions, no single
qualifying condition is sufficient to qualify a
site. A site will be disqualified if it fails to
meet a qualifying condition. Failure to meet a
qualifying condition will usually be determined
only after site characterization because
qualifying conditions must generally be stated in
terms of specifications governed by system

The preclosure guidelines are grouped into three
categories, including three system guidelines
which separately address Preclosure Radiological
Safety; Environmental Impacts, Socioeconomic
Impacts, and Transportation; and the Ease and
Cost of Repository Construction, Operation, and
Closure. The preclosure guidelines consist of
guidelines for population density and
distribution, site ownership and control,
meteorology, offsite installations and
operations,.environmental quality, socioeconomic
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impacts, transportation, surface characteristics,
rock characteristics, hydrology, and tectonics.
These categories are evaluated by different
techniques, and the separation is intended to
facilitate their application and to indicate
their relative order of importance.
In summary, a site is suitable for repository
development if it meets the system guidelines and
unsuitable if it does not. However, complete
assessments of system performance cannot be made
before site characterization. Before site
characterization, technical guidelines will be
used to make judgments about whether a site will,
after site characterization, be shown to comply
with the system guidelines. The favorable and
potentially adverse conditions can be used as
surrogate measures to evaluate, approximately,
the compliance of a site with the technical
guidelines, and, by extension, with the system
guidelines.

All in all, these final guidelines reflect the
requirements of applicable Federal laws and
regulations, the previous criteria of the NUTS
program, and the issues raised during public
comments and state/agency consultation. Because
of the variety of requirements that the
guidelines must meet, the wfde range of comments
received, the diversity of opinions expressed,
»nd DOE's overall responsibility for preparing
guidelines that best represent national
interests, it has not been possible to
accommodate each specific comment and concern.
However, we believe that the final guidelines
fulfill the requirements of the Act while
accommodating public, state, and agency concerns
to the greatest extent possible.
The final siting guidelines are currently being
reviewed by the Nuclear Regulatory Commission. A
hearing for public comment on the guidelines
before the Commission has been set for January
11, 1984. Following this hearing, the Commission
will announce its preliminary decision on its
concurrence, and will allow a period of public
comment before announcing its final decision on
concurrence.

The organization of the guidelines, therefore, is
intended to make clear how they can be used as
standards for approximating suitability. The
process will culminate when enough data are
available to establish whether the system
guidelines are met.

When the NRC gives its concurrence and the
guidelines are published for use in the siting
program, the guideline-development process, which
started very nearly a year ago, will come to an
end. An important part of this process was the
consultation held with the interested States and
agencies, which was more Intensive than any
previous consultation. Both the members of the
task force and State and agency officials were
asked to meet stringent deadlines in preparing
and reviewing the various versions of the
guidelines. We believe that this joint effort
has resulted in a product of improved quality,
and we are grateful to all those who participated
in the effort.

RELIANCE ON ENGINEERED BARRIERS
Both the NRC and the EPA regulations are based on
the principle of using multiple barriers to
compensate for uncertainties in performance and
to protect against disruptive events and
processes. The multiple barriers consist of both
natural system components (i.e., the host rock,
hydrologic conditions, and geochemical
conditions) and engineered components (i.e.,
long-lived waste packages and repository seals).
Consequently, the system guideline considers the
combined performance of both the natural and the
engineered systems. However, DOE considers
engineered barriers to be secondary to the
natural system with respect to long-term
isolation. The postclosure guidelines are
therefore premised explicitly on the primacy of
natural barriers, and site evaluations will
consider engineered barriers only to the extent
necessary to meet the minimum performance
requirements specified by 10 CFR 60.
OTHER ISSUES
To address the concern about impacts on local
populations, the population density guideline was
revised to retain the specific language of the
Act in population-linked disqualifies and to add
a requirement for emergency preparedness
programs. Similarly, in response to concerns
about environmental impacts, the environmental
quality guideline was expanded to encompass
significant state and Native American resources.
In response to concerns about the protection of
ground-water resources, both favorable and
potentially adverse conditions were added.
Finally, to satisfy widespread concerns about
waste transportation, a separate guideline was
developed.
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SITE SCREENING PROCESS AND IDENTIFICATION OF CANDIDATE
REPOSITORY HORIZONS ON THE HANFORD SITE
Donald J. Brown and Philip E. Long
Basalt Waste Isolation Project
Rockwell Hanford Operations
Rich!and, Washington
single, specific horizon. This study was completed in September 1983 (Ash 1983).

INTRODUCTION
Rockwell Hanford Operations, through the Basalt
Waste Isolation Project (BWIP), has been responsible within the National Waste Terminal Storage
Program for investigating the Hanford Site to
determine if a suitable location can be identified
for geologic isolation of coirmercial nuclear waste.
Two primary factors led to the selection of the
Hanford Site for exploration and screening to determine its suitability. First, the Hanford Site is
situated in the center of a region covered by one
of the largest (200,000'km2) area of basaltic rock
in the United States, the Columbia River Basalt
Group. Second, the Hanford Site is a federally
owned land tract that has been committed to nuclear
activities for over 35 yr (Comptroller General of
the United States 1979; Congressional Record—House
1979). EJecause of these two factors, the National
Waste Terminal Storage Program included the basalts
beneath the Hanford Site as one of the rock types
considered for potential siting of a nuclear waste
repository. Intensive studies have been conducted
since 1976 to determine the geologic and hydrologic
characteristics of the Hanford Site and surrounding
area (Fig. 1) to assess the feasibility of disposing of these high-level nuclear wastes in basalt
and provide the technology needed to design and
construct such a repository in basalt, should feasibility be proven (ARHCO 1976; Myers/Price et al.
1979; Gephart, et al. 1979; Smith, et al. 1980;
Myers and Price 1981).
In 1978, a site-screening study was initiated to^
narrow the Pasco Basin screening area (~l,600 mi^;
see Fig. 1) to a preferred candidate site, or
reference repository location (RRL), of ~18 mi2.
This study was completed in May 1981 (WCC 1981).
Analysis of borehole cores, borehole testing, geophysical data, and modeling was then completed
within the RRL to identify a site for a principal
borehole and exploratory shaft. The principal
borehole and Exploratory Shaft locations were selected in May 1982.

Fig. 1 Location of Hanford Site, southeastern
Washington State.
This paper reviews the basis for the selection of
the RRL, the site fo>- the principal borehole and
Exploratory Shaft, and the selection of the preferred candidate repository horizon.

In mid-1982, screening of the basalt strata underlying the RRL was initiated to identify one of the
basalt flows as a preferred candidate repository
horizon. Identification of a preferred candidate
repository horizon was necessary for performance
assessment, design studies, and planning for
in situ testing to proceed on the basis of a

IDENTIFICATION OF A REFERENCE
REPOSITORY LOCATION
Identification of Objectives and
Guideline Development
There were seven key assumptions guiding the
site identification study that were important
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For each of the objectives established, "considerations" or technical matters of concern were
identified to describe the subject matter that
must be addressed to orient the siting study toward
achievement of the objectives. The considerations
reflect characteristics, conditions, or processes
in the study area. An example of a consideration
related to a safety objective is fault rupture,
which must be addressed in the siting study to
assure meeting the safety objective. For each
consideration defined, a measure was selected or
developed to allow differentiation between areas
or localities in terms of the consideration.

in establishing the objectives and development of
screening guidelines. These assumptions are
restated as follows:
• The repository will require licensing involving
the Nuclear Regulatory Commission (NRC), other
federal agencies, and possibly state and local
entities.
• The design and operation of most surface
facilities will be governed by existing safety
and environmental licensing requirements.
t Nominal design and performance characteristics
for the repository have been established.

For some considerations, a special level of achievement was required or implied by statute, regulation,
technological limitations, or gross economic considerations. In these cases, a limit was established
for the appropriate measure. Using fault rupture
as an example, a measure may be stated as the distance from capable faults and those interpreted to
be capable. This measure provides a means of
assessing the degree to which a repository at any
location can achieve the objective of maximizing
safety in relation to fault rupture.

• The long-term safety-related characteristics of
the host rock system can be estimated and can
be used in the selection guidelines.
• The repository will be designed for two time
frames, a relatively short emplacement and
retrieval phase and a much longer isolation
phase.
• The site locality identification study will be
based on available data; siting guidelines will
be based on currently available technology.

The choice of measures for the considerations was
based on prior NRC licensing experience and relevant regulatory positions, on the availability of
data, and on the need to portray as many of the
measures as possible on maps. In many cases, the
measure was used as a proxy for the siting consideration or its associated effects. For example,
the ground motion consideration is measured in
miles; the motion itself is traditionally measured
in terms of acceleration. In this study, the range
of acceleration levels was inferred from a
magnitude-acceleration attenuation relationship,
and the magnitude was estimated from a fault
rupture length/magnitude relationship. On a map,
this consideration was portrayed as a distance (in
miles) from faults of different lengths, the distance representing a range of acceleration levels.

• The repository licensing requirements will be
written in the style of other nuclear fuel
cycle facilities.
On the basis of these assumptions, several objectives were established to reflect specific characteristics of the repository facilities, as well as
conditions and concerns with the study area. The
hierarchy of objectives provided the framework for
choosing and applying guidelines to identify site
localities. It was deduced from a proposed general statement of policy for licensing requirements for a repository issued by the NRC (NRC
1978) that to be accepted as suitable a site must
meet the following objectives:

• Maximize public health and safety in relation
to natural hazards, manmade hazards and events,
and repository-induced events.

The value of the measure at which the limit was
set was an "inclusionary" guideline. The limit
was used to identify locations that met the minimum
requirements for that consideration. In the fault
rupture example, it is generally accepted by the
scientific community that most effects of fault
rupture occur within 5 mi of the capable structure
(Bonilla 1967). In addition, it is generally considered difficult to accommodate in design for
fault rupture that occurs within 5 mi of a capable
structure. Hence, a limit was set on the measure
of the fault rupture consideration; in this case,
locations within 5 mi of capable faults were
removed from consideration in the siting study
because they failed to meet the minimum level of
achievement of the safety objective as expressed
in relation to the fault rupture consideration.

• Minimize adverse environmental and socioeconomic impact related to construction,
operation, and closure and surveillance.

For considerations where no specific level of
achievement was required, the measure itself was
used to identify groups of areas or localities

• Maximize public health and safety.
• Minimize adverse environmental and socioeconomic impact.
• Minimize cost necessary tc attain the requisite
levels of safety, as well as costs of
mitigation.
The objectives were then expanded and restated to
bear on conditions or events that could be associated with an underground repository:

• Minimize system costs related to construction
and impact mitigation, operation and maintenance, closure, decommissioning, and
surveillance.
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with similar characteristics. These guidelines
were called classifying guidelines.
The considerations, measures, and guidelines used
for the site locality identification study are
found in Woodward-Clyde Consultants (WCC 1980;
Vol. I, Appendix A) along with a detailed discussion of the background and rationale for selecting
the various measures and guidelines.

the subareas shown in Fig. 3 were identified.
These subareas were then carried into the next
step in the screening process to identify site
localities.

Identification of Site Localities
As part of the BWIP activities to systematically
assess the feasibility of constructing and operating a repository at the Hanford Site, a site
screening was done to identify a suitable locality.
The site screening work was done by WoodwardClyde Consultants. The Pasco Basin was selected
for screening to provide a broader scope from
which to study processes that might affect the
Hanford Site, and to determine whether there are
any apparent, obviously superior site localities
in a natural region outside, but contiguous to,
the Hanford Site.
The first step in screening the study area was to
define the candidate area. The considerations
used at this step were fault rupture, generation
of new faults, ground motion, aircraft impact,
transportation, operational radiation release,
protected ecological areas, culturally important
areas, and site preparation costs. The candidate
area defined by the composite overlay is shown in
Fig. 2.

Fig. 3 Subareas (unshaded).
Site localities were identified first through an
evaluation of the subareas. The evaluation of
subareas was conducted in two steps: (1) evaluation of subareas outside of the Hanford Site boundary and (2) evaluation of the subareas within the
Hanford Site boundary.
The first step was designed to determine whether
any apparent, obviously superior site localities
occur in the subareas outside the Hanford Site.
The results of this evaluation indicated that three
of the four subareas that were outside the Hanford
Site (L, M, and N in Fig. 3} were used for irrigated farming and were also in close proximity to
the Columbia River. The fourth subarea (designated
by the letter P in Fig. 3), in addition to being
used for irrigated farming, was an area where the
bedrock dip was ~5°; one of the baseline conditions
for the repository host rock was a flow dip of ~5o.
On the basis of land use, hydrology, and bedrock
dip, these sites were not obviously superior to
those found within the Hanford Site and, therefore,
no further consideration was given to these
subareas.

Fig. 2 Candidate area (outlined with shaded area).
The second step in the screening of the Pasco
Basin was to delineate subareas. Seven inclusionary considerations with more restrictive
measures were used in this screening step. When
the overlays depicting these seven guidelines
(fault rupture, flooding, ground failure, erosion
denudation, hazardous facilities, induced seismicity, and site preparation costs) were compiled,

The second step in the evaluation of subareas within the Hanford Site and prior to the identification of site localities was to study the available surface and subsurface areas separately and
to evaluate the impact of the surface versus the
subsurface screens. In all circumstances the subsurface considerations took precedence over the
surface considerations. If the subsurface screening showed obvious superiority, the surface screen
was downgraded.
The area resulting by combining the surface and
subsurface screens was believed to be more suitable and to have a higher likelihood of containing
suitable waste repository sites.

169

The general size of a site locality is <50 mi 2 and
>10 mi?; five site localities were identified.
These five site localities, designated H-l through
H-5 are shown in Fig. 4. The boundaries of the
three site localities south of Gable Mountain were
defined somewhat arbitrarily to maintain equal
size.

each locality that tended to maximize the desirable characteristics with regard to the parameters. Nine candidate sites were thus identified
within the site localities, lettered R through Z
in Fig. 5. Seven of the nine candidate sites
(R through X) lie in a group within the Cold Creek
syncline, a major structural feature of the Pasco
Basin. Two other candidate sites (Y and Z) lie
outside this structure.

Fig. 4 Site localities.
Identification and Ranking of
Candidate Sites
The initial step in identifying the RRL was to
identify candidate sites within the five site
localities. The size of a candidate site was
determined from repository baseline conditions
established at the beginningz of the screening
process. An area of ~10 mi was selected that
included surface and subsurface facilities and an
exclusion area buffer zone.
Fig. 5 Candidate sites on the Hanford Site.

The identification of candidate sites was based on
a selective and successive examination and evaluation of the range of conditions for 23 parameters
that reflect the objectives of the siting study.
Consideration was also given to established NRC
reactor siting criteria (NRC 1975), the Office of
Nuclear Waste Isolation draft site qualification
criteria (ONWI 1979), NRC draft repository criteria
(NRC 1980), and National Academy of Sciences guidelines (NAS 1978). The relationship of the Office
of Nuclear Waste Isolation generic repository criteria and the site-specific consideration used for
candidate site identification is given in two
Rockwell Hanford Operations documents (Rockwell
1980; 1981).

A review of site conditions showed that candidate
sites Y and Z, near the Columbia River, were not
technically superior to those in the Cold Creek
syncline, were closer to the Columbia River, and
were more distant from transportation, safety, and
support facilities. For these reasons, the two
candidate sites V and Z were removed from further
study.
The remaining seven contiguous candidate sites in
the Cold Creek syncline displayed geologic and
physical similarities throughout the siting
process. These sites were renamed A through G
(Fig. 6) and were then considered for further
evaluation to identify an RRl. However, because
the seven contiguous sites appeared to be so
closely matched, further evaluation of the Cold
Creek syncline would be based on a more detailed
study in the siting area. Results of the geologic
field work were subsequently summarized in Myers
and Price (1981).

To identify candidate sites, screening overlays
representing the range of conditions and area
affected by each parameter under consideration
were superimposed. The results of this overlay
process were used to identify the portion within
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Umtanum) interior, tiering within the host flow,
vegetative natural conmunities, unique microhabitats, and special species.
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Fig. 7 Ten candidate sites. The three superimposed candidate sites (H, J, and K) avoid prominent geophysical lineaments.

Because of the linear trends resulting from the
geophysical studies in the Cold Creek syncline
(Myers and Price 1981), it was considered
necessary to reevaluate the boundaries of the
seven candidate sites. For ease of comparison
with previous work, the original candidate site
boundaries (A through G) were maintained and three
additional candidate site boundaries were superimposed on portions of the original seven sites,
but outside of the influence of the more prominent
geophysical lineaments. These additional sites
were designated H, J, and K (Fig. 7).

For the purpose of the site screening process the
Umtanum flow was selected as the reference horizon
because it exhibited promising repository characteristics such as a relatively thick dense interior with low porosity (based on recovered core and
geophysical logs) and apparent lateral continuity
(Myers and Price 1981).
The site ranking was done using dominance analysis.
This was carried out by a siting committee formed
of technical representatives from Woodward-Clyde
Consultants and Rockwell Hanford Operations. The
key element of this step was the development of
measures for those ranking criteria that could be
used to differentiate the candidate sites. The
ranking criteria and their measures were derived
from a detailed evaluation of criteria and data
comprising the criteria matrix. Once the ranking
criteria were defined, they were applied to each
candidate site. The siting committee judged each
site utilizing available published and unpublished
data as outlined by the criteria matrix and their
own professional judgment. The favorable or
unfavorable consequence of each site in terms of.
the measures for each ranking criteria was then
established.

Preliminary evaluation of the ten candiate sites
(A through K) indicated that the sites were too
closely matched to be differentiated by routine
ranking. Application of a decision analysis process was required. To this end, an enlarged data
base was compiled, referred to as the criteria
matrix. The criteria matrix includes a description of physical, socioeconomic, and biological
conditions at the candidate sites using information available as of May 1980.
From a detailed evaluation of the criteria matrix,
ten ranking criteria were selected: bedrock fractures and faults, lineaments, potential earthquake
sources, groundwater traveltimes, contaminated
soil/contaminated groundwater/surface facilities,
thickness of the reference barrier (assumed to be
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conducted specifically[to identify the
preferred candidate repository horizon (see
below).

The next step of dominance analysis was the determination of preference for a series of consequences.
This became necessary because there were a number
of criteria and alternative variations, and a
simple dominance analysis was too difficult to
perform. Ordinal dominance analysis was used to
proceed with ranking.
Ordinal dominance analysis allows the assessment
of trade-offs to determine the relative importance
of the measures used in differentiating among candidate sites. Trade-offs were assessed by the siting
committee. They were examined in two ways: First,
given a hypothetical site with all the criteria at
the most desirable levels and given that one criterion had to be changed to Its least desirable
level, which one would be changed? The criterion
selected for this question had the least weight.
The question was then repeated progressively until
all criteria were ranked.
The second way of assessing trade-offs required
the determination of how much one was willing to
give up from one criterion to enhance a second
criterion. This rank ordering should agree with
the first method.
The final step was synthesizing the information
for ranking. This step merely involved the siting
committee's discussion and evaluation of all sites
with respect to the ranking criteria, site characteristics, and analysis method.
The results of the ordinal dominance analysis are
shown in Table 1. The additive numerical functions
were determined based on the site-ranking-value
terms. The results of the ranking show that site H
is dominant over all other sites. Site A, which
is almost totally included within site H, has about
the same dominance numerial value (0.834 and 0.860,
respectively). These two sites were combined to
form the RRL (Fig. 8 ) . Site J was determined to
be the alternate repository location.
Table 1 Ordinal dominance analysis results.
Candidate
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Because of the heavy weighting of the lineament
and thickness criteria, the substitution of a thick
Grande Ronde Basalt flow other than the Umtanum as
the reference horizon would not be expected to
alter the results of this screening. Such a substitution has been made as the result of a study

Fig. 8 Location of the reference repository location and alternate repository location.
IDENTIFICATION OF PRINCIPAL BOREHOLE SITE
AND EXPLORATORY SHAFT SITE
With the identification of the A-H site as the
RRL, the BWIP in conjunction with the BWIP
Architect-Engineer, Raymond Kaiser Engineers
Inc./Parsons Brinckerhoff Quade & Douglas, Inc.,
met to locate a proposed site for a principal
borehole for an exploratory shaft.
The limited information available from the RRL
required that six shallow boreholes (designated by
an RRL- prefix in Fig. 9) be drilled to evaluate
the overall dip of the basalt units. The results
indicated an overall dip of <1° across the RRL.
The axis of the Cold Creek syncline was also
determined more precisely. Figure 9 is a contour
map of the top of basalt beneath the RRL and shows
the location of boreholes drilled for
characterization.
To enable selection of a specific location for
construction of a principal borehole for an
exploratory shaft, exclusion-area criteria were
developed to aid in the selection of a specific
location. These criteria are land use, surface
contamination, groundwater contamination, and
Exploratory Shaft and repository orientation.
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focus was based on a progressive accumulation and
analysis of technical data starting as early as
1968. As the BWIP moved toward construction of an
exploratory shaft, it became increasingly apparent
that the actual identification of the horizon or
flow in which shaft breakout would occur should be
subject to more rigorous analysis, similar to the
decision analysis technique utilized to identify
the RRL. A decision analysis methodology (Keeney
and Raiffa 1976) was used to provide a quantitative
approach for utilizing available data and expert
judgment to identify the preferred horizon. Four
steps were used to guide the implementation of
this methodology: (1) structure the analysis;
(2) describe the consequences for each alternative
candidate repository horizon; (3) assess the preferences; and (4) rank the alternative candidate
repository horizons.

ALL CONTOURS ARE IN FEET. TO CONVERT TO METERS. MULTIPLY BY 0.3048
RCP8107 209A

Fig. 9 Top-of-basalt contours in the reference
repository location.
A composite overlay of the RRL is shown in
Fig. 10, which is the result of screening of land
use considerations, surface contamination,
groundwater contamination, and Exploratory Shaft
setback requirements. This composite shows that
the area remaining for consideration is in Sections 2, 3, 10, and 11 in the western half of the
RRL. Within this area, adequate space exists for
location of the Exploratory Shaft and repository
area. The location of the principal borehole was
selected near the intersection of these sections
at the site of an existing borehole, RRL-2. This
borehole had been cored to a depth of -1,700 ft
and was suitable for deepening to 3,860 ft as the
principal borehole for the Exploratory Shaft.

The purpose of the analysis was to identify a preferred candidate repository horizon within the RRL
for a nuclear waste repository. It was recognized
throughout the study that new data resulting from
ongoing site characterization activities could
conceivably alter the outcome of the study. This
is particularly true in the area of geohydrology,
where there is considerable debate regarding groundwater flow characteristics of the site. Thus, the
preferred candidate repository horizon identified
at this point in time is subject to revision as a
result of acquisition and analysis of new data.
In identifying the alternatives to be ranked, all
stratigraphic horizons beneath the RRL shallower
than ~l,200 m deep were possible alternatives. A
screening process was used to focus study on those
horizons with higher potential for meeting the
objectives of a nuclear waste repository in basalt.
The screening process was designed to systematically select a relatively small manageable number
of flows for detailed consideration in ranking.
This process was conducted by applying screening
criteria to each potential alternative, followed
by consideration of professional judgment as to
whether flows should be retained as candidates.
The screening criteria were as follows: (1) exclude sedimentary interbeds and sediments overlying
the basalt from further consideration; (2) exclude
flows with minimum thickness of dense interior
(the relatively impermeable, dense middle part of
a flow) <24 m; and (3) exclude flows above the
deepest tapped aquifer within 10 km of the proposed
repository.
Application of these three criteria resulted in
identification of five flows as candidate repository horizons: (1) Frenchman Springs flow 6,
(2) Rocky Coulee flow, (3) Cohassett flow,
(4) McCoy Canyon flow, and (5) Umtanum flow. The
Frenchman Springs flow 6 passed the three formal
screening criteria but was excluded as a candidate
based on professional judgment because of its
occurrence in a formation with relatively high
hydraulic conductivity of flow tops, its relatively high stratigraphic position, and lesser
confidence in its stratigraphic correlation and

Fig. 10 Composite overlay showing suitable areas
for siting with the reference repository location
(unshaded areas within the A-H site).
IDENTIFICATION OF PREFERRED CANDIDATE
REPOSITORY HORIZON
Identification of Alternatives to
be Ranked
"
During the initial phases of the BWIP,
geotechnical and engineering studies focused on
the Umtanum flow as the reference horizon. This
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continuity relative to the other candidates. The
stratigraphic positions of the four candidate repository horizons are shown in Fig. 11.
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top of the Umtanum and (2) the shorter vertical
distance from the shallowest horizon (Rocky
Coulee) to overlying zones of relatively high
hydraulic conductivity in the Wanapum Basalts.
For other hydraulic properties, such as hydraulic
head, porosity, dispersivity, and hydrochemistry,
are similar for the four flows, or insufficient
data exist to make a comparison.
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Among the four candidate repository horizons, the
principal differences that may affect the waste
package are temperature and pressure. The temperature differences among horizons are not
expected to significantly impact the waste package
design. However, the respective hydrostatic pressures of the candidate repository horizons will
alter the canister wall thickness required for
mechanical integrity.
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The rock mechanics characteristics considered were
in situ stress, uniaxial compressive strength,
thermal conductivity, and rock mass classification.The maximum in situ stress from hydrofracture
measurements in the RRL is in the horizontal plane
and oriented from due north to~N. 8° W. The
ratio of horizontal to vertical stress in RRL-2 is
~2.2 to 2.7. It is recognized that relatively
large uncertainties are associated with stress
measurements obtained by the hydrofracturing
technique and in situ stress was not determined
for all candidate horizons in RRL-2.
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Available data on uniaxial compressive strength,
thermal conductivity, and rock mass classification
for all four candidate horizons were so similar
that they did not form a basis for distinguishing
between flows.

y
/
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Fig. 11 General stratigraphy of the reference
repository location showing position of the candidate repository horizons. Depths are from borehole
RRL-2.
The technical data compiled for identification of
the preferred candidate repository horizons represent all data and interpretations on the candidate
horizons available in mid-1983 (Ash 1983). These
data were collected under field and laboratory
conditions and encompass current knowledge of BWIP
geology, geohydrology, waste package environment,
rock mechanics, waste package and repository design,
and performance assessment.
Based on available data, the major geologic differences among the four candidate repository horizons
are (1) the depth of the flows below ground surface,
(2) thickness of dense interior of the flows, and
(3) the character and predictability of internal
structures. Other geologic characteristics did
not appear to distinguish between the flows, based
on currently available data.
Available geohydrologic information indicates that
the principal hydrologic differences among the
candidate repository horizons are (1) zones of
relatively high hydraulic conductivity in the flow

From the standpoint of construction cost and
schedule, there was a distinct benefit to constructing the repository at the shallower candidate repository horizons versus the deeper ones.
Construction of the repository in the Umtanum flow
would be the most costly (~$4 billion). The estimated rough-order-of-magnitude cost savings
between the Umtanum and Rocky Coulee flows is
~$290 million; between the Umtanum and the
Cohassett flows is ~$210 million; and between the
McCoy Canyon flow and the Umtanum is ~$80 million.
Technological risks are less for the higher flows,
and they provide a more hospitable operating
environment due to their lower temperature.
A preliminary performance assessment was conducted
to compare the four candidate repository horizons
to each other. For comparison purposes, the cumulative activity of ™ 9 i crossing a vertical boundary at 1.6 km from the edge of a repository over
10,000 yr was calculated for each candidate horizon. The results, expressed in curies per
1,000 tonnes of heavy metal, are:
C1/1,000 metric
tonnes of heavy
metal
Rocky Coulee
Cohassett
McCoy Canyon
Umtanum
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0.001
0.0001
0.10
1.0

These estimates of radionuclide transport are preliminary and are thus suitable for comparison purposes only. They w i l l be modified in the future
to reflect new hydrologic data and revised conceptual models of radionuclide transport and groundwater flow.

costs. These objectives provided guidance in
developing the set of ranking measures. The eight
measures related to repository performance, constructibility, and costs developed for use in ranking are:
•

The results of preliminary analysis of groundwater
median traveltimes along the fastest pathline to a
vertical boundary (10 km from the edge of the proposed repository) are given below in stratigraphic
order:

Performance-Related Measures
-

Cumulative releases of 129i across a vertical
boundary at 1.6 km over 10,000 yr

-

Groundwater traveltime from the repository
to the accessible environment along the fastest pathl ine

-

Vertical distance between the 1.0 maximumpermissible-concentration plume for 129l and
the base of the Priest Rapids Member after
10,000 yr

• Rocky Coulee flow (38,000 yr)
• Cohassett flow (64,000 yr)
• McCoy Canyon flow (34,000 yr)
• Umtanum (36,000 yr).

•

The calculated median traveltimes are useful only
for comparative purposes because they reflect a
limited hydrologic data base and a simplified conceptual model.
Another distinction amoung the four candidate horizons is the distance between a given radionuclide
concentration level in the dispersal plume and
selected overlying aquifers. For comparison purposes, the positions of the maximum permissible
concentration of 1 Z 9 I in the dispersal plume at
10,000 yr with respect to the base of the Priest
Rapids Member are given as follows:
Rocky Coulee
Cohassett
McCoy Canyon
llmtanum

285 m
335 m
460 m
510 m

These values can be viewed as representing a relative safety factor against radionuclide contamination of the Priest Rapids Member. The base of the
Priest Rapids Member is used solely for purposes
of comparison; another stratigraphic datum, such
as the Vantage interbed or even the upper contact
of the Rocky Coulee flow, might well have been
chosen. The significant aspect of these data is
that they provide a consistent relative comparison
of the depth to which radionuclides could be confined in each of the candidate repository horizons.
As with the other estimates of repository performance, these data are preliminary and will be
reexamined in the future in the light of new hydrologic data and conceptual models.
Application of Decision Analysis to the
Candidate Repository Horizons
Once the candidate repository horizons were identified and available data for them compiled, it was
possible to proceed with development of a set of
measures for ranking the four candidate horizons.
This development was done principally by a multidisciplinary study team. The team considered ranking objectives that articulated concerns related
to maximizing the suitability of a candidate repository horizon. The principal ranking objectives
were: (1) maximize repository performance;
(2) maximize constructibility; and (3) minimize
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•

Construction-Related Measures
-

Mean thickness of dense interior
(constructibility)

-

Minimum thickness of dense interior
(variability-predictability)

-

Mean percent of the dense interior exhibiting
vesiculation

Cost-Related Measures
-

Savings in construction costs relative to
the Umtanum flow

-

Savings in construction schedule relative to
the Umtanum flow.

The next step in the decision analysis was to
assign the appropriate numerical level for each
ranking measure for each candidate repository horizon.
The numerical estimates were used as the
basis for ranking the alternatives. The assignment
of numerical levels was done in two evaluations:
the f i r s t was deterministic, using single numbers
as the levels of the ranking measures; the second
was probabilistic and used probability distributions to describe the levels of the ranking measures. The probabilistic evaluation quantitatively described the uncertainties in the levels
assigned to the ranking measures. The uncertainties for each measure level were derived either
from the technical data available (Ash 1983) or by
structured interview techniques with Rockwell
Hanford Operations scientists and engineers.
The assignment of numerical levels for each ranking
measure for each alternative horizon indicated
that none of the candidate repository horizons was
obviously superior on all ranking measures. The
next step in the decision analysis was to assess
the preferences and develop trade-offs between the
ranking measures that established the relative
importance of each measure.
Trade-offs were developed by the multidisciplinary
study team in structured group and individual

modeling results, prevents significant
contamination of overlying relatively high
permeability zones in the Wanapum and Saddle
Mountains Basalts. Vertical confinement thus
appears adequate. Consequently the other two
performance comparisons (radionuclide release and
groundwater traveltime, for which the Cohassett
shows better performance than the other candidate
horizons) apparently offset its lesser performance
on vertical confinement. This result could change
if modeling assumptions or characteristics are
changed in the light of new data or different
conceptual models of groundwater flow; but at the
present time, there are no compelling reasons to
recommend one of the deeper horizons.

meetings with decision analysts from WoodwardClyde Consultants, Team members were asked specific questions regarding their preferences for one
measure level versus another over the range of
levels covered by all four candidate repository
horizons. These preferences were then combined to
calculate scaling constants for each measure that
consistently relate one measure to another and
reflect both the relative importance and the range
of values for each measure.
The last step in the decision analysis was to compute the expected utility of the four candidate
repository horizons from the information
developed. Two sets of expected utilities were
computed: one using the deterministic ranking
measure levels and one using the probability
distribution developed for the ranking measure
levels.

DETERMINISTIC CASE

The overall result of the ranking of the four
candidate repository horizons was that the
Cohassett flow ranks the highest under both the
deterministic and the probabilistic cases
(Fig. 12). In the deterministic case, the Rocky
Coulee, McCoy Canyon, and Unrtanum flows all rank
closely. In the probabilistic case, there was a
distinct difference in the ranking of the flows.
It is considered that, the probabilistic ranking
best represents the comparison of the horizons.
In addition, the Cohassett flow ranks highest
under a variety of assumptions about the relative
importance of the ranking measures. For any of
"the other candidates to rank highest, almost all
the importance would have to be placed on either
the plume depth or cost measures, the two measurPG
on which the Cohassett does not rank highest.
Moreover, the highest rank, for the Cohassett is
not sensitive to wide variations in levels of the
measures. If the percentage oft Cohassett flow
interior exhibiting vesicles was much higher (20%
instead of 03!), the H o w would still rank highest;
or if the flow's radionuclide plume depth was
closer to the Priest Rapids Member (200 m instead
of 335 m ) , it would still rank highest.

Q
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PROBABUSTIC CASE

Application of Expert Jisdgnent to
the Candidate Repository Horizons
Assessment of the candidate repository horizons by
expert judgment was based on the technical data
available (Ash 1983) and was conducted informally
by members of the Department of Energy-Rich!and
Operations Office EWIP Overview Committee and
their consultants (Bartlett 1983) in conjunction
with the BWIP staff. The assessment presupposed
identification of the four candidate repository
horizons and was mainly deductive.
Fig. 12 Comparison of results of ranking of the
candidate repository horizons for both the deterministic and the probabilistic cases.

The principal conclusion from this review is that
the Cohassett flow, with few exceptions, has characteristics that appear to be more favorable for a
repository than those of the other candidate
repository horizons. The main exception is that
the Cohassett flow, because of its strati graphic
position, does not confine radionuclides to as
great a depth as the McCoy Canyon or Umtanum
flows. However, the Cohassett flow still provides
vertical confinement that, based on preliminary

In summary, based on the currently recognized differences among the candidate repository horizons,
application of expert judgment clearly identifies
the Cohassett as the preferred candidate
repository horizon. This result corroborates the
result obtained using the decision analysis
approach. "
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On the basis of both decision analysis and expert
judgment, i t was recommended that the Cohassett
f l o w be i d e n t i f i e d as the preferred candidate
r e p o s i t o r y horizon a t t h i s time. I t i s recognized,
as stated above, t h a t the s e l e c t i o n of the pref e r r e d candidate horizon i s subject to review and
r e v i s i o n as new data are acquired and analyzed.
On the basis of c u r r e n t l y available i n f o r m a t i o n ,
a l l four candidate horizons i d e n t i f i e d through
t h i s study are considered t o be s u i t a b l e candidate
r e p o s i t o r y horizons.
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IMPLEMENTATION OF DOE'S SITING GUIDELINES BY
THE NEVADA NUCLEAR WASTE STORAGE INVESTIGATIONS
Scott Sinnock
Nevada Nuclear Waste Storage Investigation Performance Assessments Division
Sandia National Laboratories
Albuquerque, New Mexico

The Nuclear Waste Policy Act of 1982 (the Act)
(U.S. Congress, 1983) requires the Department of
Energy (DOE) to develop and use siting guidelines
for the recommendation of sites for development
as underground repositories for the permanent
disposal of high-level nuclear incorporated and
expanded upon this mandate in the process of
developing such guidelines as 10 CFR Part 960
during the past year (DOE, 1983). An
implementation section of these guidelines
(Subpart B) requires their application throughout
a siting process composed of four distinct
phases: (1) screening for potentially acceptable
sites, (2) nomination of sites as suitable for
characterization, (3) recommendation of sites as
suitable for characterization, and (4)
recommendation of sites for development of a
repository. Currently the guidelines are being
reviewed by the Nuclear Regulatory Commission
(NRC) for its concurrence, as required by the Act.
Pending such concurrence, the Nevada Nuclear
Waste Storage Investigations (NNWSI), a DOE
project charged with assessing the suitability of
the Nevada Test Site (NTS) and nearby areas for a
repository, will base current siting activities
on the November 18, 1983, version by the NNWSI
identifying a preferred site for continuing
consideration (Sinnock and Fernandez, 1982J.
;
This site is Yucca Mountain, a series of large
fault blocks composed of a thick sequence of
tilted volcanic tuff located along the southwest
border of the Nuclear Terminal Storage (NTS.)
The Act does not intend that the guidelines be
applied to any siting activities conducted before
the Act was issued. Accordingly, the DOE
considers the identification of Yucca Mountain a
part of site screening conducted prior to the Act
and thus not intended for revisitation under the
guidelines. Therefore, this paper outlines the
present understanding of the NNWSI project about
when and h e the guidelines will be applied to
Yucca Mountain throughout the remaining siting
activities leading to recommendation of a site
for development as a repository, assuming that
Yucca Mountain remains a viable candidate. The
rest of the paper is organized into three
sections addressing, in order: the phases of
guidelines application to Yucca Mountain and the
associated documentation; an administrative
framework for applying the guidelines during site
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Nomination; and a technical framework for the
same. Discussion of the administrative and
technical frameworks under which the guidelines
will be applied is limited to the site-nomination
phase because the details of subsequent
applications have not been established.
PHASES OF GUIDELINE APPLICATION
The NNWSI project is""currently assessing the
suitability of Yucca Mountain in anticipation
that Yucca Mountain will be one of at lease five
sites nominated as suitable for site
characterization. If Yucca Mountain is
nominated, the results will be documented in an
environmental assessment to be issued in support
of the nomination in accordance with the Act.
The environment assessment will include a chapter
detailing the conclusions of the NNWSI, based on
existing information describing how well Yucca
Mountain might be expected to satisfy, after site
characterization, each of the system and
technical guidelines listed in Subparts C and D
of 10 Code of Federal Regulations Part 960 (10
CFR 960). The environmental assessment will
contain other chapters describing the decision
process that led Yucca Mountain, and the expected
environmental impacts, from site characterization
and repository development . A concluding
chapter will compare all nominated sites for each
system and technical guidelines. After release
of the final environmental assessment for each
nominated site, the Secretary of Energy will
recommend to the President three of these sites
for characterization, including the sinking of
exploratory shafts. As specified in Subpart B of
the guidelines, these recommendations will
consider an order of preference for all the
nominated sites. For the purpose of
recommendation, the site comparison based on each
guideline in the environmental assessments will
be revisited to help establish the order of
preference in compliance with the implementation
guideline that calls for assigning primary
importance to postclosure guidelines (Subpart C)
and secondary importance to preclosure guidelines
(Subpart D ) . Additionally, within the
postclosure guidelines, more importance will be
given to site characteristics and processes
affecting expected repository performance than to
potentially disruptive processes and events.

Similarly, for the preclosure guidelines, more
importance will be given to the technical
guidelines addressing, in order, radiological
safety; environmental, socioeconomic, and
transportation concerns; and the ease and cost of
repository construction, operation, and closure.
The order of preference of the nominated sites
will also consider the implementation guidelines
in Subpart B for a diversity of host rocks and
geohydrologic settings from which to choose a
single site for repository development. The
. results of the site comparison based on an order
of preference may be documented in some type of a
site recommendation report.

be prepared by the NNWSI. Because the data and
analyses for Yucca Mountain are provided by
several national laboratories, Federal agencies,
and other contractors, a NNWSI steering committee
was formed to coordinate the contributions of
each of these groups in preparation for the
environmental assessment. This steering
committee has at least one member representing
each organization responsible for evaluating
Yucca Mountain with respect to various guidelines
(Table 1). Individual sections of the
environmental assessment will be written by
members of several working groups under the
general auspices of the steering committee.
These working groups will distribute the burden
of preparing the environmental assessment among
the many individual participants within the NNWSI
by involving the appropriate technical experts
for assessing the conditions at Yucca Mountain
addressed by each guideline (Table 2 ) .

If Yucca Mountain is recommended for site
characterization, but before an exploratory shaft
is started, a site characterization plan will be
issued as required by the Act and by the NRC 's
Administrative rule governing disposal of
high-level nuclear wastes (NRC, 1981). This plan
will contain criteria to be used to determine,
after site characterization, whether Yucca
Mountain is suitahle for the location of a
repository. These criteria are required by the
Act and are to be developed pursuant to the
guidelines.

The NNWSI w'll coordinate preparation for the
environmental assessment for Yucca Mountain with
those for other nominated sites through
representation on an environmental assessment
steering committee for the national program.
This national steering committee will ensure that
the environmental assessments use appropriate
common assumptions that will allow meaningful
site comparisons to be made. This committee also
will prepare the chapters of the environmental
assessments that are common for all the nominated
sites. These chapters will des'rrfbe the national
process used to identify the five or more sites
to be nominated and the comparison of these sites
under each guidelines.

After site characterization, the Department of
Energy will use the guidelines once again to
carry out the final phase of the siting process
for a repository, site selection, and
recommendation for repository development. If
Yucca Mountain is still a candidate at that time,
it will be evaluated with respect to the system
and technical guidelines in light of the
information gathered during site
characterization. In accordance with the
implementation guidelines, it also will be
compared with the other characterized sites in a
manner similar to that described above for the
site recommendation process prior to
characterization. Though the details of how the
guidelines will be applied at that time have not
been determined, the results of their application
will be contained in an environmental impact
statement prepared to support the site selection
decision. If the recommended site is approved by
the President, the host State, and host Indian
tribe (if applicable), an application for a
construction authorization will be submitted to
the NRC by the Secretary of Energy. The
application may use the guidelines, for example
in a safety analysis report, though such a use is
not certain at this time.

TECHNICAL FRAMEWORK
The system guidelines set forth broad objectives
for the protection of public health and safety,
environmental protection, socioeconomic
suitability, and construction feasibility and
costs. The basis for determining whether Yucca
Mountain complies with each system guideline will
be a consideration of (1) a qualitative
discussion of the predicted system performance
relative to proposed regulations of the
Environmental Protection Agency (EPA, 1982) and
final technical criteria of the Nuclear
Regulatory Commission {NRC, 1983), and (2) a
qualitative discussion of the expected degree of
compliance with each of the pertinent technical
guidelines. The technical guidelines list
qualifying, potentially adverse, and
disqualifying conditions for specific site
conditions relevant to evaluating site
performance with respect to the system
guidelines. Determining compliance with each
technical guidelines will be based on the
available data and consideration, on balance, of
the favorable and potentially adverse conditions
identified at Yucca Mountain for that guidelines.

In summary, if Yucca Mountain remains a viable
candidate for a repository throughout the siting
process, the NNWSI will apply the guidelines in
evaluating Yucca Mountain for site nomination,
site recommendation for characterization, and
site recommendation for repository development.
ADMINISTRATIVE FRAMEWORK

The NNWSI will address each guidelines
quantitatively or qualitatively, as appropriate,
given the context of the guideline and the
existing information about relevant site
conditions at Yucca Mountain. Orly some of the
guidelines call for quantitative measures of

'The NNWSI project has developed an administrative
framework for applying the guidelines to Yucca
Mountain during the site nomination process.
This framework will ensure timely completion of
the portions of the environmental assessment to
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the Federal regulations is to eventually require
the quantitative prediction of radioactive
effluents from repository facilities under both
normal and accident conditions. The preclosure
guideline for transportation requires compliance
with applicable Federal and consistent State
regulations for the transportation of nuclear
materials. Therefore, the system guideline also
cails for qualitative predictions of the
radiogenic hazards associated with the
transportation of the waste to the site,
finally, a disqualifying condition of the
transportation of the waste to the site.
Finally, a disqualifying condition of the
technical guideline for population density and
distribution specifies a maximum allowable
density of 1000 people in any 1-mile-square area
adjacent to the surface facilities.

compliance. These are all of the qualifying
conditions and one disqualifying condition for
the postclosure guidelines (Subpart C), and all
the qualifying conditions and one disqualifying
condition for the set of preclosure guidelines
(Subpart D) addressing radiological safety and
transportation. The preclosure guidelines
dealing with the environment, socioeconomics, and
construction are presented in a contest that
requires qualitative assessments of compliance.
The qualitative requirements for the postclosure
guidelines are completely contained in the system
guideline and one disqualifying condition of the
technical guidelines. The system guideline calls
for compliance with the regulatory standards of
the NRC and the Environmental Protection Agency
(EPA). The EPA regulations, in turn, require
that predicted cumulative releases of
radioactivity, expressed in curies, to the
accessible environment caused by disposal of
nuclear wastes remain within specified limits for
10,000 years (EPA, 1983). Two sets of allowable
releases are contained in EPA's rule, one for
reasonable foreseeable releases and the other for
very unlikely releases. The postclosure
guidelines are similarly separated into two sets
dealing with expected site characteristics and
processes and potentially disruptive processes
and events. It is assumed that a separate
quantitative standard for allowable releases
eventually will be used to assess compliance with
each of these sets of postclosure guidelines.
Thr. NRC's rule incorporates the requirements of
the EPA, assuming they are published as a final
rule, and adds quantitative standards for: (1) a
minimum ground-water travel time of 1,000 years
from the disturbed zone to the accessible
environment (unless the NRC approves some lesser
flow time on a site specific basis); (2) complete
containment of radionuclides in the emplaces
waste packages for 300 to 1,000 years: and (3) a
maximum annual release rate of 0.001% from the
engineered barrier system of the radionuclides
present at 1000 years after disposal. The
disqualifying condition of the technical
guideline for erosion adds the last quantitative
requirement of the postclosure guidelines (i.e.,
that the waste be buried at least 200 meters
beneath the land surface to prevent untoward
interference by surface processes).

These standards specify all the quantitative
measures that must be used to assess whether
Yucca Mountain or any other site complies with
the requirements specified in the guidelines.
The qualifying conditions of the postclosure
technical guidelines reaffirm that the
characteristics of particular site features
addressed by those guidelines will permit the
quantitative release standards of the system
guideline to be met. In addition, the
disqualifying condition for geohydrology
reaffirms the system requirement and, by
inclusion, the NRC's requirement for a 1,000-year
flow time. This disqualifying condition is not
firm, however, in that it allows a shorter flow
time if compliance with the system guideline can
be demonstrated. The disqualifying condition for
dissolution also reaffirms the standards of the
system guideline by disqualifying sites where
dissolution will lead to violation of the system
requirements. Thus, the quantitative measures
for compliance with the postclosure guidelines
boil down to (1) predictions of releases to the
accessible environment under expected and
potentially disruptive conditions and (2)
predicted containment time and subsequent release
rates from the engineered barrier system.
Because the NRC's requirements for a 300 to 1,000
year containment within the waste package and for
controlled release rates thereafter primarily
involve engineering rather than site selection,
the NNWSI project assumes that these requirements
do not apply to applications of he guidelines
during the pre-characterization phase of the
siting process.

For the preclosure guidelines, all quantitative
standards of compliance are contained in the
system guideline. These standards are expressed
in terms of allowable exposures of individuals to
radioactivity, both onsite and offsite, and
permissible concentrations of radionuciides in
air and water in uncontrolled areas. The
preclosure system guideline for the exposure and
concentration limits developed for other nuclear
facilities and regulated by 10 CFR Part 20 of the
NRC. The EPA's proposed rule, 40 CFR Part 191,
is also referenced in the preclosure system
guideline, and this proposed rule refers to
exposure standards for the general public set
forth in 10 CFR Part 190 (EPA, 1977).
Additionally, the NRC's 10 CFR Part 191, is
incorporated in the preclosure system guideline
for radiological safety. The net result of all

Given these constraints, inherent in the
guidelines themselves, the NNSWI has developed a
technical strategy for addressing the guidelines
in the environmental assessment. Only the
postclosure guidelines dealing with expected
performance will be addressed in a quantitative
fashion. These quantitative but preliminary
performance assessments will be based on
information gathered before site
characterization. Because of the preliminary
nature of this information and of the modeling
techniques available, reasonable bounding
assumptions will be made to enhance confidence
that the predictions are within a believable
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range of possibilities. To further reduce
uncertainties, the quantitative assessments will
be limited to predictions of repository behavior
under the existing site conditions in order to
focus analysis on the better known and moro
important site features. The analyses will be
based on the best estimates by the appropriate
NNWSI specialists of values for site properties
needed to mathematically model repository
behavior. If sufficient data are not available
to estimate representative values for certain
properties, bounding assumptions about these
values will be made which tend to err in a
conservative (more deleterious) direction.
Simple analyses of the sensitivity of predicted
repository behavior to reasonable ranges of these
values will also be included for the more
important types of data,such as the flow volume
of water expected to come in contact with the
emplaced wastes. The quantitative analyses are
thus intended to indicate whether current,
limited data and conservative assumptions give
reason to believe that, after site
characterization, more.complete data will
demonstrate that Yucca Mountain can provide
sufficient containment and isolation to satisfy
DOE's postclosure guidelines for expected
conditions.

described in the preceding paragraph. Only after
site characterization will data be sufficient to
quantitatively address potentially disruptive
processes and events.
It is worth emphasizing that professional
judgments will play a major role in evaluating
the suitability of any site, even after all data
are available from site characterization. This
is because of the nature of the problem.
Predicting for tens of thousands of years the
behavior of a manmade system (a repository
structure) within the envelope of a very large
and heterogeneous natural system (the site) is a
difficult undertaking, at best. However, this
should not deter the task. The combination of
quantitative predictions of expected performance
based on the best available data and modeling
techniques together with the best available and
thoroughly scrutinized professional judgments
about disruptive conditions will provide a sound
basis for evaluating whether a repository can be
expected to perform as intended. At this stage
of the siting process, more reliance will
necessarily be placed on judgments than after
site characterization; this shift in emphasis
consistent with the spirit of the guidelines.
For the preclosure guidelines, no site-specific,
quantitative analyses of radiogenic hazards will
be done by the NNWSI for the environmental
assessment. Such analyses eventually will be
required to assess performance with respect to
the radiologic exposure or concentration limits
specified in the system guideline and, by
reference, in the qualifying conditions of the
technical guidelines for radiologic safety and
transportation. However, at this time it would
be premature to attempt analyses that depend so
heavily on site-specific design conditions that
cannot be determined until after site
characterization. In lieu of predicting expected
radiologic consequences of repository operations
at Yucca Mountain, the NNWSI will rely on
analyses done for other nuclear facilities and
for 'generic' repositories. These existing
analyses will be used to estimate whether there
is any special cause for concern that a
repository at Yucca Mountain might not comply
with the requirements of the preclosure
guidelines, as other such facilities commonly
have been able to do. As discussed for the
postclosure guidelines, due consideration will be
given to the relevant favorable and potentially
adverse conditions of the preclosure guidelines
to help determine if Yucca Mountain can be
expected to meet the preclosure qualifying
conditions. This approach will apply to the
system and technical guidelines dealing with
environmental, socioeconomic, and construction
concerns, which have no quantitative standards
for compliance, as well as to the radiologic
safety and transportation guidelines, which do.
Professional judgment, again, will be called upon
to provide the primary basis for determining
whether Yucca Mountain can be expected to comply,
after site characterization, with the
requirements of the preclosure guidelines.

To help compensate further for uncertainties in
the quantitative assessments, the NNWSI will also
discuss the implications, on balance, of the
favorable and potentially adverse conditions
identified at Yucca Mountain. Such a discussion
will be provided for each qualifying condition of
the technical guidelines as well as for the
system guidelines. Though several favorable and
potentially adverse conditions contain
quantitative expressions, compliance with the
guidelines does not. require that the favorable
conditions are present nor that the potentially
adverse conditions are not. Nonetheless, the
NNWSI will quantitatively assess whether these
conditions are present, if they appropriate to
Yucca Mountain, and if the site information is
sufficient.
Considerable reliance will be placed on
professional judgments about c v potential
effects of known or expectec. ;<.e conditions on
expected repository performance. The qualitative
discussions will stress the uncertainties in the
conclusions caused by uncertainties either about
relevant site conditions or about the importance
of site conditions in influencing performance.
The qualifying conditions of the postclosure
guidelines for potentially disruptive processes
and events also call for quantitative
assessments. However, at this early stage of
site evaluation, the NNWSI has not compiled
enough information about either the likelihood or
potential consequences of such processes or
events at Yucca Mountain to allow meaningful
comparison of repository performance under those
conditions with the EPA standards for very
unlikely releases. Therefore, the NNWSI will
address these postclosure technical guidelines
qualitatively in the environmental assessment,
relying heavily on professional judgments as
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and Disposal of Spent Nuclear Fuel, High-Level
and Transuranic Radioactive Wastes, 40 CFR Part
191, Federal Register, vol. 47, pp. 58196-58206,
December 29, 1982.
3. EPA (Environmental Protection Agency), 1983,
Environmental Radiation Protection Standards
for Nuclear Power Operations, 40 CFR Part
190 Subpart F, Federal Register, vol. 42, pp
2858, January 1977.

SUMMARY
The NNWSI will apply the siting guidelines of 10
CFR Part 960 to determine whether Yucca Mountain
is suitable for site characterization. This
application will be documented in an
environmental assessment, if Yucca Mountain is
chosen as one of at least five sites to be
nominated by DOE for site characterization. For
those guidelines dealing with expected,
postclosure repository behavior, the basis for
determining compliance will be, in part,
quantitative. The quantitative evaluations will
be based on a preliminary performance
assessment. Such an assessment will be used to
address the system guideline and the qualifying
and disqualifying conditions of the technical
guidelines for expected postclosure conditions.
The preliminary performance assessment will be
limited by current data and modeling
assumptions. To compensate as much as possible
for these limitations, conservative assumptions
and sensitivity analyses will be employed for the
properties of greatest significance. Qualitative
discussions, substantiated by thoroughly reviewed
professional judgments, will augment the
conclusions drawn from the quantitative
analyses. For the postclosure guidelines dealing
with potentially disruptive conditions and the
preciosure guidelines for radiologic safety and
transportation, current information about the
site and the repository design is not adequate to
allow reliable quantitative estimates of
compliance. These guidelines, though eventually
requiring quantitative assessments, will be
addressed in the environmental assessment by
qualified professional judgments based on current
data and design concepts. The preclosure
guidelines for environment, socioeconomics, and
construction also will be addressed
qualitatively, as they must be because of the way
they are written. All qualitative assessments
for both preclosure and postclosure guidelines
will consider the pertinent favorable and
potentially adverse conditions identified at
Yucca Mountain as well as any other information
that might influence whether a particular
guideline is satisfied. The assessment of Yucca
Mountain with respect to the guidelines are only
intended at this time to help establish whether
Yucca Mountain is suitable for site
characterization. A determination of whether
Yucca Mountain is suitable for a repository must
await the results of site characterization, if
indeed Yucca Mountain is one of the sites chosen
for characterization.
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Table 1. NNWSI Steering Committee for the EA
ORGANIZATION

RESPONSIBILITY

EA CHAPTER

Department of Energy/NV

NNWSI, Chairman

2-6

Private Consultant

Technical Review

2 - 6

Science Applications Inc.

EA Coordination
Human Interference,
Environment, Socioeconomics,
Transportation

2-6
4

Sandia National Laboratories

Performance Assessment
Repository Design
Environmental
Characterization

U.S. Geological Survey

Hydrology/Climate
Geology/Tectonics

Los Alamos Ntl. Laboratory

Geochemistry

Lawrence Livermore Ntl. Lab

Waste Package
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Table 2. NNHSI Working Groups for EA Preparation
EA WORKING GROUP

GUIDELINES AODRESSED

(10 CFR Part—

.Performance Assessment

Postclosure System
Postclosure Technical
(Qualifying Conditions)

960.4-1
960.4-2

Hydrology

Geohydrology
Climate
Surface Hydrology

960.4-2-1
960-4-2-4
960-5-2-10

Geology

Erosion
Tectonics
Natural Resources
Surface Characteristics

960-4-2-5
960-4-2-7
960-4-2-8-1
960-5-2-8
960-5-2-11

Geochemistry

Geochemistry
Dissolution

960-4-2-2
960-4-2-6

Rock Characteristics

Rock Characteristics

960-4-2-3
960-5-2-9

Environment/Reposi tory

Preclosure System
Preclosure Technical
(qualifying Conditions)
Population
Site Ownership

960.5-1
960.5-2

Meteorology
Offsite Installations
Environmental Qualify
Socioeconomic Impacts
Transportation
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960.5-2-1
960.5-2-2
960.4-2-8-2
960.5-2-3
960.5-2-4
960.5-2-5
960.5-2-6
960.5-2-7

RESULTS OF SCREENING ACTIVITIES IN SALT STATLS
PRIOR TO THE ENACTMENT OF THE NUCLEAR WASTE POLICY ACT
W. A. Carbiener
Batteile Project Management Division
Office of Nuclear Waste Isolation
Columbus, Ohio

THE SCREENING PROCESS
Site screening criteria being employed under the
Nuclear Waste Policy Act and the actual screening
of sites for a nuclear waste repository are an
interesting example of "What came first...the
chicken or the egg?" Largely, the techniques
and requirements used in site screening after
the enactment of the Act are derived from extensive experience in site screening before the Act
was passed. This is a concern to some, but it is
not a serious problem because there has been
adequate communication between those who have
been involved in site screening and those who have
been developing Guidelines for the "recommendation
of Candidate Sites for Site Characterization," as
required by the Act itself.
In specifying detailed geologic and other considerations, the Guidelines thus represent a compilation
of what already has been learned about selecting a
repository site. This process has been particularly useful in those states where salt formations are
being investigated as potential repository sites.
The process was described in April 1980 in the
rfaste Confidence Rulemaking Document:
"In a subjective process, geologic information
is analyzed in terms of multiple working
hypotheses until it yields a 'pic.ure' of
the relationships among all the geologic
variables. Based on the geographic density of the data collection points,
reasonable bounds can be established for
interpretations of geologic conditions.
As more data become available, the 'picture'
comes into ever sharper focus. Continuous
peer review is essential; it serves not only
to evaluate conclusions but also, and perhaps
more importantly, to guide the geologist
responsible for determining the character
and condition of unseen rocks."1
imilar processes are suitable for interpretation
f the surface environment or socioeconomic
onditions.

In this way, the activities of the salt site
selection program have focused on narrowing the
number and size of areas under consideration as
candidate repository sites. Since 1978 this program has been conducted for the Department of
Energy by the Office of Nuclear Waste Isolation
operated by the Battelle Project Management
Division. Detailed, intensive, field-oriented,
original exploration and testing have superseded
broad-based studies relying heavily on literature
and other existing data.
We have been taking part in a series of increasingly
detailed studies to obtain geological and environmental information. The steps begin with national
surveys of rock types which have potential for
waste containment. Prior to the Waste Act, regions
with potentially suitable salt formations were
identified. Then areas of 1,000 or more square
miles and locations of fewer square miles were
recommended. At each step, the study focused on a
smaller area and more data were collected. Application of the Siting Guidelines developed under the
Nuclear Waste Policy Act will permit further screening to one site in each of the three geohydrologic
settings in salt.
RESULTS OF SCREENING ACTIVITIES
Three areas have been designated as centers
of screening activity in the salt site identification program. We will discuss each of them
briefly and describe recent field work.
Gulf Coast Interior Salt Domes
The Gulf Coastal Plain of Texas, Louisiana, and
Mississippi contains more than 260 salt domes on
land. In 1963 the U.S. Geological Survey evaluated
tht^e domes and identified 36 domes as potentially
acceptable for siting a nuclear waste repository.
A later Department of Energy study selected 125
domes for detailed studies. Beginning in 1978,
these domes were selectively screened for depth,
size, and presence of other mineral-related
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activities. This study resulted in the selection
of eight salt domes for the "area" phase. Further
screening removed three of the domes, and drilling
and seismic investigations were conducted at five
domes: Palestine in Texas, Vacherie and Rayburns
in Louisiana, and Cypress Creek and Richton in
Mississippi. As further information became available, Rayburns and Palestine domes were dropped
from consideration—leaving Cypress Creek and
Richton salt domes in Mississippi and Vacherie dome
in Louisiana.
Field investigations have been carried out in the
Gulf Coast region to a point where it has been
possible to rank the three salt domes. The domes
were ranked based on site geometry, geohydrology,
geochemistry, geologic characteristics, tectonic
environment, human resources, surface characteristics, demography, environmental conditions, and
potential socioeconomic impacts. The domes were
ranked in a report published in 1982 (ONWI-109),
Evaluation of Area2 Studies of the U.S. Gulf Coast
Salt Dome Basins. Additional 3 data were considered
in a further report (ONKI-484) published in
August 1983; however, the ranking was not changed.
The domes, in order of preference according to
screening criteria developed before the Nuclear
Waste Policy Act, are Richton in Mississippi,
Vacherie in Louisiana, and Cypress Creek in
Mississippi. Further field work may be carried
out at one or more of these dome sites before the
nomination of sites for detailed characterization.
However, this work, which may include environmental monitoring, is not required for site
screening and would be done primarily to develop
information for addressing concerns raised by the
states of Mississippi and Louisiana.

Based on work carried out between 1979 and 1981,
it was determined that both Salt Valley and Lisbon
Valley have potentially unfavorable conditions
related to faults, existing boreholes, and dedicated lands. In addition, Salt Valley has an
extremely complicated geologic structure and
Lisbon Valley has a history of resource production
and the potential for future production. As a
result, these two areas were removed from consideration. By contrast, parts of the Elk Ridge
and Gibson Dome areas appeared to meet the site
selection criteria that had been identified by
the Department of Energy and the Nuclear Regulatory
Commission.
Next, a 57-square-mile area of Gibson Dome and a
6-square-mile area of Elk Ridge were subjected to
comparative evaluation. This evaluation, using
110 comparison factors, was based on information
gathered during the area phase of the study. The
evaluation showed only 12 comparison factors that
differentiated between Gibson Dome and Elk Ridge.
Eight of these factors were more favorable at
Gibson Dome. The Gibson Dome preferred location
was further examined to identify parts of the 57
square miles that would be more favored based on
both surface and subsurface considerations.
Emphasis was placed on such distinguishing features
as topography, access, and aesthetics. These considerations indicated that the more concealed places
in the southern part of the location were favored.
Thus, within Gibson Dome, Davis Canyon and Lavender
Canyon are two prime examples of sites suitable for
further investigation in the Paradox Basin. This
screening process was delineated in the Paradox Area
Characterization Summary and Location Recommendation
Report (ONWI-291)."
Further field work may be carried out in the
vicinity of Gibson Dome before sites are nominated
for detailed characterization. This work would
include both environmental and deep hydro!ogical
studies using a small number of drill holes. As is
the case in the Gulf, this work is not required for
.site screening and would be done mainly to develop
information for addressing concerns raised by the
state.

Paradox Basin in Southeastern Utah
and Southwestern Colorado"
Approximately 12,000 square miles of the Paradox
basin are underlain by layers of bedded salt
deposited about 300 mil-lion years ago.. In some
parts of the basin there are more than 25 layers
of salt, separated by interbeds of shale, carbonates, and anhydrite. The Paradox basin was one
of the salt regions identified during a national
screening (published in 1978)" as having potential
for the eventual siting of a waste repository.
Evaluation of the basin by the U.S. Geological
Survey had begun in 1972.5

Permian Basin

Regional studies of the Paradox basin led to
recommendations for more intensive coverage in
four areas of southeastern Utah: Salt Valley in
Grand County and Gibson Dome, Elk Ridge, and
Lisbon Valley in San Ouan County. Area characterization reports for these four areas were completed
in 1980. The four areas had been selected on the
basis of geologic factors such as depth from the
earth's surface to salt, thickness of salt, and
location of mapped faults, and also on the basis
of environmental screenings. One of the fourSalt Valley—had previously been identified by
the U.S. Geological Survey.
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The Permian basin is a series of sedimentary basins
in which salt has accumulated for more than 200
million years. It includes the western parts of
Kansas, Oklahoma, and Texas and the eastern parts
of Colorado and New Mexico. In the New Mexico
portion of the Permian basin is the Los Medanos
site, where the Department of Energy is constructin
the Waste Isolation Pilot Plant (WIPP) for transuranic wastes from defense-related activities.
The Palo Duro and Dalhart basins were identified as
areas with potential for siting a waste repository.
These basins are subunits of the Permian basin
located in the Texas Panhandle. Field activities
in Texas have; developed substantial new Information
about the geologic, hydrologic, environmental, and
socioeconomic characteristics of the Texas Panhandl

in general, and about the Palo Duro Basin in particular. Two reports on this work have been
finalized: the Area
Geological Characterization
Report (ONWI-292)7 and the Area Environmental
Characterization Report (ONWI-102).8

REFERENCES

Based on these reports and other work, 9a Location
Recommendation Report (DOE-CH/10140-2) has been
prepared. This report summarizes relevant knowledge
about the geology, hydrology, environment, and
socioeconomics of the Palo Duro and Dalhart basins
and compares characteristics of the basins to
criteria that were developed to permit investigations
to focus on smaller parcels of land. Two locations
in the Palo Duro Basin were identified as preferred
for further study--about 300 square miles in Deaf
Smith County and 180 square miles in Swisher County.
During 1982, field activities in support of site
screening were most vigorously pursued in Texas to
bring together all of the information that would be
needed to compare the potential sites in Deaf Smith
and Swisher Counties with other potential salt sites.
Field work included completing four exploratory
wells. To tie information from existing wells into
a coherent stratigraphic and structural framework,
nearly 600 miles of seismic reflection data
strategically located over portions of the Palo Duro
basin were acquired and interpreted.
Limited additional field work in Deaf Smith and
Swisher Counties also is planned before sites are
nominated for detailed characterization. This work
will include some hydrologic, stratigraphic, and
seismic testing to address state and local concerns
and optimize planning for any future site characterization studies.
SUMMARY
The identification of potential sites for a nuclear
waste repository through screening procedures in
the salt states is a well-established, deliberate
process. This screening process had made it
possible to carry out detailed studies of many
of the most promising potential sites, and general
studies of all the sites, in anticipation of the
siting guidelines specified in the Nuclear Waste
Policy Act. The screening work completed prior
to the passage of the Act allowed the Secretary of
Energy to identify seven salt sites as potentially
acceptable under the provisions of Section 116(a)
of the Act. These sites were formally identified
by letters from Secretary Hodel to the states of
Texas, Utah, Mississippi, and Louisiana on
February 2, 1983. The potentially acceptable salt
sites were in Deaf Smith and Swisher Counties in
Texas; Davis and Lavender Canyons in the Gibson
Dome location in Utah; Richton and Cypress Creek
Domes in Mississippi; and Vacherie Dome in Louisiana. Further screening will include comparison
of each potentially acceptable site against disqualification factors and selection of a preferred
site in each of the three geohydrologic settings
from those remaining, in accordance with the siting
guidelines. These steps will be documented in
statutory Environmental Assessments prepared for
each site to be nominated for detailed characterization.
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OVERVIEW OF THE PROPOSED REGION-TO-AREA SCREENING METHODOLOGY
FOR THE CRYSTALLINE ROCK PROJECT
Benjamin G. Maiden
Battelle Project Management Division
Office of Crystalline Repository Development
Columbus, Ohio
The proposed methodology is designed to be
consistent with the proposed Siting Guidelines,
including the implementation section of the
Guidelines. The factors and variables selected for
use in the screening methodology are those for
which a reasonably consistent, regional data base is
available for all 17 states from secondary/
literature sources. Other variables prescribed by
the Siting Guidelines cannot be addressed at the
regional scale, but will be thoroughly treated in
subsequent phases of the repository siting process.

INTRODUCTION
This overview describes a methodology for performing the region-to-area screening for the
Department of Energy's (DOE's) Crystalline Rock
Project (CRP). This region-to-area screening will
narrow the geographic focus of the CRP from 17
states in three regions of the U.S. to 15 to 20
candidate areas that will be the subject of more
detailed characterization in the Area Phase.
The objectives of this overview are to:
.

Summarize the proposed approach to. regionto-area screening for the CRP.

.

Promote the development of a final
methodology, incorporating a broad range
of inputs, that will serve to guide the
region-to-area screening process.

The proposed regional screening methodology consists
of a three-step process. The three steps are:
• Step 1--Perform disqualifying factors
screen according to the Siting Guidelines.
(

The methodology described herein was developed to
reflect the following desirable characteristics:

• Step 2—Perform other regional variables
screen (regionally applicable potentially
adverse to potentially favorable conditions
described in the Siting Guidelines)
• Step 3—Perform sensitivity analysis and
identify candidate areas for Area Phase
studies.

• Systematic logic--easy to understand and
logical progression of steps.
• Comprehensive scope--use of appropriate
disqualifying factors and screening
variables in compliance with the Siting
Guidelines (proposed n 0 CFR 960).

In order to accommodate state concerns about using
all available regional data, a provision has been
made for incorporating additional data in a
sensitivity analysis step. This sensitivity
analysis will, in part, provide an opportunity to
incorporate data for variables that do not have a
reasonably consistent, regionally available data
base, but that do help discriminate in the selection of candidate areas. The details of this step
are discussed in this overview.

• Explicit—open and trackable screening
process using inputs from state/technical
peer review.
. Technically defensible--use of appropriate
regional data bases, analytical methods,
etc.

The purpose of the Regional Phase is not to identify the "best sites" in. 17 states. Rather, using
available secondary/literature data, the objective
is to identify candidate areas where the likelihood
of finding licensable sites is maximized. Regionto-area screening is designed to yield an informed
decision, based on regionally applicable inputs,
concerning where best to invest in subsequent
characterization studies. Only subsequent field
investigations will determine if there are sites
suitable for detailed site characterization within
tr.e recommended candidate areas.

. Consistent—equitable treatment of all 17
states in the screening process.
• Participatory—incorporation of the inputs
of parties interested in the siting
process.
» Credible—commitment to perform sensitivity analysis to helD assure the
defensibility of the output.
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STEP l:s- THE DISQUALIFYING FACTORS SCREEN
Tl.e first step in the proposed region-to-area
screening methodology is to perform the disqualifying factors screen. The objective of this step is
to eliminate land units from further consideration
based upon the disqualifies identified in the
Siting Guidelines that can be addressed at a
regional scale. The presence of any single
disqualifying condition for a given land unit is
sufficient to eliminate that land unit from future
consideration. These are the "black-white"
decisions in the region-to-area screening process.
The disqualifies are likely to include:
• Federal protected lands
• State protected lands
• Population distribution and density.
The crystalline states have recommended the
addition of other variables as Regional Phase
disqualifies, particularly some geologic
variables. DOE's position is that the CRP regionto-area screening process use only those variables
recognized as disqualifiers in the Siting Guidelines, and for which a reasonably consistent
regional data base exists from secondary/
literature sources. However, a part of the proposed methodology's third step, sensitivity analysis, has been devised to heavily weight selected
variables. This part of Step 3 adopts a
conservative interpretation of the Siting
Guidelines during region-to-area screening and
heavily weights those variables which relate to
the likelihood of finding sites suitable for
nomination. The details of this step, designed to
respond to state concerns, are described in "Step
3: Sensitivity Analysis".

ably consistent data bass, derived from
secondary/literature sources, that can be applied
to the remaining portions of all 17 states. The
output of Step 2 will be an estimate of the
composite or aggregate favorability of each land
unit not previously eliminated.
The methodology's second step consists of "shadesof-gray" decisions in the region-to-area screening
process. The Siting Guidelines outline numerous
variables for which a range of potentially adverse
to potentially favorable conditions might exist.
A given land unit with potentially adverse
conditions ("dark gray") should be penalized in
the screening process. Likewise, a land unit with
potentially favorable conditions should be favored
in the screening process. The second step is
designed to account for each variable considered.
The desired output is an estimate of composite or
aggregate favorability because, for a given land
unit, it is recognized that the presence of a
potentially adverse condition for any single
variable may be compensated for by the presence of
potentially favorable conditions for other variables. No single variable in Step 2 will be
treated as a "fatal flaw" that cannot be compensated for by the presence of favorable conditions
for other variables. In Step 3, however,
selected Step 2 variables will be heavily
weighted, thus increasing the likelihood that the
presence of potentially adverse conditions will
lead to deferral.
The lis-t of proposed geologic and environmental
regional screening variables is as follows:
. Geologic
-Rock mass extent
-Major'ground-water discharge zones

The disqualifying factors screen will be accomplished by using mappable information from
federal, state, and other sources to prepare maps
that outline the distribution of each disqualifier. A composite map for the 17 states will
then be prepared to include all disqualified
features. This composite disqualifier map will be
used with the rock body location maps to identify
those portions of rock bodies which are to be
eliminated from further consideration.

-Ground-water resource potential
-Rock and mineral resource potential
-Potential glacial erosion
-Seismicity
-Quaternary faulting
-Post-tectonic faulting

The output of Step 1 will be the mapped identification of those land units and portions of rock
bodies that are eliminated from further consideration as repository sites. Only the remaining land
units and rock bodies will be evaluated further
in Step 2.

-Tectonic uplift
-Rock mineralogy

STEP 2: THE OTHER REGIONAL VARIABLES SCREEN
The objective of the proposed methodology's
second step is to further evaluate the land units
and rock bodies that remain after Step 1 in terms
of the potentially adverse to potentially favorable
conditions outlined in the Siting Guidelines and
applicable at a regional scale. Here again, the
variables used in this step must have a reason-
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the aggregate favorability assessment for each
grid cell. Achieving this consistency requires
scaling to be done according to some guiding
principles:

Environmental
-Proposed federal protected lands
-Proposed state protected lands

. The end points of the scale shall be
determined by examining the range of
conditions for each variable for the U.S.
as a whole.

-Proximity to existing federal and state
protected lands
-Multiple use national forest lands

. The intermediate values shall be assigned
on the basis of technical judgments made
about the impact of the variable on
difficulty of licensing a repository,
including the ability to mitigate
potentially adverse conditions.

-Designated critical habitat for threatened and endangered species
-Wetlands
-Flood Potential.

< The scaling of variables may reflect
linear, exponential, or other functions of
physical conditions that are technically
justified.

Data Collection
The first activity in the execution of the other
regional variable screen is the development of a
region-to-area screening data base. The CRP
technical staff will collect mappable raw data from
federal, state, and other sources for each regionto-area screening variable. Data for each regionto-area screening variable will be entered into
the cartographic file in a conventional polygonal
format representing the spatial boundaries of each
variable. These data will then be converted to a
gridded format. Using the gridded data base>
favorability maps which depict the range of
potentially adverse to potentially favorable
conditions will be produced.
The proposed grid cell size for the region-to-area
screening in Step 2 is 1 square mile. The judgment
of the CRP technical team is that this grid cell
size strikes an appropriate balance between the
relatively crude regional scale and the need to
discriminate degrees of favorability for each
screening variable. Additional data will need to
be collected and presented in revised regional
characterization reports in order to implement this
recommendation.

• Depending on the nature of the variable
and upon the availability of data, there
may be two, three, or four numerical
assignments or scaling values for scaling
each variable. Each numerical assignment
depicts a physical condition translated
into a degree of favorability.
• Scaling will be subject to state review.
Composite Nap Development
Once the data for region-to-area screening variables have been collected, the variables have been
scaled, and the gridded favorability maps prepared,
the aggregate favorability assessment process can
begin. The grid cell, in essence, is the
accounting unit for the process. Each regicn-toarea screening variable will have a numerical
entry depicting a level of favorability for each
grid cell. Software will be developed to assure
an efficient computer processing of all these data
inputs.
The composite or aggregate favorability map will
be developed by taking the weighted average of all
numerical entries in each grid cell to indicate
that grid cell's aggregate favorability. The
first composite favorability map prepared will be
based upon equally weighted screening variables;
it will be derived by taking the arithmetic mean
of all numerical entries in each grid cell.

Scaling is a term used to describe the process by
which the "shades of gray" may be depicted for Step
2 of the proposed methodology. A scale is developed for each region-to-area screening variable
that portrays the range of potentially adverse to
potentially favorable conditions on a l-to-10
scale as follows:

The composite map for equally weighted variables
will be a computer generated portrayal of which
grid cells reflect the highest aggregate
fa»orability in' the 17 states. When used in
conjunction with a map of the rock bodies,remaining
after Step 1, the most favorable rock bodies, as
characterized by the equally weighted ragion-toarea screening variables; will be evident.

The scaling process involves technical judgment
and will be subject to state review. It is important to transform the "shades of gray" in regionto-area screening into a numerical depiction in as
consistent a manner as possible in order to perform

Figure 1 conceptually demonstrates how this
aggregate favorability concept will work. The
grid cells with the highest numerical averages are
shown as the "peaks" (light gray tones) in the
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figure. The computer software will be designed to
allow the analyst to pick the most favorable "X"
number of grid cells in the 17 states. The
number of grid cells included in the most favorable
category will be increased until 15 to 20 candidate
rock bodies of suitable size are identified. Each
time a lower "slice" is made through the curve, the
analyst is assured that the most favorable grid
cells are being included, as defined by all the
region-to-area screening variables applied
together. In this manner, DOE would identify
candidate areas that have the most favorable
aggregate characteristics in this equally weighted
composite. Differential weighting of the
variables will be an important part of the third
step in the proposed methodology.

selectively modify the scales based upon state
input and peer review. The selection Of scales to'
modify will be based upon feedback received/
comments expressed on the scales employed in Step

2. One or more scale changes will be used along

with the equally weighted variables to generate new
maps of aggregate favorability. These maps will be
compared with the composite map from Step 2 to
determine the extent to which scaling differences
affect the selection of the most favorable 15 to 20
areas. The rock bodies that are shown as most
favorable on both the composite maps from Step 2
and the new maps are likely to be the most
desirable to select for study. Any differences
will be thoroughly documented in the area
recommendation report.
Modifying It/eights of the Screening Variables

STEP 3: SENSITIVITY ANALYSIS
The third and final step in the proposed regionto-area screening methodology is conducting
sensitivity analyses of the equally weighted
composite map output from Step 2. This third step
is likely to be critical in identifying 15 to 20
candidate areas to recommend for further study in
the Area Phase.
Three types of sensitivity analyses are proposed
for this step. These types include:
. Modifying scales of the screening variables
. Modifying weights of the screening
variables (departing from the equal weights
used in Step 2)
• Incorporating new variables based upon
available rock-body-specific data.
Each of these categories of sensitivity analyses
is more fully described in the sections that
follow.

The fundamental purpose of weighting is to
quantify differences in the relative importance of
region-to-area screening variables in the screening
process. The Step 2 composite map and the maps
using modified scales will be based upon equally
weighted variables. It is more plausible that some
variables are more important in the identification
of candidate areas than others. There are likely
to be widely ranging views of the relative
importance of these variables, reflecting different
perspectives and different value systems. For
some, the environmental protection-related
variables may be relatively more important. For
others, the geologic variables may be. Weighting
allows the analyst to explore the impact of
alternative sets of weights on the aggregate
favorability. In fact, the use of weighting can
be very desirable in that it is likely to enhance
the ability to discriminate among candidate areas.
The development of alternative sets of weights
that represent broadly divergent views of the
relative importance of the variables can be
accomplished in several ways. The specifics of
how this will be done for the CRP have not been
determined, but an important principle will be
state participation in whatever mechanism is
chosen. The intent will be to derive several
sets of weights that will capture the entire
spectrum of views concerning the relative
importance of the screening variables.
As mentioned previously, at least one set of
weights will be designed to put heavy weight upon
specific variables so that they severely
penalize a grid cell where a potentially adverse
condition is present, thus substantially
increasing the likelihood that it will be deferred.
Selection of heavily weighted variables will be
made after input from the states and from technical
peers is received.

O
Figure 1 Aggregate FavorebMHy Concapt

Modifying Scales of the Screening Variables
As previously described, the scaling process
involves technical judgment that may be open to
debate. In an effort to explore the impacts of
modifying the scales, the CRP technical staff will
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Each selected set of weights will be used to
generate a single composite or aggregate
favorability map. Areas that appear in the top
15 to 20 on all or most of these alternative
composites will be the strongest candidates for
the Area Phase. In effect, an approach that
overlays these alternative composite maps on each

other can be used to identify those areas that
widely variant perspectives view as worthy of
further evaluation. This is the objective of this
type of sensitivity analysis.

maps generated in Steps 1, 2, and 3 of the
methodology. In making the selections, the CRP
technical staff will:

Incorporating New Variables
The region-to-area screening variables selected for
Step 2 of the methodology will be those for which
a reasonably consistent data base exists for all
17 states. There are, however, data on some
relevant variables that have only scattered
availability (e.g., state of stress). While such
variables cannot be used in Step 2 because of their
inconsistent availability, the third type of
sensitivity analysis allows for the selective use
of such data.
Once the 15 to 20 candidate areas have been
identified (but not yet recommended) through the
first two types of sensitivity analysis, the CRP
data base will be examined to identify additional
information on these rock bodies. If there is
additional relevant information available on one or
more of the rock bodies in these areas, new
variables will be defined and scaled to incorporate this information. Rock bodies for which no
such information exists will not be assumed to be
either potentially favorable or potentially adverse
for any new variable. New composite maps will be
generated based upon the addition of the new
variable(s) to evaluate whether there would be a
difference in the recommendations as a
consequence of incorporating new information.
Again, this will be done only for the 15 to ?.O
areas identified in earlier sensitivity analyses,
and only for rock bodies for which scattered data
are available in the CRP data base. Doing this
will help assure that all relevant data will be
appropriately incorporated into the region-to-area
screening process. The proposed Step ? variables
are as follows:
• Thickness of rock mass
. Thickness of overburden
• State of stress
. Ground-water salinity
• Oxidizing-reducing conditions
• Enhanced natural radiation environment.
Selecting Candidate Areas
The three steps described will provide the
information necessary to select the 15 to Z0
candidate areas for Area Phase studies. The
intent will be to select those areas that
consistently appear on the alternative composite
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• Seek to select areas that consistently are
shown as more favorable under widely varying scenarios of alternative weights and
scales
. Assure that different scaling assumptions
and their impact on composite maps will be
explored
• Use additional rock body data through the
development, as appropriate, of new
screening variables
• Assure the consistent, equitable treatment
of all rock bodies under consideration in
the selection process.
The area recommendation report will fully document
the methodology employed in screening, as well as
the results of implementing that methodology.

STATUS OF GEOHYDROLOGIC SCREENING OF THE BASIN AND RANGE PROVINCE FOR ISOLATION OF
HIGH-LEVEL RADIOACTIVE WASTE
M. S. Bedinger, K. A. Sargent, and William H. Langer
U.S. Geological Survey
Denver, Colorado
Screening of the Basin and Range Province by the
U.S. Geological Survey for favorable environments
for isolation of high-level radioactive waste began
in 1981 with direct Congressional appropriations.
The study is concerned with geologic and hydrologic
factors, emphasizing the identification of environments that can provide multiple natural barriers to
radionuclide migration (Interagency Review Group on
Nuclear Waste Management, 1979). The term multiple barriers includes man-made barriers and natural barriers in the form of specified hydrodynamic,
geochemical, and geologic characteristics that
would impede radionuclide transport. The natural
barriers of most significance include; (1) A
tectonic environment in which there is minimum
hazard of increasing the mobility of the waste, increasing the rate of +dissolution of waste, or increasing the rate OT rayel of waste from the repository; (2) a host medium of low permeability in
the saturated zone or a host medium in an environment that limits accessibility of moisture to the
waste in the unsaturated zone; (3) rocks with significant sorptive capacity for radionuclides; and
(4) a flow system with long traveltime from the
repository to the accessible environment.
The approach generally follows the plan proposed by
a subgroup of the U.S. Department of Energy-U.S.
Department of the Interior Working Group that
developed the Earth Science Technical Plan (U.S.
Department of Energy and U.S. Geological Survey,
Subgroup I of ESTP Working Group, 1980). The plan
identified 11 physiographic provinces, encompassing
the 48 conterminous States as the basic land units
in the National screening process. The plan included several steps in screening in which each
physiographic province is successively subdivided
into smaller land units. The study is being conducted in the Basin and Range Province, as the
test area, by the Province Working Group composed
of Earth scientists from the States of the Province
and Federal Government. The culmination of each
step of screening identifies, or contributes to the
identification of, geohydrologic environments with
hydrodynamic, geochemical, and geologic characteristics that provide independent, multiple natural
barriers to the migration of radionuclides and
which may warrant further, more intensive study.

The announcement of the selection of the Basin and
Range Province as the prototype study area was made
in May 1981 to the Governors of the States in the
Basin and Range Province -- Arizona, California,
Idaho, Nevada, New Mexico, Oregon, Texas, and Utah.
The States were invited to cooperate in the study
by participating in the Province Working Group.
The Province Working Group, composed of one Earth
scientist from each participating State and two
Earth scientists from the U.S. Geological Survey,
was organized and began work in November 1981.
The Province Working Group established plans for
preparation of guidelines for screening, geologic
and hydrologic characterization of the Province, and
evaluation of the suitability of parts of the
Province for further study.
The guidelines for screening the Province were established with the consultation and concurrence of
the Basin and Range Province Working Group and
were completed in 1982. The characterization of
the geology and hydrology of the Province included
the compilation of data for: (1) The surface occurrence of selected rock types and areas of thick
unsaturated zone that may serve as potential host
media; (2) tectonic conditions, including Quaternary
faults, late Cenozoic volcanic rocks, seismicity,
heat flow, and vertical uplift; and (3) hydrologic
conditions, including ground-water levels, groundwater quality, withdrawal of ground water, depth
to water, and remnants or evidence of Pleistocene
lakes. Characterization of the Province was completed in 1983. After characterization of the
Province, an evaluation of the Province was made
to identify prospective regions for further study.
The results of the first phase of Province screening has been.described in a three-part report.
These parts: (1) Introduction and guidelines
(Bedinger, Sargent, and Reed, 1983); (2) characterization (Sargent and Bedinger, 1983); and (3) evaluation (Bedinger, Sargent, and Brady, 1983) will be
released to the open-file pending publication in
the U.S. Geological Survey Circular series. Compilations of geologic and hydrologic data used in
province characterization are being prepared for
release to the public.

water flow systems; and (3) the geometry and
characteristics of potential repository media.

The land units designated as being prospective for
further study are shown in Fig. 1. The lack of
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Fig. 1 Land units considered prospective for further study (shaded)
designation as prospective areas does not imply
that those areas may not provide suitable sites for
the isolation of high-level radioactive wastes.
Neither does designation imply that those areas
will provide suitable sites. The evaluation
process at this stage, has identified relatively
large land units of the Province that appear to be
more favorable for further study on the basis of
available information. From the prospective land
uiiits identified, six regions were selected for
further screening (Fig. 2 ) . Study of these regions
was begun in 1983 by the Province Working Group,
continuing the Federal-State cooperative program
of screening for prospective areas of study.
Characterization of the regions, now underway, will
include compilation and preparation of geologic
sections and stratigraphic and lithologic descriptions of rock units to aid in defining: (1) The
geologic framework; (2) properties for the ground-
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Ground-water flow analysis will include estimation
of ground-water traveltime both at the water
table and in deep sections along selected flow
paths. Geochemical environments in the flow
systems will be assessed as to their potential for
retardation of radionuclides. Mineral and energy
resources have been inventoried for the regions
for use in evaluating the regions.
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A FEASIBILITY STUDY OP BURIED CRYSTALLINE ROCKS AS A POTENTIAL
ENVIRONMENT FOR A HIGH-LEVEL RADIOACTIVE-WASTE REPOSITORY
N. J. Tra3k and R. W. Davis
United States Geological Survey
Restoti, Virginia
The advantages of emplacing high-level radioactive waste in a crystalline rock mass overlain
by a hydrologio system where water flow can be
readily predicted and water use is unlikely have
been discussed by Bredehoeft and Maini^ ' and the
National Academy of Sciences Waste Isolation
Systems PaneP . They include the strength,
minability and predictability of the crystalline
rock with respect to thermal and mechanical
properties, and the predictability of water
movement in an overlying porous-medium aquifer
that contains non-potable water. Pressure
gradients in such aquifers.are typically low and
should lead to low flow rates in the underlying
crystalline rooks, even in relatively permeable
fracture and fault zones. In crystalline rock
masses which extend to the surface, evaluation of
the fraoture-dominated hydrologic flow system may
contain large uncertainties until late in the
process of site characterization.
Previous studies suggesting a strategy of waste
emplacement in buried crystalline rocks were
largely conceptual; Davis^ 3 ' conducted a
feasibility study to ascertain if, and to what
extent, the conditions required for such a
strategy actually exist. His study, summat'ized
here, was confined to the eastern half of the
conterminous United States — approximately east
of the SMth meridian — as is the Department of
EnergyJs (DOE's) screening of exposed crystalline
rocks w .

aquifer insures that flow within that aquifer
will be dominantly horizontal and that any hydrologic stresses on overlying fresh-water bearing
parts of the hydrologic system will have little
effect on the underlying waste isolation
system. Crystalline rocks in the basement are an
obvious requirement. They are defined as intrusive igneous and high-grade metamorphic rocks
rich in silicate minerals having a grain size
sufficiently coarse that individual minerals can
be distinguished with the unaided eye. This is
the same definition used by DOE in its soreening
of exposed crystalline rocks. For this feasibility study, hydrologic and geologic conditions
were considered where top of the basement lies at
depths ranging from 330 to 1330 m (1000 to
tOOO ft) below the surface. In most of the study
area, water in aquifers overlying the baseuent at
lesser depths does not meet the requirement for
salinity of 10,000 mg/L dissolved solids.
Construction of a repository in crystalline rooks
where the top of the basement lies at depths
greater than 1330 m, although possible, might
result in significantly increased costs related
to safety. The question of construction at
depths greater than those considered here needs
to be addressed further and does not affect the
principal conclusion of the study.

Results
The conditions required for feasibility are met
in two broad subregions within the eastern United
States (Pig. 1 ) : 1) the Atlantic Coastal Plain
and 2) the Cincinnati Arch.

Requirements
Three conditions were sought within the study
area: 1) saline water in the aquifer immediately
overlying the basement, 2) a shale or clay3tone
confining layer in the stratigraphic sequence
immediately overlying the saline-water aquifer,
and 3) some crystalline rocks in the basement at
practical depths. Aquifers overlying the
basement were considered to meet the first
condition if they contained water with more than
10,000 mg/L dissolved solids; such waters are not
normally used directly for domestic or municipal
supplies making future intrusion into these
aquifers unlikely. A hydrologically confining
bed of shale or olaystone above the saline-water
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Saline water overlies the basement at the depths
considered in this study in the Atlantic Coastal
Plain in a linear strip extending from New York
to North Carolina and in isolated areas of
Georgia. Confining claystone beds are present
above the basal saline-water aquifers, but these
beds were laid down in a near-marine or nonmarine environment and may not be laterally continuous. More work is needed to better define
the claystone confining layer in the Atlantic
Coastal Plain. The nature of the baaeaent rock
underlying the basal Cretaceous aquifer in the
Coastal Plain varies greatly. Some plutonic

crystalline rooka are known to be present^).
Also present are low-grade metamorphosed volcanic
rooka similar to exposed rocks in the easternmost
Piedmont, and arkoaes, shales, basalts and
diabases,in a series of buried Mesozoio
basins TCJTTT
A large part of the Cincinnati Arch in parts of
Ohio, Indiana, and Kentucky (Fig. 1) contains the
required conditions. In much of this area, the
basal Mt. Simon Sandstone contains saline water
and is overlain by confining shale or siltstone
beds of the Eau Claire Formation. Along the east
edge of the area, the Eau Claire grades into
carbonate rocks of the Rome Formation which do
not form an adequate confining bed. The flow
system wifcgin the Mt. Simon has been studied by
Clifford ^0) who calcuated a water velocity of no
more than 15 cm per year. Crystalline rocks are
known to be present at several places in the
Precambrian basement ' . No other subregion
within the eastern United States contains the
conditions adopted for feasibility in this
study. In a linear strip south of the Adirondack
Mountains, waters in the basal Cambrian sandstone
are saline, but there'are no overlying confining
beds. In a large subregion of the mid-Continent
extending from Michigan and Minnesota to Arkansas
(Fig. 1), Precambrian basement rooka are overlain
by basal Cambrian sandstones. Water in this
sandstone is known to range from fresh to saline,
to stratified freah and aaline; but, in many
parts of the region, data on water quality in
this aquifer are sparse. Moreover, a confining
shale layer above the aquifer appears to be
lacking in most places.

Conclusion
A geologic isolation system involving a
crystalline host rock overlain by a porous medium
aquifer containing non-potable water which in
turn is overlain by a shale confining layer
appears to be a feasible concept for high-level,
radioactive-waste isolation in parts of the
eastern United States. Additional work would
need to be done to determine if any areas
suitable for additional study are present within
those subregions where the concept appears to be
broadly feasible.
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SURVEY OF FOREIGN TERMINAL RADIOACTIVE WASTE STORAGE PROGRAMS
K. M. Harmon
Pacific Northwest Laboratory
Richland, Washington 99352
INTRODUCTION
Since late 1976, a small group at Pacific Northwest
Laboratory (PNL) has attempted to track for DOE the
radioactive waste management programs of other countries, as an aid to DOE in planning for US participation in international information exchange activities. A report summarizing our understanding of waste
repository development programs in WOCA (World Outside Centrally Planned Economies Area) countries was
presented at the 1982 Annual NWTS information meeting.
This paper is an update of that report.*

these estimates are based on a.1980 analysis by the
Nuclear Assurance Corporation/ 1 ' modified by PNL
to reflect subsequent changes in nuclear power
ple'i. construction plans. The estimate for the
USA, included for purposes of comparison,.comes
from a 1983 analysis published by ORNL.* Z)
According to this projection, spent fuel arisings
by the year 2000 range from a low of a few hundred
tonnes to the high of about 57,000 tonnes expected
for the US.
SPENT FUEL STORAGE< 3)

SPENT FUEL ARISINGS

As shown in Table 1, national plans for interim
storage of spent fuels differ significantly. Many
countries are preparing for at-reactor (AR) storage
until the fuels can be sent to a reprocessing plant
or to a geologic repository. In some cases, this
may mean a storage period of 50 years; national
authorities feel that even this long a time will be
quite safe. Other countries are planning to supplement AR pool storage with dry storage in casks
of cast iron, steel or concrete or in convection
vaults. In some cases the supplemental storage

Figure 1 depicts the magnitude of the spent fuel/
waste management problems faced by the WOCA countries that have nuclear power plants operating
and/or under construction. It gives PNL estimates
of the weight of spent fuel that will have been
produced by the year 2000. Except for the USA,
* References are provided where possible. Much of
the Information was obtained through personal
communications or from unpublished documents.
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Fig. 1. Cumulative National Spent Fuel Arisings Through Year 2000
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Table 1. Interim Storage of Spent Fuels
Reactor Mix

Country
Belgium
Canada

RAD

Storage Mode

LWR

At-reactor (AR) pools

PHWR

AR pools

Dry storage: concrete casks, convection vaults. Fuel durability

Finland

LWR

France

LWR, GCR

AR or reprocessing
plant (FRP) pools

Design:
FRP

LWR

AR pools; AFR-cast
iron casks

Cask testing and licensing;
design—vault storage

Germany (FRG)

AR pools

India

LWR, PHWR

AR pools

Italy

LWR

AR pools

Japan

LWR, HWR

AR pools

Netherlands

LWR

AR pools

Spain

LWR

AR pools; AFR-concrete
casks

Storage cask design and testing

Sweden

LWR

AR and AFR pools

Canister design for terminal
storage

Switzerland

LWR

AR pools; AFR-casks

Design studies—storage casks

UK

GCR, PWR

USA

LWR

Dry storage design

AR pools or dry vaults
AR pools and metal
casks

f a c i l i t i e s w i l l be located at the reactor s i t e , in
othe1" cases at one or more away-from-reactor (AFR)
locations. West Germany, for instance, has a
1500 t(U) dry storage f a c i l i t y ready for operation
at Gorleben and a second under construction at
Ahaus. Spain, Sweden and Switzerland also plan to
build AFRs, Sweden using the pool concept.

Cask development and testing

b.

Some countries are developing repositories
that can handle either HLW canisters or
spent fuel packages, or 1n some cases
both. These countries are either s t i l l
evaluating their fuel cycle options but
wish to proceed with their repository
design, or they have contracted for foreign reprocessing service for part of
t h e i r spent fuel but may turn to terminal
fuel storage for the rest.

c.

One country (Spain) has decided against
reprocessing and is planning for disposal
of spent fuel but not HLW canisters.

GEOLOGIC DISPOSAL(3"6>
Tablss 2-5 summarize some of the geologic disposal
parameters and research and development a c t i v i t i e s
of the countries considered in this paper. To
generalize:
1.

2.

dry storage for La Hague

The geologic media being studied f a l l into
three main classes: a r g i l l i t e s (clay or
shale); crystalline rock (granite, basalt,
gneiss or gabbro); and evaporites (salt format i o n s ) . Many of the countries have selected a
specific medium for f i r s t - p r i o r i t y attention
and are proceeding to identify and characterize potential repository sites; others have
yet to make such a selection. A few countries
are maintaining a low-priority effort on potential alternatives to their preferred rock
types.

3.

Most nations plan to allow 30 years or longer
between the fuel discharge from the reactor
and the emplacement of HLW or fuel in a repository, to permit extensive thermal and
radioactive decay. In general, national
authorities have judged that either spent fuel
or v i t r i f i e d HLW can be stored safely i n
interim f a c i l i t i e s for 50 years or longer.

4.

Most repository designs are based on the mined'
gallery concept in which the waste or spent
fuel packages are placed in shallow holes in
the floor of the gallery. Retrievability is
required in a few cases.

5.

Many countries have established extensive and
costly programs of site evaluation, repository
development and safety assessment.

Long-term plans for geologic waste disposal
may be divided into three categories:
a.

Many countries are designing geologic
repositories to handle canisters of v i t r i fied high-level-waste (HLW), but not spent
fuels. These are the countries committed
to reprocessing—in their own plants, in
foreign plants, or in both.

Table 2. Geologic Media Selected for Further Study
Crystalline Rock

ArgilUte
Belgium
Italy

Evaporite

Canada
Finland
France
India
Japan
Spain
Sweden
Switzerland

Japan

Denmark
Germany (FRG)
Netherlands
Spain

UK
USA

USA

Backup Rock Types:
Argil lite
- Canada, France, UK
Crystalline Rock - Italy
Evaporite
- Canada, France, Italy, UK

Table 3. Geologic Disposal Parameters

Country
Belgium
Canada
Denmark
Finland
France

FRG
India
Italy
Japan
Netherlands
Spain
Sweden
Switzerland

Wastes To Be Accepted
by Repository

Total Waste
Cooling Time Before
Emplacement, yr

Earliest Time
for Repository
Operation

50
50
40

Mid-1990s (Alpha)
After 2010
> i 2040
2020
1993 (Alpha)
2000

HLW, ILW
HLW or spent fuel

HLW
HLW or spent fuel

TBD
TBD

HLW

30
30
50

HLW (& spent fuel?)

HLW
HLW
HLW
HLW
Spent fuel
HLW & spent fuel
HLW (& spent fuel?)

UK
USA

HLW
HLW

TBD
TBD

30

2020

10
10
30
35
50
10

TBD
TBD
2020
2020
2040
2000

Table 4. Geologic Disposal R&D

Country
Belgium
Canada
Denmark
Finland
France
Germany (FRG)
India
Italy
Japan
Netherlands
Spain
Sweden
Switzerland

UK
USA

Site
Inventory
& Assessment

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Exploratory
Drilling
& Testing

In Situ Testing
URL-MOL (1984)
URL-WNRE (1986).

X
X
X
X
X
X

RA demonstration (?)

Test & Evaluation Facility (1992)
Asse (1965)--HLW test
Kolar (1983)
URL-SICILY; Test repository (-1995)
Cold & hot testing; t r i a l disposal (2015)
ASSE (1982)—Borehole tests

X
X
—
—
X
X
X
X

Stripa (1977); Pilot f a c i l i t y (?)
Grimsel (1983)
Field Tests—Cornwall
Test & Evaluation Facility
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Table 5. Repository Design Parameters
Country
Belgium

Clay

Canada

Granite/Gabbro Plutons

Denmark
Finland
France
Germany (FRG)
India
Italy
Japan
Netherlands
Spain
Sweden
Switzerland

Salt
Granite
Granite
Salt
Granite/Gneiss
Clay
TBD
Salt
Salt/Granite
Granite/Gneiss/Gabbro
Granite
Granite
Salt, Basalt, Tuff, Granite

UK

j

Design Concept

Geology

l

USA

Much of the geologic waste repository RSD performed
by Member States of the European Communities 1s
funded partly by the Commission of the European
Communities (CEC), under the CEC's "indirect
action" program. Under the CEC plan, Germany
(FRG) and the Netherlands handle salt repository
technology development; Belgium and Italy are
studying clay technology; and France and Great
Britain have the granite repository assignment.
Denmark and Ireland play supporting roles.
r

Table 2 l i s t s the types of geologic media selected
by each country for further evaluation, Tables 3
and 4 indicate the national strategy and repository
design concepts for geologic disposal, and Table 5
shows the current state of the disposal R&D program. The following sections ptovide further information on those countries outside the US where
the program has progressed beyond the i n i t i a l site
inventory and assessment phase.
Belgium^7)
Belgian workers are evaluating an extensive clay
bed which dates back to the Oligocene age (35 million .years ago). Current work is concentrating on
the underground research laboratory (Hades) recently constructed at a depth of 225 meters at the
Nuclear Research Center (SCK/CEN) site near Mol.
In that area, the upper and lower boundaries of the
clay bed are at depths of 160 and 270 m, respectively. The laboratory, situated in a concretelined gallery 3.5 m in diameter and 30 m long, will
be used for in situ studies of the clay formation
(hydrology, geowechanics, and thermal and corrosion
effects). Experimental work is to start in 1984.

In-floor disposal (-225 m); short-term
retrievabmty
In-floor disposal; 20-yr
retrievability
Deep boreholes (-1200 to -2500 in)
In-floor disposal
In-floor disposal
In-floor disposal

In-floor disposal
Gallery/deep boreholes
In-floor disposal (-500 m)
In-floor disposal (to -2500 m)
In-floor disposal; 50-yr
retrievability
Expansion of the laboratory to a repository 1s being considered. If all goes as planned, the data
file required for authorization proceedings will be
complete about 1987-8 and the repository could be
ready to receive ILW and alpha wastes as soon as
the mid-1990s.
Canada^ 8 ' 9 )
Canada has
and closed
nology for
spent fuel

not yet decided between the once-through
fuel cycles, hence is developing techconditioning and disposing of either
or reprocessing wastes.

The Canadian program has three phases: concept
assessment, the responsibility of AECL's Whiteshell
nuclear research center; site selection; and construction of a demonstration vault. The concept
assessment (R&D) program falls into two major
categories:
1.

Spent fuel and waste immobilization. The current concept calls for canisters with a 300to 500-year l i f e , but a modest effort is being
applied to the development of materials for a
1000-year canister;"'

2.

Geoscience research. Deep exploratory d r i l l ing and mapping have been carried out at
several research areas, and AECL recently
announced a 10-year, $10 million regional
hydrogeological flow system research project
in Northwestern Ontario. The primary focus of
the geoscience research program continues to >
be the Underground Research Laboratory (URL),
being constructed in a previously undisturbed
granitic pluton near Whiteshell.

202

The URL project will assess the ability of modern
techniques to characterize large volumes of plutonic rock from the surface of the ground, to
assess the effects of excavation on the rock mass,
to develop shaft and drift seals and to assess the
accuracy of various mathematical models used to
predict near-field conditions in the rock mass.
Shaft excavation is to begin in early 1984, laboratory operations in 1986.

German authorities also intend to establish a
repository for LLW In the abandoned Konrad mine,
also In Lower Saxony, and may seek a license for
LLW disposal in the Asse mine.

Denmark^ 4 > s )

lndia<12>

The political situation in Denmark requires that
safe disposal of any nuclear power wastes be
assured before governmental approval is given for
nuclear power plant construction. Hence, two
Danish utilities have sponsored a major study,
including deep drilling into candidate formations,
which has concluded that vitrified HLW can be
stored safely in the salt domes in northern
Jutland. The study is being evaluated by Danish
authorities.

The Indian program for terminal disposal of v i t r i fied HLW currently centers on investigation of
candidate sites for a repository in peninsular
gneisses and granite formations. An experimental
research station is to be set up at a tunnel 1500 m
deep in an abandoned section of a mine at Kolar in
northern India. The station will be used for a
variety of in situ studies.

Finland 1 4 > 1 0 ) '

Italy has started a program to characterize clay
deposits throughout I t a l y , and is preparing for
exploratory d r i l l i n g at a number of sites. As part
of the development program, an in situ heating
experiment and a 380-m exploratory borehole were
completed under the Trisaia Nuclear Research Center
1n southern Italy, and an underground laboratory is
planned at Pasquasia in Sicily.

Finland is preparing to dispose of either spent
fuel or v i t r i f i e d HLW in Finnish granitic bed rock.
Search for a site has been limited to making an
inventory of prospective locations and to preliminary investigations of potentially suitable areas.
France^ 4 ' 5 *
France has several types of formation which may be
suitable for repository use—granite, salt and
clay—and is investigating all of them. However,
in keeping with the French assignment from the CEC,
most of the French studies have concentrated on
granite massifs. These have included deep d r i l l i n g
at Auriat in the Massif Central, testing of techniques at formations in Brittany, laboratory-scale
studies and theoretical investigations. ANDRA
authorities have stated that there will be a need
to construct, for operation beginning in 1992,
either an interim storage f a c i l i t y for HLW, a test
and evaluation f a c i l i t y which will serve as a retrievable storage f a c i l i t y , or an operating repository. At one time, French policy favored long-term
interim storage"(up to 100 years), but present
opinion seems to favor final disposal after only a
few years' interim storage.
Germany (Federal Republic) (4,11)
West Germany (FRG) is progressing rapidly toward
the construction of a salt dome repository near the
town of Gorleben in Lower Saxony. Preliminary site
characterization, including the drilling of four
deep boreholes, has been completed, and preparations are being made to drill two shafts 7-.5 m in
diameter to repository depth (700 to 800 m below
the surface). Shaft construction, to start in
1984, will take four years and will be followed by
a four-year underground exploration period. The
repository is being designed to accept conditioned
HLW, 1LW or spent fuel and is scheduled to be ready
for operation by the year 2000.

Supporting RSD is focused on in situ tests 1n the
Asse salt mine, some of them conducted in a joint
project with the US (to be discussed in a later
paper).

Ita1y<4-5>

The Japanese are in the f i r s t phase (research on
potential geologic formations, 1976-1985) of a
five-phase repository program. Several different
geologic formations are being studied (granite,
t u f f , shales and diabase); hydrogeological information is being collected from old mines; and preliminary in situ heating and permeability tests
have been carried out in a diabase rock mass. The
program is targeted toward selection of a test site
by 1995 and t r i a l disposal of HLW glass canisters
starting in 2015.
The Netherlands^4'5)
Holland, with only a small nuclear program, is
nevertheless committed to take HLW glass back from
foreign reprocessors. A site pre-selection procedure has indicated that nuclear wastes can be
safely disposed of in underground salt domes
located in northeast Holland, but political pressures have prevented exploratory d r i l l i n g . Currently, the feasibility of constructing a repository in a salt dome beneath the North Sea is being
evaluated.

Current government policy is to avoid reprocessing
and to provide a repository for spent fuel. Site
selection activities focus on salt and granite formations. Research is under way to select two repository sites.
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Sweden* 4 ' 5 ' 13 '
Under current policy, which allows a maximum of
12 reactors and requires that all 12 be decommissioned after they have operated for 25 years, the
Swedish nuclear power program will produce about
7000 t(U) of spent fuel. Of this, 870 t are to be
reprocessed in foreign plants. The rest may be
,eprocessed, but will probably be placed in a
repository along with the vitrified HLW which will
be returned by the foreign reprocessers.
The Swedish repository program has reached the
point that: 1) authorities have approved a SKBF
report which testifies that conditioned HLW can be
disposed of safely in an appropriate crystalline
rock formation in Sweden and are reviewing a similar SKBF report on the disposal of spent fuel;
2) exploratory drilling and site evaluation are in
progress at several potential repository sites;
3) in situ testing continues in Sweden's Stripa
Mine in an international project coordinated by the
OECD Nuclear Energy Agency; and 4) supporting studies are in progress at several laboratories and
research institutes. It has not been decided yet
if a pilot facility is to be built, but the final
construction permit is scheduled for 2010.
Switzerland* 4 ' 5 ' 14 ^
Present federal law requires that the nuclear u t i l ities establish a project guaranteeing the longterm safety of waste disposal before any new reactor can receive a general permit allowing design to
start. The Minister of Energy followed up the passage of this law with the stipulation that i f a
satisfactory waste storage project has not been established by December 31, 1985, operating licenses
may be withdrawn from existing reactors. A major
NAGRA goal is the preparation by the end of 1984 of
a report which satisfies the Minister's stipulation. The government then has a year to decide
whether or not to accept the report.
NAGRA is preparing to store either HLW glass logs
or spent fuel. Efforts to site the repository are
currently centered on the crystalline granitic
basement underlying the north and central part of

the country, the Alps being excluded because they
are relatively new and relatively unstable. Extensive hydrologic and surface characterization studies have been done, and the major effort Is now
being applied to d r i l l i n g deep boreholes at twelve
sites, in a five-year program aimed at determining
which region(s) should have additional d r i l l i n g and
perhaps a shaft.
As part of the R&D program, KAGRA is building an
underground laboratory in the Alps, at Grimsel
Pass, for a variety of in situ tests. The laboratory was scheduled for startup this year.
United Kingdom*4'5'15)

For several years, the UK maintained an aggressive
geologic disposal program with emphasis on crystalline formations. Potential sites were inventoried,
exploratory boreholes were drilled into a granite
formation in northern Scotland, field tests were
run in a granite repository in Cornwall, exploratory drilling permits were sought for several
sites, and varied laboratory R&D programs were
conducted. In December 1981, the government announced the decision to 1) store conditioned HLW at
the surface for 50 years or longer, 2) defer for
many years a decision concerning terminal storage,
and 3) withdraw all applications for exploratory
drilling. The UK disposal program was then reoriented to confirm the applicability to the UK of
the findings from research in other countries.
INSTITUTIONAL ASPECTS
Institutional matters are summarized in Table 6 for
11 nations which have set up national companies or
special government agencies to locate, build and
operate radioactive waste storage and disposal
sites. Some are concerned with all types of waste,
some with low- and intermediate-level wastes only,
and one (USA) with spent fuel and high-level waste
only. Four of the companies were organized in response to the enactment of national "stipulation"
laws which make continued use or construction of
nuclear power facilities contingent upon the development of satisfactory plans for managing the spent
fuel and reactor wastes. In nearly all countries,

Table 6. Institutional Aspects of Waste Disposal

Country
Belgium
Canada
Finland
France
Germany (FRG)
Italy
Netherlands
Spain
Sweden
Switzerland
UK
USA

Stipulation
Law

Company
or Agency
Acronym
ONDRAF

—
Yes (LLW)
—
Yes
—
—
—
Yes
Yes
—

—
YJT
ANDRA
D3E
Nucleco
Covra
ENRESA
SKBF
NAGRA
NIREX
OCRWM

Most Pressing
Objective
ILW/TRU
Spent fuel/HLW
LLW/ILW
LLW/1LW/TRU
All wastes
LLW/ILW
LLW/ILW
LLW/ILW
All wastes
All wastes
LLW/ILW

HLW

21)4

_

•

Source of'Funds
Producers ,':
KWH tax .$>
Utilities!-,;^
Producers
Utilities
Government
Utilities, government
Government
KWH tax
Utilities
Producers
KWH tax

waste disposal 1s funded j>n the principle that the
producer pays.
I n well over half the countries, disposal of
LLW/ILW 1s seen as the most pressing problem, the
national a u t h o r i t i e s feeling that spent fuel and/or
conditioned high-level wastes can and should be
stored r e t r i e v a b l y for periods of 30 years and more
and that development of a HLW repository, while
necessary, i s less urgent.

6. "Analysis of the Present Situation and Prospects in the Field of Radioactive Waste Management 1n the Community," Commission of the
European Communities, May 1983.
P. DeJonghe, L. Baetsle, J. Claes,
R. de Batist, R. Heremans, N. Van de Voorde,
"General Perspectives in Radioactive Waste
Management in Belgium," Proceedings, ANS Topical Meeting in Waste Management, Rich!and,
Washington, April 1982, p. 7.

CONCLUSIONS
I t is apparent that many countries are applying
themselves seriously to solving t h e i r own'waste
i s o l a t i o n problems, and that repository development
programs vary widely from country to country. But
i t 1s also evident that national programs in common
geologies are s i m i l a r in many respects. I t appears
to us that there is s i g n i f i c a n t benefit to be
gained from continued cooperation among countries,
through the channels of the international agencies
and through b i l a t e r a l exchanges, in the many
e f f o r t s to develop acceptable solutions to the
waste disposal problem.
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NEA SEABED PROGRAM:

US ROLE

D. Glenn Boyer
Haste Management and Transportation Development Division
U.S. Department of Energy
Albuquerque, NM

INTRODUCTION

To provide a forum for assessing progress
and coordinating research and development
efforts.

The United States began to assess seabed
disposal in 1974, with the objective of
determining whether It would be feasible to
isolate radioactive wastes within the stable
geologic formations of the deep ocean floor.
Vast areas of clay sediments that cover the
seabed were identified as geologically stable
and predictable—features that are necessary to
ensuring the safety of any waste repository.
Moreover, these areas of the seafloor were found
to be low in natural resources, suggesting that
a potential repository would probably not be
distributed in the future.

To coordinate research vesnel cruises and
experiments.
To share facilities and test equipment.
To maintain awareness of international
policy Issues.
In order to meet these goals most efflcently,
the SWG began by identlfing the overlapping
research areas between the proposed national
seabed disposal programs and other existing
national and international waste disposal
programs. At the present, the SWG is
coordinating these efforts through a Five-Year
Research and Development Plan leading to a
complete assessment of the feasibility of the
seabed concept.

During the mid-seventies, other nations also
began to assess the feasibility of the seabed
disposal concept. To coordinate the
international assessment of seabed disposal, a
Seabed Working Group (SWG) was established in
1977 under the auspices of the Nuclear Energy
Agency of the Organization for Economic
Cooperation and Development (OECD/NEA). Now
known as the NEA Coordinated Programme for the
Seabed Disposal of Radioactive Waste, the SWG
has met annually since that time [Ref 1-7].
Membership in the SWG is currently restricted to
OECD/NEA member countries who are actively
assessing seabed disposal. Other OECD-members
are invited to be observers at SWG meetings if
they are considering future participation in the
SWG. The present members of the SWG are Canada,
the Commission of European Communities, France,
the Federal Republic of Germany, Japan, the
Netherlands, Switzerland, the United Kingdom,
and the United States. Belgium and Italy
participate as observers.

THE SUBSEABED DISPOSAL CONCEPT
The reference seabed disposal concept includes
the transport by rail or truck of solidified
reprocessed high-level radioactive wastes or
spent nuclear fuel elements in shielded shipping
casks to port facilities. Fig. 1.
At the port facilities the waste packages are
prepared for burial in the stable sediments of
the deep ocean floor and placed on ocean
transport and emplacement ships. The ships
transport the wastes to the subseabed repository
site.
At the site the specially designed waste
containers are buried tens of meters into the
red clay sediments, located near the center of
stable tectonic plates of the ocean floor, under
the hub of a surface circulating water masc,
away from shipping lanes, communication cables,
and in areas low in natural resources.
Following emplacement, the subseabed repository
site is monitored to assure correct emplacement
and to take corrective actions if necessary.
Areas of both the North Pacific and North
Atlantic are being assessed as candidate seabed
repository sites.

THE NEA COORDINATED PROGRAMME
FOR THE SEABED DISPOSAL OF RADIOACTIVE WASTE
Most member-countries in the SWG are proceeding
with plans to develop a high-level waste
repository in stable geologic formations located
within their national boundries, while
continuing to assess the feasibility of seabed
disposal as a potential option for the future.
The goals of the Seabed Working Group are:
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Fig. 1.

Conceptual Seabed Disposal System
In June 1983, participants in the 8th annual SWG
meeting approved a Five-Year Plan (1983-88) as a
basis for directing and coordinating the
research for assessing concept feasibility.
This plan is intended to coordinate
individually-funded national programs and to
encourage members to conduct joint field
experiments. The Five-Year Plan calls for the
completion of scientific and environmental
feasibility assessment in 1989. This assessment
report will cover four major areas: Site
Assessment, Emplacement Systems,
Radiological/Safety Assessment, and
Institutional Acceptability, addressing the
following questions:

The seafloor offers promise as a potential
future repository site for the following reasons:
-Some of the most stable, predictable
geologic formations on earth lie under the
deep oceans*
-The clay sediments characteristic of these
formations tend to form strong chemical
bonds with most radionuclides.
-These formations have few useful mineral or
other resources.
-The water near the ocean bottom is
generally stable in temperature and uniform
in chemistry.

Site Assessment: Are there locations In the
oceans that have the geological stability and
barrier properties suitable for disposal and
isolation of radioactive waste?

-The oceans have the capacity to disperse
and dilute noxious materials which may
eventually reach the sediment/water
interface.

Emplacement Systems: Are there techniques for
emplacement and isolation of wastes that do not
destroy the natural characteristics of the
seabed?

-The regions under consideration are in
international waters, and if the conceyt
proves feasible, could be appropriate
locations for an international repository.

Radiological/Safety Assessment: Are there
acceptable radiological doses and miniaal
environmental Impacts that would result from a
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characteristics. This method is currently being
used for studying a limited number of locations
in both the North Pacific and North Atlantic
Oceans. Fig. 3. Five sites in the Pacific and
15 in the Atlantic have been studied. The US
program has identified two sites in the North
Pacific which meet the provisional site
criteria. However, additional detailed specific
site characterizations is required. Fig. 4.
Work done by Canadian, French, Dutch, and
British programs indicate that two sites in the
North Atlantic are promising. By 1986, these
North Atlantic sites should be as well
characterized as the two North Pacific sites
Fig. 5.

total seabed disposal «y«tem? What dose to
huaans and effect* on the marine ecosystems
could result fro» normal disposal operations and
assumed accident conditions?
Institutional Assessment.' Are there legal and
Institutional frameworks that exist or that
could be established that would provide domestic
and International regulatory mechanisms to
operate and control a seabed disposal system?
The SWG Is directed by an Executive Committee
composed of representatives from each country.
The SWG Is divided Into eight task groups to
facilitate coordination of research: Systems
Analysis, Site Selection, Near-Field Studies,
Sediment Barrier, Engineering Studies, Biology,
Physical Oceanography, and Legal and
Institutional Studies. The Task Groups are
composed of experts designated by each
participating country. Fig. 2.

Engineering Studies
Engineering studies are currently directed
towards studying two emplacement techniques:
penetrator emplacement and drilled emplacement.
The US and UK programs have developed models to
predict penetration depth based on land and
shallow-water scaled-penetrator tests.

A Coordinating Bureau, established in 1983,
focuses the research and development efforts
towards completing the feasibility assessment as
outlined in the Five-Year Plan.

If the penetrators are of sufficent mass, the
models predict that a free-fall penetrator may
achieve depths of up to 50 metres. Cooperative
deep water field tests of free-fall penetrators
to confirm predictions are planned in the spring
of 1984 by the Netherlands, UK, US, and the
European Communities. Fig. 6. If additional
depth of penetration is required, boosted
penetrators could be used. This concept has
been successfully demonstrated in shallow water
tests. Fig. 7.
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Fig. 2. Organization of the NEA Seabed Working
Group and Task Groupw
At the end of five years, the SWG Executive
Committee will submit a Summary Report of Task
Group Findings and Recommendations to national
governments through the NEA. This document, to
be prepared in cooperation with the Task Group
Coordinators and the NEA Secretariat, will
either recommend and justify further research
and development of the seabed disposal concept
or will detail the scientific and environmental
reasons that indicate that countries should
abandon the option.
STATUS:
Site Assessment
Site qualification plans and procedures have
been developed: Generic guidelines have evolved
into a formal systematic method gf evaluating
sites on the basis of desirable geological,
chemical, physical, and biological

o
a
o
o
o

If considerably deeper burial depths are
required, the drilled-hole emplacement concept
could be developed. France is assessing drilled
emplacement concepts but currently no field
tests are planned. Fig. 8.
Radiological/Safety Assessment
To be able to qualify the long-term radiological
consequences of seabed burial of waste it is
necessary to build predictive models that
describe each component of the multiple-barrier
system and the pathways back to man.
Results based on model predictions, laboratory
measurements, and seabed laboratory tests
indicate heat from waste canisters is
transferred into the surrounding sediment by
conduction. This means the thermal fields can
be easily calculated. High pressure and high
temperature studies by the US program have been
conducted in the laboratory to determine the
effects of heat on the sediment matrix and
porewater chemistry. Using this laboratory
data, prediction modeling of the near-field
chemistry has begun. A one-year field test,
designated the in situ heat transfer experiment
(ISHTE), is being planned for deployment in
1986. The US has the lead role in this
experiment. Canada and the UK have expressed
interest in participating in ISHTE.

Fig. 3. Locations of five study regions In the N. Pacific and N. Atlantic were selected
using site qualification guidelines and a detailed review of Archive data. Smaller study
locations within these regions have been assessed using procedures specified by the Site
Asaessment Task Group.

/ 4f '>
'/ .*r i-r-Ea-l

PAC I REGION

GUAM

Fig. 4. Four study locations have been
assessed within the PAC-1 region of the
North Pacific. Study locations Bl and
E2 have been assessed in sufficient
detail to determine that they meet the
provisional site selection criteria.

Fig. 5. Study locations in The North
Atlantic have been identified using
Archive data and from data acquired by
The SWG. The Nares Abyssal Plains (NAP)
and The Great Meteor East (GME) study
locations will be further assessed.
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PENETRATOR RELEASED FROM
3 0 0 - 5 0 0 m ABOVE SEDIMENT
OR FROM SHIP
SEAWATER

SEDIMENT

20-40 m

i "fl
Fig. 8. Drilled-hole emplacement concept
(not shown to scale). Emplacement is
achieved as a multiphased operation, i.e.,
establish a drilled hole and guide cone,
emplace a canister via a drill pipe, backfill
the hole) and mark the location.

Fig 6. Free-fall peneCrator emplacement
concept (not shown to scale). The
emplacement energy is supplied by gravity
and the sediment hole is expected to close
dynamically.
LINE TO SHIP OR PLATFORM
ENTRAPPED WATER
REACTION MASS

PROPELLANT
CANISTERS

PENETRATOR

Fig. 7. Boosted penetrator concept
The
emplacement energy is supplied by a
propellent or other high-powered energy
source.

The 100°C In the sediment isotherm Is expected Co
be less than 1 m from a 1.5 kw canister surface.
The maximum canister surface temperature will be
about 25O°C, but will fall below 100°C after 40
years. Under these conditions the pore water in
the sediment cannot boil because of the high water
pressures at these depths. Thermally Induced
porewater movement is expected to be small, and
would therefore not lead to the release of
radionuclides.
The canister is more dense than the surrounding
sediments and the heat could cause the sediment to
rise. Under these conditions some canister and
sediment motion would be expected. The present
predictive models developed by the US program
predicts the canister would sink only a few
centimeters during the heated period with little
motion in the sediment. Therefore it would not
cause failure in the sediment barrier.
The same glass waste form that is being developed
for land based, mined repositories should be
suitable for seabed disposal. Some studies of
glass leach rates have been conducted in seawater
by the US program. The results are not
significantly different from rates of leaching in
fresh water, and indicate that radionuclide would
be released slowly over time, even after canister
failure.
The major barrier to the release of waste is the
far field sediments. Studies by the US, France,
Federal Republic of Germany and the Netherlands
have measured the sorption (Kd's) of a number of
isotopes to deep sea clay sediments. Studies have
also been conducted to directly measure the
effective diffusion rate through sediments. Both
the laboratory work and the predictions of

different models indicate that the sediments are
highly effective barriers to the movement of waste
radionuclides. Of the 39 isotopes that are
important in predicting the radiation dose received
by humans and marine biota, sensitivity studies
show that only five are not strongly sorbed by
oxidized sediment. Future studies scheduled from
1984 to 1988 will examine the long-term behavior of
these five radionuclldes: technetium-99,
carbon-lA, iodine-129, neptunium-237, and
selenium-79.
Models of circulating ocean waters and potential
pathways back to man by way of the biological food
web have been developed and are being refined. The
Physical oceanographic transport appears to be more
important than the biological transport. However,
additional field data is required to confirm
predictive models.
Preliminary sensitivity studies and safety analysis
of each of the multibarriers suggest that the peak
yearly dose to an individual would be 100,000 times
below the dose from natural background.
Institutional Assessment
The institutional aspects of seabed burial are in
the early stages of assessment. International law
has not directly addressed the seabed disposal
concept so there is currently considerable
ambiguity o n t n e international position of burial
of waste within the stable seabed formations. Two
distinct phases of the. institutional assessment are
being addressed. The first phase concerns that
time during the concept feasibility studies or
experimental phase when no significant quantities
of nuclear waste will be emplaced in the seabed.
The second phase of the assessment is based on
assumed concept feasibility and actual development
of a seabed disposal system.
At present, international law encourages research
and development to prevent pollution of the marine
environment, while prohibiting the "dumping" of
high-level radioactive waste at sea.
The SWG Five-Year Plan and Summary Report will
provide background information for the decision of
whether to develop a seabed repository if the
concept proves feasible. Although each nation may
establish its own policy in response to the NEA SWG
recommendations, the question of whether the London
Convention applies to seabed disposal became
salient in the international context.
The legal aspects of whether the seabed disposal
concept is within the jurisdiction of the terms and
conditions of the London Dumping Convention is the
subject of an ad hoc legal group meeting, December
12-14, 1983.
CONCLUSIONS
Although the NEA Coordinated Programme for the
Seabed Disposal of Radioactive Haste's feasibility
assessment is far from complete, we have found no
scientific evidence that indicates the option is
not feasible. The legal regimes however will need
further clarification.
The U.S. Subseabed Disposal Program:

1983 status
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report [Ref-8] was issued by Sandia National
Laboratories, Albuquerque, New Mexico in October
1983. The NEA Seabed Working Group Status report
[Ref-9] will be issued by OECD/NEA, Paris, France
in December 1983. Both of these documents can be
made available to interested persons.
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COORDINATING GROUP ON GEOLOGICAL DISPOSAL:

STATUS

James F. Strahl, Program Coordination Manager
Weston, NWTS Technical Support Team, USA

The International Stripa Project was initiated in
1980 and is anticipated to continue through 1985.
The following countries support the Stripa
Project: Canada, Finland, France, Japan, Sweden,
Switzerland, the United Kingdom, and the United
States. Work associated with the Stripa Project
is being conducted in two phases. The first
phase, which involves geochemical and hydrological studies, rock mechanics, and studies of
engineering aspects jf waste emplacement and isolation, is expected to be completed in 1984. The
second phase includes the development of geophysical investigation techniques, radionuclide
migration studies, fracture flow and radionuclfde
transport tests, and development of techniques
for sealing boreholes and shafts.

The Coordinating Group on Geological Disposal
(CGGD) is a specialized group to assist the
Radioactive Waste Management Committee (RWMC) and
Committee on Radiation Protection and Public
Health (CRPPH) within the OECD Nuclear Energy
Agency (NEA). The CGGD was mandated by charter
in 1977. The CGGD brings together experts from
the OECD/NEA member countries to discuss, organize, perform, and review relevant work as well
as to exchange pertinent information which could
assist each nation in solving problems associated
with geological disposal of radioactive material.
The interests of the CGGD encompass a broad scope
covering waste repository design, geochemistry,
thermal mechanics, and safety assessments. The
CGGD meets on an annual basis to discuss progress
of work and to formulate future activities. In
special cases, individuals from the committee
meet as required to review work and solve pending
problems.

During its recent annual meeting in October 1983,
the CGGD was informed of the completion of the
experimental activities 1n the first phase of the
project and work performed in phase two. The
annual report of the project for 1982 was distributed, and the Secretariat indicated the availability of a film and photographic documentation
of the experiments. In addition, the NEA produced a report on this project in January 1983.
It was further indicated during the October CGGD
meeting that Spain has expressed interest in participation in the second phase.

The purpose of this paper is to identify the
activities being implemented by the CGGD, and
further to focus on the current status of each
project along with work projected to be performed
in the next year. The CGGD is currently focused
on the following geological areas of work:
•

The Stripa Project

•

The International Sorption Information Retrieval System (ISIRS)

•

Workshops

•

Reports

ISIRS
The ISIRS Project, structured within the NEA to
develop a computer data storage system for the
results of radionuclide sorption experiments, is
directed by a technical committee from the following participating countries: Canada, Finland,
France, the Federal Republic of Germany, Italy,
Japan, the Netherlands, Sweden, Switzerland, the
United Kingdom, and the United States. The ISIRS
Project was initiated to obtain a detailed understanding and reliable quantification of radionuclide sorption phenomena, since it is widely
recognized that this information is essential to
the assessment of the extent of radionuclide migration in ground water from a repository. The
project was initiated in 1981, and was based for
the initial 2 year period at the Battelle Northwest Laboratory in Richland, Washington, USA.

A brief description, current status, and projected work for each activity are presented below.
THE STRIPA PROJECT
The Stripa mine is an abandoned iron mine in central Sweden. A granite formation is adjacent to
the ore excavations and is accessible at a depth
of 350 meters. Horizontal tunnels have been excavated into the granite suitable for experimental investigations.
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•

Source Term for Radionuclide Migration from
High-level Waste or Spent Nuclear Fuel in
Realistic Repository Conditions, USA,
September 1984.

The CGGD approved the organization of a workshop
on the coupling of hydrologic and geochemical
models for performance assessment of radioactive
waste disposal. The meeting will be held immediately prior to the fourth meeting of the ISIRS
Technical Committee.
The CGGD further approved the workshop on the
design and instrumentation of in-situ measurements for underground radioactive waste disposal
laboratories. This topic was discussed in the
previous CGGD meeting.
The CGGD also approved the workshop dealing with
the source term for radionuclide migration from
high-level waste and spent fuel. It should be
noted that this workshop must be completed along
with interpretation of results prior to expanding
the data bases identified with the ISIRS work.
REPORTS
Another vehicle to improve the understanding of
issues associated with the field of nuclear waste
disposal is through studies and subsequent issuance of related reports. One such report discussed at the October 1983 CGGD meeting is:
•

Long Term Radiation Protection Objectives in
Radioactive Waste Disposal (Report of the
joint CRPPH/RWMC Expert Group).

It was noted that the CRPPH/RWMC have formulated
several areas of improvements deemed necessary
prior to release of the document. The CGGD took
note of the fact that the draft report would be
reviewed again by the RWMC in December 1983 and
by the CRPPH in November 1983. It is expected
that several improvements will be provided to the
report prior to release.
Another
members
NEA and
October
•

report, based on material contributed by
of the group and prepared jointly by the
CEC Secretariats, reviewed by the CGGD in
1983 is entitled:

The Status of Development of Geological Disposal for Radioactive Wastes.

The CGGD agreed that the report, along with
several revisions offered by the group, should be
submitted to the RWMC with the recommendation for
publication.
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Computer software systems were adapted in 1981 to
the experiments of the international community.
In addition, specifications for a common reporting format were elaborated in 1981. In 1982, the
system became available for selective retrieval
of data from laboratories in the participating
countries. In 1983, the data base management
software and accumulated sorption data were installed at the NEA Data Bank in Saclay.

in performance assessment.
It was generally agreed that, prior to the completion of a proposed workshop (discussed in the
next section) associated with review of methods
and procedures for measuring parameters of Importance in very-near-field modelling (whose objective is to exchange information on the
understanding of the processes of controlling
radionuclide migration source terms), action on
the remaining activities should be deferred for
future discussions within the CGGD.

During its recent meeting in October 1983, the
CGGD was informed of the requirement for substantial reinforcement of the current data collection
to assess the value of the project. The group
recognized that the key to the successful development of the ISIRS data base requires the addition of the substantial quantity of data, available in the participating countries, that are not
currently in a form suitable for computer storage.
It was noted that several problems associated
with the transfer of the software to the NEA Data
Bank exist, but that the system is expected to be
operational on the NEA computer by the beginning
of 1984.

WORKSHOPS
As can be concluded from the above discussion,
one of the main objectives of the NEA is to pro- .
mote studies to improve data bases in support of
national programs. The CGGD utilizes this objective to improve the understanding of issues
associated with the field of waste disposal. One
vehicle to improve this understanding is the use
of workshops which cover subjects associated with
the migration of radionuclides, geophysical investigation, and safety assessments of potential
repository sites. Several workshops were completed in 1982 from which the publication of the
proceedings were completed in 1983. These wdrkshops are listed below:

It was proposed that the scope of data exchange
activities be broadened in the area of thermochemical data in keeping with the recommendation
of the third meeting of the ISIRS Technical Committee. This information would include data such
as Gibbs energy of formation, enthalpy of formation, entropy of formation, and heat capacity
functions. It was agreed by the CGGD that the
compilation of chemical thermodynamic data for
the radioelements technetium, uranium, neptunium,
Plutonium, americium, radium, cesium, iodine, and
strontium would be useful.
In addition, it was proposed that the data exchange activities be expanded to include information relevant to the near field processes which
could influence the source term for radionuclide
migration modelling. It is recognized that work
should be performed in developing data needs for
very-near-field assessments to ensure data availability considered essential for the overall
safety assessment for repository design and evaluation. Thus, future work activities include the
following recommendations:
•

To supplement sorption data with other related geochemical data - work initiated

•

Review experimental methods and procedures
for measuring parameters of importance in
very-near-field modelling

•

•

•

Geological Disposal of Radioactive Wastes:
Geochemical Processes (OECD, Paris, 1982).

•

Geophysical Investigations in Connection with
Geological Disposal of Radioactive Wastes
(AECL, Ottawa, 1982).

•

Geological Disposal of Radioactive Wastes:
In-Situ Experiments in Granite (Stockholm,
1982).

During the CGGD meeting in October 1983, the
status of the report for the most recent workshop
was described by the Secretariat. The workshop
is defined below.
•

To maintain the current sorption data base
capability (ISIRS) - ongoing

•

•

Experimental Methodologies for Radionuclide
Sorption Studies (OECD, Paris, 1983).

The committee
tant workshop
tariat pursue
the report in
shops.

concluded that this was an imporand recommended that the Secrethe possibility of publication of
the format adopted for other work-

The following workshops were proposed for the
year 1984 by the Secretariat at the recent CGGD
meeting.

Develop an international program of information exchange relevant to very-near-field
performance assessment

•

Establish a data bank for selected data on
waste form performance for near-field assessments

i

Integrate the data bank to ensure the availability of all information necessary for use
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The Coupling of Hydrologic Transport and Geochemical Models for Performance Assessments
of Radioactive Waste Disposal - in collaboration with the ISIRS Technical Committee,
OECD, Paris, June 1984.
The Design and Instrumentation of In-Situ
Experiments in Underground Test Sites for
Radioactive Waste Disposal - in cooperation
with the CEC, Brussels, May~15-17, 1984.

SPENT FUEL STORAGE AND DISPOSAL ASSISTANCE
TO NON-NUCLEAR WEAPON STATES
Robert H. Bauer, Associate Director
Storage and Systems Development,
Office of Civilian Radioactive Waste Management
U. S. Department of Energy

For some years the United States has been
cooperating with other nations and international
organizations in areas related to spent fuel
handling, storage, and disposal. The Department
of Energy has adhered to the policy of sharing
the results of their studies and programs in
these areas with other nations and
organizations. The Department has also sought to
establish a framework for U.S. private
organizations working in this field to cooperate
with their counterparts in other nations. It is
the intention of the Department to augment this
international cooperation on spent fuel
management. While it is anticipated that in the
near future most nations will be able to solve
their spent fuel storage problems on a national
basis, this is an area that could benefit in the
long-term from enhanced international
cooperation. As noted in the Final Report of the
International Atomic Energy Agency's Expert Group
on Inti national Spent Fuel Management*, there is
reasonably good assurance that adequate provision
for dealing with spent fuel will exist up to
1990. During the 1990"s, however, the Report
states that greater reliance must be placed on.
spent fuel management options which are now ,,»
mainly in the planning stage. The Report furtherstates that "By the year 2000, additional
capacity remains to be identified and eventually
provided. As greater reliance is placed upon
planned facilities, international cooperation
could provide greater assurances that adequate
means to deal with the spent fuel arisings would
be provided."

published a Notice in the Federal Register
announcing our offer of increased cooperation and
technical assistance under Section 223 of the
Nuclear Waste Policy Act of 1982.
In the course of developing new arrangements with
other governments, we will be guided by a number
of factors. These include:
Whether the proposed program of cooperation
will be useful in assisting a non-nuclear
weapon state in overcoming significant and
timely spent fuel storage or handling
problems;
Whether the arrangement will serve to advance
knowledge in the field;
Whether the arrangements will help solve
common spent fuel handling problems; and
Whether the arrangements will contribute to
more predictability in fuel cycle operations.
NATURE OF U.S. ACTIVITIES OFFERED
U.S. utilities are presently storing spent fuel
in water-filled pools at the reactor sites.
Although storage capacities have been expanded,
additional capacity will be needed at some sites
in the next few years. The gravity of this
problem could increase rapidly unless additional
capacities are made available on a timely basis.
Therefore the Department of Energy, industry, and
the utilities are now developing alternative
methods for consolidating, transporting, and
storing spent LWR fuel. In addition, the
alternative of monitored retrievable storage and
geologic disposal are being evaluated.

Some of the new storage technologies under
development hold promise for reducing the cost of
storage. Also, there are incentives for
developing common standards and guidelines
between nations relating to the conditions for
shipping spent fuel. Nations can benefit from
comparing information on regulatory practices,
and in some cases it may be productive for
nations that have common spent fuel storage
problems to explore new institutional
arrangements to facilitate joint action.

Under Section 223 of the Nuclear Waste Policy
Act, the Department of Energy offers the
following to non-nuclear weapon states and
international organizations:
To provide information (documents, reports,
etc.) in the areas of spent fuel handling and
storage, including pool storage, spent fuel
packaging, and dry storage in metal casks,
drywells, vaults and concrete silos;

NOTICE OF DOE AND NRC OFFER OF COOPERATION
On March 30, 1983 the Department of Energy and
the Nuclear Regulatory Commission jointly
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for cooperation. Of course 1n some cases this
plan could be quire simple, specific, and of
short duration. Where appropriate, cooperation
can begin before a joint agreement is concludad.

To provide information on away-frow-reactor
and monitored retrievable storage;
To arrange visits and briefings between
foreign representatives and Department of
Energy and contractor personnel, and to
facilitate International business
arrangements;

In order to have the maximum utilization of our
Industrial and utility experience, we have
solicited their formal expressions of interest in
supporting the program outlined under Section
223. Their responses have been excellent.
Forth-f1ve commercial organizations have offered
a range of services that fully covers the scope
of Section 223.
,.

To arrange consultations on other nations'
proposed spent fuel storage development plans
and facility designs;
To furnish Information on U.S. standards and
computer codes relevant to spent fuel systems;

As you know, we have many bilateral agreements
already in place for cooperation oi\civilian
nuclear power development. Wherever^ these
agreements include cooperation on spent fuel
management, this cooperation will continue under
the existing agreement if our partner so wishes.
It is not necessary to transfer this to the
Section 223 activity.

To cooperate with international organizations
to disseminate relevant information to
non-nuclear weapon states.
We are also prepared to participate in jointly
funded development and demonstration activities
under Section 223.

We will also continue our support to the spent
fuel management programs that are sponsored by
the international agencies.

These include:
concepts for disassembling spent fuel
assemblies and consolidating fuel rods in
operating reactor pools;
-

CONCLUSION
Nuclear power development In any country should
not be hampered by shortcomings In our abilities
to manage spent fuel. We must be able to assure
ourselves and the general public that spent fuel
will be managed cost-effectively and safely, I
believe that the offer made by the Department of
Energy and the Nuclear Regulatory Commission
under Section 223 of the Nuclear Waste Policy Act
of 1982 is a very positive step on the path to
achieving that goaf.

spent fuel packaging for storage and disposal;
feasibility of away-from-reactor storage;
feasibility of monitored retrievable storage.

The Department also offers its cooperation and
assistance in planning, siting, technology
development, and design of systems for the
geologic disposal of spent fuel, where this
option is of interest.
I should point out that the offer being made
under Section 223 does not include transfer of
spent fuel to the United States, nor does it
include spent fuel from research reactors.
Section 223 requires that the President's annual
budget message to Congress include funding
requests for this expanded program in order to
assure its continued support. It is also a
requirement that the Federal Register Notice of
March 30 be updated and reissued annually for 5
years.
In addition to the Federal Register Notice, we
have notified all non-nuclear weapon states of
this offer through the normal diplomatic
channels. Once an expression of interest by a
non-nuclear weapon state has been received by the
Department of Energy, direct cooperation can
begin.
We have now received the early responses to our
offer, and have met with representatives of
several countries. Following exploratory
discussion we will meet at a more technical level
in order to become familiar with each other's
program plans and requirements. This will serve
as the basis for jointly developing an agreement
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ASSE SALT MINE NUCLEAR WASTE REPOSITORY SIMULATION EXPERIMENTS
Arthur J. Coyle
Office of Nuclear Waste Isolation
Battelle Memorial Institute
Columbus, Ohio
INTRODUCTION
This paper is a status report of the first 82
days of operation of the "Asse Brine Migration
Tests", which were initialed on May 25, 1983 in
the Federal Republic of Germany (FRG). These
tests are part of the US-FRG Cooperative Radioactive Waste Management Agreement. The United
States effort is a project of the Department of
Energy Nuclear Waste Terminal Storage (NWTS)
Program and managed by the Office of Nuclear
Waste Isolation (ONWI) operated by the Battelle
Project Management Division (BPMD). Test design
and construction was conducted by the Waste
Technology Services Division of the Westinghouse
Electric Corporation and their subcontractor,
D'AppoTonia Consulting Engineers. In the FRG,
the project is funded by the Bundesminister fur
Forsh-ung und Technologie (BMFT) and operated by
the Institut fur Tieflagerung of the Gesellschaft
fur Strahlen-und Umweltforschung (GSF-IFT).

3 and 4 will be electrically heated and be provided with radioactive sources (see Figures 1-5).
Sites 1 and 2 were energized on May 25, 1983
and Sites 3 and 4 will be energized and loaded
with radioactive sources in December 1983. The
tests will run for two years.
Sites 1 and 3 will be closed, i.e., brine and
gases will collect in the boreholes and be permitted to build up pressure to lithostatic
levels. Sites 2 and 4 will be maintained at about
one atmosphere by circulating dry nitrogen gas
through alumina beads which maintain the volume
between the test assemblies and the borehole
salt. After the nitrogen gas leaves the borehole,
it is routed through a cold trap to remove moisture
and provide data on brine migration rates. Gas
samples from all sites can be obtained periodically for analysis to determine the effects of
corrosion and radiation.
Test Design Parameters

Background
The field tests underway in Asse, FRG ave directed toward the development of test plans,
techniques and equipment to be used in Exploratory Shafts or At Depth Test Facilities confirmation tests. These simulated repository tests
will also provide information which.address the
following issues.
Brine migration (liquid and vapor)
Radiation effects of gamma rays
Gas generation caused by radiation
and corrosion
Accelerated corrosion and leaching
Altered properties of salt (the effects
of heat, radiation and brine)
• The effects of heat and radiation on
test assemblies, instruments, and various
materials exposed to repository conditions.
Test Description
This test will use four almost identical test
assemblies each containing 3000 watt electric
borehole heaters, and surrounded by eight guard
heaters of 7000 watt total capacity at each test
site. Only two of the sites will contain Cobalt60 gamma sources, but all of the sites will have
the same electrical heat input (10,000 watts).
Sites 1 and 2 are electrically heated and Site:;

2]7

Temperature of salt (maximum)
Temperature Gradient
Radiation Dosage Salt Test Strata

210°c
3°C/cm R
0 to 3x10 rad/yr
Transition Salt.
Na2U

These design parameters and conditions were
selected after an in depth study of brine migration, water release mechanisms, extensive
core sample analysis of Asse salt, and FRG/US
Commercial High Level Waste (CHLW) reference
repositories (references 2, 3, 4). A more detailed rationale on the selection of design
parameters is included in the
Appendix.
'
•. Preliminary Results
Evaluation of the temperature response of the
experiment over the first 82 days of operation
produced several observations.
• The initial heatup of the experiment was very
close to the predicted rate and magnitude.
• After 82 days of operation, the borehole wall
temperature at the heater midplane had reached
80°C compared to a predicted temperature of
^01°C (see Figure 6).
• Except for the magnitude of the temperature
rise, the shape of the temperature distribution
in salt is very close to predictions.

formation will be reduced to tabular and graphic
forms quarterly for analysis by various investigators. This will permit us to fine-tune a number
of computer codes or models, which heretofore
depended on small scale laboratory tests rather
than in situ test data.

• The temperature drop through the alumina beads
is 35°C compared to a prediction of 135°C.
Evaluation of the reduced borehole wall temperature led to a decision to increase the central
heater power level from 2532 watts to 3000 watts
which was estimated to restore the maximum salt
temperature to near 210"C.

An extensive post test plan will be devised to
determine the effects of heat and radiation on
salt, test assemblies, corrosion coupons, brine,
electrical and electronic equipment.

The water production from Site 2 after 82 days
was 48 ml. The pretest estimate for this time
for liquid migration is 35 ml (Figure 7) and for
vapor transport is 500 to 1200 ml (Figure 8)
depending on the permeability assumed.

APPENDIX
Test Design. Parameters

At Site 1 the test volume gas pressure had increased from the initial 1.09 bars (16.0 psia)
(600 meters below sea level) to 1.95 bars
(28.6 psia) after 27 days. This is primarily
due to gas expansion due to the initial heatup.

The selection of the various design parameters
for this test is as follows:
t Maximum salt temperature 210°C was selected to
meet an areal loading of 37 watts/m^ as reported in Reference 2, which will provide
accelerated testing and still remain safely
below the thresholds of 240 to 300°C at which
hydrated water is released
from various salts
as reported by Jockwer.4
t The temperature gradient of 3°C/cm was selected after consideration of reference designs
2, 3, 4 to provide accelerated brine migration
results. However, the more recent design" for
CHLW will produce a 5.5°C/cm initially and
decreasing to 3.0°C/cm after 15 years.
• The radioactive dosage rate was selected from
CHLW repositories (References 2, 4) reported
dosage rates
to the salt of 1.0 X 10° and
3.0 X6 10 8 Rads/yr. Recent U.S. designs for
CHI.W incorporate a heavy-walled container for
the waste which provides significant shielding
and yields an initial dose rate of only 0.1 X
108 Rads/yr. The German designs do not incorporate such a heavy-walled container. The
higher value of 3.0 X 10° Rads/yr was selected
for this test. However, as we move away from
the borehole, the salt dosage will drop accordingly and post test coring and analysis should
provide data on the effects of lower radiation
levels on salt and brine.
• The salt strata selected..for these tests is the
Asse Transition Salt Na2U since this salt contains sufficient water to meet brine migration
requirements without impurities containing
large amounts of hydrated water. Table A-l
provides selected data on moisture content,
chemical analysis on other information on the
Asse salt. To minimize disturbance of the
surrounding rock salt, the test field gallery
was mined using an Alpine Miner.
«

Motions of the salt around the test site follow
the IFT predictions quite closely. The floor
uplift at the central test assembly is 24 mm
after 82 days (see Figures 9, 10, 11). The flat
cells at the 2.2 meter radius show a maximum
pressure change of 22 bars (323 psi) which is
somewhat less than expected (90 bars 1320 psi).
The flat cells at the borehole at Site 2 show
essentially no change.
Asse Operations Update (120 days)
• Salt borehole Teimjeratures Sites 1 and
2, 205°C
• Measured Brine Migration Site 2 (One bar
pressure), 60cc
• Calculated Brine Migration Site 1» 30cc
(closed borehole pressure 2.7 bars)
• Maximum Salt Pressures, 3.5 to 23 bars
Other Interesting Results and Observations
• Hydrogen gas (Ho) 0.6% by weight* - Site 2
• Hydrogen chloride (HCL) in very small but
measurable amounts - Site 2
• Two hairline surface cracks were observed in
the salt at Sites 1 and 2 perpendicular to
the gallery axis and extending to the north
and south walls. The maximum depth measured
90 cm.
• The air temperature in the test gallery has
increased 5°C to 37"C since the test began.
This may cause electrical control problems.
*The larger than expected quantity of hydrogen
indicates that extensive oxidation of the inconel
sleeves occurred in the hot steamy borehole with
a salt temperature of 205°C and the test assembly
temperature at 235°C. The trace amount of HCL
may be a result of the same reaction.
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Future Work
During these tests the data tapes and other in-
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Table A - I

Sample
No.

Stratigraphic
Layer

Hineralogical Component*,weight Z

Chemical Component a , m V a l . X
£
K*
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-
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-
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Figure 1. Asse Test Gallery

Figure 2. Test Site Cross Section
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Figure 3. Typical test Site
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Figure 4. Layout of Test Site 2
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U.S. JOINT PROGRAMS WITH SWEDEN
AND CANADA: CRYSTALLINE ROCK
Richard A. Robinson
Battelle
Office of Crystalline Repository Development
Nuri Bulut
U.S. Department of Energy
Chicago Operations Office
programs with the Organization for Economic
Cooperation and Development/Nuclear Energy Agency
(OECD/NEA) on field testing in the Stripa facility
in Sweden, and with Atonic Energy of Canada, Ltd. on
mutually agreed waste management topics, especially *
the Underground Research Laboratory (URL) which is
now under construction in Canada. A cooperative
agreement is planned with the Swiss National
Cooperative for the Storage of Radioactive Waste
(NAGRA). Other organizations studying the problem
of nuclear waste disposal in crystalline rock with
which DOE has bilateral agreements include the
French Bureau de Recherches Geologiques et Minieres
(BRGM) which has undertaken studies of the movement
of solute tracers through fractured crystalline
rock, the CEC, Sweden, and the Federal Republic of
Germany's Institute fiir Tieflagerung (IFTj which is
undertaking a test program in the abandoned Konrad
iron ore mine near Salzgitter, FRG, to investigate
its suitability for storage of low level wastes and
decommissioning wastes from nuclear power plants.
NAGRA and IFT are also cooperating on field testing
in the Grimsel facility located in the Swiss Alps.
In addition, fast reactor fuel cycle agreements that
include waste management activities are in effect
with Japan and the United Kingdom.

INTRODUCTION
It is the policy of the U.S. Department of Energy
(DOE) that, in pursuing the development of mined
geologic repositories in the United States, the
waste isolation program will continue to actively
support international cooperation and exchange
activities that are judged to be in the best
interest of the program and in compliance with
the Nuclear Waste Policy Act of 1982, Sec. 223.
The key objectives of the DOE waste management
program in pursuing cooperation or exchange
activities with other countries are:
•

To cooperate with and provide technical
assistance to non-nuclear weapon states
in the field of spent fuel storage and
disposal in accordance with the Nuclear
Waste Policy Act of 1982, Sec. 223

i To promote international consensus on the
disposal and isolation of high-level
nuclear wastes
• To secure access to facilities, equipment,
information, and unique capabilities of
the other countries
• To secure independent studies and reviews
needed for increasing confidence in National
Waste Terminal Storage (NWTS)
•

The purpose of this paper is to describe the content
of bilateral agreements with Sweden and Canada and
describe the technical implementation of the agreements. Specific joint technology development
studies are discussed involving field testing in the
Canadian URL and Sweden Stripa facilities.

To respond to U.S. government international commitments

BILATERAL AGREEMENTS
U.S./Canada

• To satisfy the Congress and others that
reasonable effort is made to avoid
excessive or unwarranted duplication of
research and development efforts of
other nations.

The overall objective of the U.S./Canada bilateral
agreement is to cooperate on mutually agreed topics
of interest that are associated with the management
of radioactive waste and related activities of the
nuclear fuel cycle. The scope of activities
included in the agreement are:

Because there are common technical issues and
because technology development often requires
large expenditures of funds and dedication of
significant capital resources, it is advantageous
to cooperate with foreign organizations carrying
out similar activities. Personnel from DOE's
Crystalline Rock Project (CRP) and Battelle's
Office of Crystalline Repository Development
(OCRD) are currently participating in cooperative

•

Preparation and packaging of wastes

t Decontamination and decommissioning
• Surface and subsurface storage
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U.S./SWEDEN JOINT STUDIES

• Geologic characterization

Joint cooperative projects involving field testing
in the Stripa facility, located about. 250 km west
of Stockholm, were started in 1977. In 1979 an
OECD/NEA Stripa Multinational Project was
organized with Phase I starting in May, 1980 and
Phase II beginning in January,1983. In addition
to these major joint-funded field testing projects,
annual bilateral meetings are held to identify
areas of needed technology information exchange.

• Geologic disposal
• Operational considerations
t Environmental and safety considerations
t Public acceptance issues
•

Transportation.

The Swedish-American Cooperative (SAC) program
involved field test data development in the areas
of geohydrology, and rock mechanics, and geochemistry. An NEA workshop (1982) was held in
Stockholm last year to summarize the results and
conclusions learned to date from field testing
activities in crystalline rock in several
countries.

The different forms of cooperation include but are
not limited to the following:
•

Exchange of scientific and technical
information, results, and methods of
research and development

• Organization of and participation in
seminars and meetings on specific topics
•

Exchange of samples, materials, and
equipment for testing, and

•

Exchange of personnel.

The OECD/NEA Stripa Multinational Project consists
of the following series of experiments:
\
Phase I
(1) Hydrological Investigations in Boreholes, The
objective of this program is to develop test
methods and equipment for performing geological,
hydrological, hydrogeochemical, and geophysical
tests in boreholes in order to determine the
hydrologic characteristics of the rock mass and
to determine the geochemical condition of groundwater at great depth.

U.S./Sweden
The overall objective of the U.S./Sweden bilateral
agreement is to engage in a cooperative program
for field testing experiments and techniques to
measure fluid movement through fractures in a
granitic rock system. Cooperative efforts that
use the Stripa test facility in Sweden are
included to assess the suitability of crystalline
rock for terminal storage of radioactive material.
The scope of activities included in the agreement
are:
•

(2) Migration in Single Fractures. The objective
of this experiment is to investigate the movement
of sorbing and non-sorbing tracers in single
fractures in order to provide a basis for comparing laboratory sorption data with measurements in
the field.

Investigation of temperature effects in
granitic rock mass, using full-scale
electric heaters to simulate energy
output of radioactive waste canisters

(3) Buffer Mass Test. The objectives of this
test are to determine the performance and
suitability of compacted bentonite and bentonite/
sand mixtures as emplacement borehole and drift
backfill materials,

• Determination of long-term effects of
waste heat in a fractured granitic rock
mass

Phase II
• Assessment of fracture hydrology,
including drilling boreholes

(1) Development of Geophysical and Hydraulic
Crosshole Techniques. The purpose of this program
is to develop techniques and instrumentation with
the capability of detecting fracture zones in
crystalline bedrock. The program is also
designed to resolve questions relating to the
uniqueness of the models of bedrock obtained with
these methods. Efforts will be devoted to the
development of instrumentation, measurement
procedures and interpretation techniques for the
crosshole seismic method, the high frequency
electromagnetic technique (radar) method, and a
hydraulic wave test method.

• Test methods for locating fracture
systems in granitic rock mass
•

Investigation of properties of granitic
rocks

•

Development and testing of a technique
to measure the gross seepage rate in
low-permeability granitic rocks

• Determination of the virgin state of
stress in fractured granitic rock mass.

(2) Lhree-Dimensional Tracer Experiment. The
migraFion mechanism of nuclides over a distance
of. about five meters in a single fracture is being

Other activities may be included by mutual agreement.
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investigated in Phase I of the Stripa Project. The
tracer experiments reported to date will not supply
any data which can be utilized to understand the
spacial distribution of pathways. Nor will they
give any indication of the tracer movement normal
to the average flow direction. As channeling
effects and transverse dispersion can have a
profound influence on the arrival times and
concentrations of radionuclides escaping from a
repository, it is important that these effects be
studied.
The second phase of the Stripa Project will include
an extended experiment, in which the migration in
rock over distances up to 50 meters will be
investigated. A new tunnel will be excavated and
non-radioactive tracers will be used. The design
of instrumentation and the selection of tracers
is based on the experience gained from the Phase I
experiment.
(3) Borehole and Shaft Sealing. The isolation of
nuclear waste at great depths for long periods of
time requires a sealing system to prevent water
flow and radionuclide release through boreholes,
tunnels and shafts. To be effective this requires
that the seal should be about as impermeable as the
rock which has been removed. A possible technique
for borehole plugging has been suggested, using
ii-ighly compacted bentonite clay in perforated
copper tubes. A series of laboratory tests and a
preparatory study in the Stripa Mine indicate that
the technique could also be applicable on a larger
scale for tunnels and shafts. The objectives of
this test is to verify the laboratory results, and
to investigate the sealing characteristics of
highly compacted bentonite in full-scale
experiments. The program will include the plugging
of boreholes, the sealing of shafts and the
isolation of a water-bearing fractured zone from
an intersecting drift.
(4) Fracture Flow and Radionudide Transport. A
tracer test will be carried out in connection with
a hy.dsaulic test of fracture flow between adjacent
bo*holes. Short-lived radioactive tracers will
be used. The migration distance in this test will
be in the order of 10 m along well-defined
discrete fracture planes. The object of this test
"is to evaluate a technique developed in the United
Kingdom to characterize fracture permeabilities
by looking at the hydraulic inter-connections
between boreholes.
Results obtained in the Phase I experiments were
summarized in the 1982 NEA Workshop. Test
results from the Phase II experiments are expected
during 1984 through 1986.
<U,S./CANADA JOINT STUDIES
As discussed by Dormuth and Simmons (1982) at
last year's meeting, OCRD and several of its
subcontractors have been participating in the
Canadian Underground Research Laboratory (URL)
project, this cooperative effort provides AECL
with DOE's experience in field test planning,
operations, and analysis so that testing in the
URL will be able to fully and concisely meet its
o jectives. In retu^l, the DOE/CRP will receive

all data obtained from testing in the URL, and will
be provided access to a research facility deep in
saturated crystalline rock which is not currently
available in the U.S.
OCRD's role in the project includes overall management of the cooperative efforts, direction of the
participation of subcontractors, technical review
of URL designs and test plans, and participation
in the three URL management committees. The
activities of CRP contractors in connection with
the URL are summarized below.
(1) Excavation Technology. The Colorado School
of Mines (CSM) has participated in reviews of the URL
designs and test plans, and has provided consultation
to AECL on excavation technology and blast damage
assessment being developed for CRP. A technology
transfer workshop was held at CSM during April,
1982, which was attended by AECL and Ontario Hydro,
the two main participants in the URL, and by AECL's
subcontractors. CSM personnel presented information on rock characterization and blast damage
assessment techniques, and Roger Holmberg of the
Swedish Detonic Institute (SveDeFo) presented
information on controlled blasting and blast round
design. This information has influenced the
methods of construction used for the URL, and the
experimental program carried out during
construction,
(2) Instrumentation Development. CSM, in
cooperation with AECL, is also overseeing the
development of a modified USBM gage for long-term
stress monitoring, and the modifications to a
block test that will ultimately influence the
design of block tests performed in the URL and U.S.
exploratory shaft.
Lawrence Livermore National Laboratory (LLNL) is
currently evaluating the sonic probe borehole estensometer manufactured by IRAD Gage. This instrument' consists of magnetic targets which are anchored
in a borehole without rigid interconnections, and a
probe which is inserted for measurements and
removed as neeaea. Because the targets are
securely anchored deep in the rock with no other
attachments, and because the sensitive electronics
may be removed, leaving no protrusion from the
borehole, the IRAD extensometer is uniquely able
to survive nearby blasting. This is turn makes it
ideally suited for displacement measurements
during rock excavation, when conventional multirod extensometers would be dislodged or destroyed.
LLNL has evaluated the accuracy, precision, and
repeatability of the gage, and will investigate
thermal and shock effects during FY 84. This effort
will result in a set of acceptance criteria which
will be supplied to the manufacturer when
instruments are procured for the URL and the
crystalline exploratory shaft. LLNL has also
participated in peer review of URL test plans, and
in FY 84 will develop a design for a borehole
fracture aperture displacement monitor.
(3) Geohydrology. Lawrence Berkeley Laboratory
tLBL) has supported the URL project through hydrological modelling'and analysis of fracture and well
test data from the URL site. LBL. has developed
two-dimensional and three-dimensional numerical
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models which determine whether or not a fracture
system behaves as a continuum and estimates the
size of the Representative Equivalent Volume
(REV) -- the smallest volume of rock that may be
treated as a continuum. Other models treat
mechanical transport through fracture systems,
and provide a numerical method for treating
fracture systems that cannot be treated as a
continuum. These models have been applied to the
URL data for both permeability and transport
calculations.
LBL has also participated in peer reviews of URL
test plans. Future URL Cooperative work at LBL will
include continued model refinement and data
analysis, as well as field data collection from
hydraulic fracturing and acoustic monitoring in
the URL shaft collar.
The USGS has been conducting studies on the
application of borehole geophysics to the
characterization of crystalline rock on the URL
site since 1978. The geophysical characterization techniques employed have included resistivity
logs-, neutron and gamma-gamma logs, and an
acoustic borehole televiewer. A new approach to
the use of guided acoustic tube waves and normal
modes was formulated for the acoustic forcing of
fluid motions in open fractures which intersect
the borehole. This method appeared especially
successful for the in situ characterization of
fracture permeability in at least some cases.
More conventional acoustic-waveform logs (using
compressional and shear waves) were also used to
characterize fractures that remain at least
partially open in the vicinity of the borehole,
(4) Technical Assistance. OCRD staff have worked
closely with AECL staff to develop the technical
basis for the URL experimental program as
described by Simmons and Sonnawala (1982),
Bilateral and technical exchange meetings have
also occurred since 1978 to cooperate qp technical
information related to site screening and
characterization, institutional activities, waste
package, sealing, and repository development.
LLNL has provided technical support by supplying
the ADINA and ADINAT rock mechanics and thermal
computer codes to AECL and assisting AECL staff in
using these codes for scoping calculations for URL
design. LLNL also developed a conceptual
Moisture Balance Experiment for the URL to
determine total water inflow by monitoring
ventilation air volume and moisture content.
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RADIOACTIVE WASTE MANAGEMENT ACTIVITIES OF
THE OECD NUCLEAR CNERGY AGENCY
Peter D. Johnston
OECD Nuclear Energy Agency
Paris, France
The objectives of the Organisation for
Economic
Co-operation
and
Development
(OECD), which groups most of the developed
countries of ths world*, are to promote
high .economic growth and a rising standard
of living in Member countries while, contributing to the economic development' and
the expansion of world trade on a. multilateral basis. International co-operation
in nuclear energy activities takes place
through the OECD Nuclear Energy Agency
(NEA) in which a total of 23 countries now
participate:
Australia, Canada, Japan,
the United States, in addition to all' the
European Member countries of OECD.
The
Commission of the European Communities
also takes part in the work of NEA.
One of the primary objectives of the NEA
is to promote co-operation between its
Member governments on the safety and regulatory aspects of nuclear development.
This is achieved by encouraging harmonization of governments' regulatory policies
and practices in the'nuclear field, with
particular reference to the safety of
nuclear installations, protection of man
against ionizing radiations, radioactive
waste management, and nuclear third party
liability and insurance.
The management of radioactive waste is
a common concern to all NEA Member countries, whether they already have a large
nuclear power programme or not.
Some
waste management activities could have a
wide geographical impact and the fact that
some waste would remain radioactive for

*The Member countries of OECD are Australia, Austria, Belgium, Canada, Denmark,
Finland, France, the Federal Republic of
Germany, Greece, Iceland, Ireland, Italy,
Japan, Luxembourg, the Netherlands, New
Zealand, Norway, Portugal, Spain, Sweden,
Switzerland, Turkey, the United Kingdom
and the United States.
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very long times and require long term
isolation from the biosphere generates
concern in practically every country. The
management of radioactive waste has therefore always been regarded as a subject in
which co-operation at the international
level is important.
The United States is an active participant
in 'five areas
of
international
co-operation sponsored by the NEA. These
are described below. The contribution of
the United States and the benefit to the
United States is outlined in each case.
DISCUSSIONS OF TECHNICAL POLICY
The OECD jiteerlng Committee for Nuclear
Energy provides a forum for discussions of
technical policy issues In a broad perspective. During recent years, radioactive
waste management has been one of the major
areas of Interest.
In this area, the
Steering Cjommittee is assisted by the
Radioactive: Waste
Management
Committee
(RWMC), with which a dialogue has been
maintained on some important issues. The
United States has been represented at the
recent meetings of the Steering Committee
by Ambassador Kennedy.
The US DOE, the
NRC, and the EPA, ai i represented on the
Radioactive Waste Management Committee.
A list of US representatives in thess
committees, and in other NEA groups, is
given in Annex 1.
One important issue concerning the management of high level radioactive wastes,
raised by the Steering Committee in 1983,
has been to clarify the meaning of a demonstration of the feasibility and safety of
management strategies for geological disposal of high level waste. This is a general
issue of social and legal importance in a
number of countries, Including the USA. A
definition prepared in collaboration with
the RWMC has now been approved by the
Steering Committee and published by the
OECD [1]. On the Initiative of Ambassador
Kennedy, this will be followed in 1984 by

publication of an inventory of those activities in the OECD area that already
contribute to the demonstration of high
level waste management capabilities. The
US Climax project is one example that has
proved useful in this context.

US DOE and the NRC, played an important
part in a workshop initiating our activl~
ties in this area, and it is likely to be
an area in which international exchanges
of
ideas
and
techniques
will
prove
valuable to all the participants.

The United States has played a key role in
another study for the OECD Steering Committee on the legal, administrative and financial aspects of the long term management
of radioactive waste.
Governments must
ensure that a suitable framework is set up
for the management of these wastes. A
clear attribution of responsibilities is
essential, and provision must be made for
expenditures that may be necessary several
decades in the future. The NEA study has
drawn on the discussions within the USA,
and has allowed international discussions
of many of the general ideas now included
in US legislation in 1982. Parallel legislative developments have taken place in
several other OECD countries, and the
discussions at NEA have certainly contributed to ensuring a sharing of ideas and a
consistency in approach.

One item on the agenda of the most recent
meeting of the RWMC of particular interest
to the United States, was a discussion of
the possibilities for participation by
other countries in the US programme for
repository deployment laid down in the
1982 Nuclear Waste Policy Act. The objective was to look at ways in which foreign
participation could help to expedite the
programme, without diverting US effort
away from the very precise and practical
objectives set down in the Nuclear Waste
Policy Act. The discussions at,, the RWMC
meeting were a first step and will be
followed by more specific discussions,
perhaps
on
a
bilateral
basis
where
appropriate.

T s NEA study has drawn particularly on US
material in discussing the role and nature
of institutional controls for geological
disposal of high level waste and in
discussing the establishment and management of a fund, such as that set up by
the US Nuclear Waste Policy Act.
Largely at the initiative of the United
States, and with the encouragement of the
US representatives at the OECD Steering
Committee, the NEA has reviewed in 1983
national practices and policies concerning
public understanding of nuclear energy
issues.
One important aspect has, of
course, been radioactive waste management.
This is the first international review of
its kind, and the exchange of information
and experience in this area is likely to
be valuable to all governments concerned
with nuclear power developments.
The Radioactive Waste Management Committee,
composed of senior governmental experts
and representatives from national administrations with responsibilities in radioactive waste management, works in close
collaboration with the NEA Committee on
Radiation Protection and Public Health
(CRPPH).
It has been concerned in 1983
with a number of technical policy discussions, notably related to the assessment
of different scenarios and strategies for
the whole process.of waste management from
conditioning and storage through to disposal, and to the methodologies for system
performance assessments of the safety of
radioactive
waste
disposal
facilities.
This latter topic will be followed up in
1984 by a study of the approaches to the
handling of uncertainties in assessments.
The United States experts, both from the

Where a need has been seen to develop a
common understanding of particular aspects
of waste management, on which technical
policy judgements can be based, the RWMC
has set up more specialised groups of
experts. The recent activities of two of
these groups are discussed below.
THE DEVELOPMENT OF THE BASIS
FOR TECHNICAL POLICIES
Participation in specialised 'International
groups charged with developing the basis
for technical policy guidance provides an
opportunity to influence, and ensure consistency in, policy developments in the
OECD Member countries, and also for the
participants to profit from the different
perspectives in various countries.
One of the most important activities
during 1983 hass been the continued development of long term radiation protection
objectives for radioactive waste disposal.
It has been recognised in many countries
that the application of existing ICRP
recommendations for the protection of the
public is not easy in view of the long
times and uncertainties
in prediction
involved. A group, jointly sponsored by
the RWMC and CRPPH, has now reached a
substantial degree of agreement on ho*
this problem should be resolved in a consistent way for all types of radioactive
waste for which radioactivity will persist
beyond the period of institutional control.
Two US experts have participated in this
work, and the suggestions made by the
group are already being reflected ir
several national regulatory policies. As
regards the regulatory situation in th«
United States, we must recognise that the
precise
division
of
responsibilities
between the EPA, the NRC and the DOE doe:
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not have a parallel in most other OECD
countries. The approaches taken by these
organisations will be determined to a
large extent by national considerations,
but it will undoubtedly contribute to
public confidence in the rationale for
regulations if a degree of international
consistency is seen to develop in this
area over the forthcoming years.
In the more technical areas of repository
deployment, two important reports have
been developed in 1984. One concerns the
status of understanding and development
for geological disposal of radioactive
wastes on land, and the other concerns the
status of development of the sub-seabed
disposal option. The first draws on material prepared and discussed by the NEA
Co-ordinating Group on Geological Disposal.
It puts together the understanding derived
from the US repository deployment programme
with that from activities in all oMier OECD
countries. It is not primarily addressed
to a scientific audience, but will serve
to focus attention on the areas where
further work is needed in the United
States as well as in other countries.
As one of several countries participating
in the investigation of the sub-seabed
disposal option, the United States has
contributed greatly to the assessment of
the status of development in this area.
The assessment of the status of development will serve to orient further work
in all the national research efforts coordinated by the Executive Committee of
the Seabed Working Group.
This area of
international co-operation is discussed
In more detail later by Mr. Boyer.
JOINTLY FUNDED AND CO-OPERATIVE
RESEARCH ACTIVITIES
Ihile NEA provides an administrative frame(ork, a secretariat and legal assistance
'or setting up joint R 4 D activities, no
•esearch funds are provided directly by
he OECD.
Therefore, when a number of
ountries agree to set up jointly an interational project under NEA auspices the
inancial contributions are provided by
he participating countries themselves.
he Agency has contributed to setting up
f several research programmes, and in the
rea of radioactive waste disposal, the
nternational
Stripa
Project
and
the
eabed Working Group are well known.
n the United States, there has been an
nterest to follow investigations of high
svel waste disposal into crystalline rock
or many years. This is now a major part
f the repository deployment programme,
nd is one area where the United States
tands
to
benefit
substantially
from
articipation in international research
itivities.
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The Stripa Project provides a possibility
to participate in in-situ tests of' a general nature, at a depth of several hundred
metres. The results and experience gained
will be of value to the US programme in
several ways:
- the Project provides practical experience
in designing and carrying out in-situ
tests at a depth comparable to that of
an eventual repository in similar rock;
- it will allow the common development of
the specialised investigation techniques
which will be essential to each participating country in the charactsrization
of the rock structures and hydrology of
potential disposal sites;
- the results of the Stripa experiments
will be a common reference and they will
serve to focus national research programmes on the most critical points; and
- the Project will build confidence at the
international level and in the •United
States in the feasibility and safety of
this option for the disposal of highly
radioactive waste.
The agreement on a jointly funded programme
of research also makes the Stripa Project
very cost-effective.
Research of this
type is extremely expensive and any opportunities for cost sharing must be welcomed.
There are other less direct advantages of
a joint research programme of this type,
the participation of technical experts
from the many participating countries reinforces contacts between small research
groups working on related topics, and the
careful international assessment or the
programme by experts in each country adds
to the credibility of results by ensuring
that the experiments are well thought out
and executed. The research activities and
results are described in more detail in
recent NEA publications [2][3].
The pursuit of research into the feasibility and safety of sub-seabed disposal of
radioactive waste will increasingly need
to involve multilateral research activities in international waters. The legal
framework for such research is currently
being investigated by the NEA with the
help of experts from the United States and
other countries. The inevitable international considerations for this disposal
option are a reason why international
co-operation in this area may not only be
beneficial, but may also be essential.
PARTICIPATION IN TECHNICAL WORKSHOPS
A limited number of technical workshops
are organised each year by the NEA. These
are sponsored either by the Radioactive
Waste Management Committee or by the Coordinating Group on Geological Disposal.

Participation in these workshops provides
an opportunity for national specialists to
exchange ideas and to establish personal
contacts with research groups in other
countries. The size of the workshops is
restricted to usually 30 to 50 participants to ensure that a working atmosphere
is maintained. Experience has also shown
that limitation of the scope to a very
specific topic is essential. The titles
of workshops in 1982 and 1983 are given
in Teble 1. For some of these, the proceedings are published by the OECD.
THE EXCHANGE OF INFORMATION, DATA
AND COMPUTER PROGRAMS
Since 1964, the NEA has taken an active
and operational role to facilitate the
exchange of information and data relevant
for the safe development of the nuclear
industry. In these 20 years the emphasis
has been placed on the operation of a
multilateral mechanism for exchange of
nuclear data and computer programs for
reactor design and shielding, and assessments of safety and performance. The
United States takes part in these exchanges through a special agreement for mutual
exchange of information between three US
centres and the NEA Data Bank at Saclay,
France. The US centres are the National
Energy Software Center at the Argonne
National Laboratory, the National Nuclear
Data Center at the Brookhaven National
Laboratory, and the Radiation Shielding
Information
Center
at the
Oak
Ridge
National Laboratory.
The NEA Data Bank
provides the same service as these centres,
but for 15 European Member countries of
the NEA, and Japan. The NEA Data Bank is
jointly funded by these countries.
Radioactive waste management is at a much
earlier stage of development than other
areas of the nuclear fuel cycle, and the
eventual needs for- international information exchanges are not yet clearly
defined.
Nevertheless, there are some
areas where data exchanges can already be
useful. One of these has been seen to be
in the area of modelling radionuclide
migration in the geosphere.
A newsletter containing short reports from
nuin^rous research groups in the eight or
nine countries principally involved is
published every six months by the NEA and
is distributed free of charge to over 500
scientists in the OECD countries, of which
about 100 are in the United States. The
reports focus on preliminary results and
on new directions in research.
This
Newsletter has been in existence for five
years and continues to receive a high
degree of support both from contributors
and recipients.
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On a more operational level, an initiative
was taken by the United States to develop
a data compilation and exchange mechanism
for radionuclide migration modelling under
the auspices of the NEA.
Part of this
activity takes the form of the ISIRS
Project, jointly funded by the United
States and ten other countries.
This
involves the establishment of a computer
based data storage and analysis tool for
radionuclide sorption information. It is
now over two years since the ISIRS Project
was set up. The computer .system and a
trial data base nave been developed at the
Pacific Northwest Laboratory, USA, and are
now being transferred to the computers of
the NEA Data Bank.
The system will be
installed on a VAX 780 computer for regular operation. A note in the ninth issue
of the Newsletter described the data currently contained in the test data base.
A note in the next issue of the Newsletter
will outline the data retrieval and manipulation capabilities.
It is intended that the ISIRS System should
serve as an international reference, primarily to fulfil the following roles:
- To provide sorption data for generic and
preliminary
site specific models of
radionuclide
migration
from
disposal
facilities;
~ To provide scientists with a readily
accessible source of information about
previous experimental results and parameters of importance;
- To provide a collection of data from
various sources that can be used to
develop and validate geochemical models
of sorption behaviour.
The data storage and manipulation software
is now reaching a level of maturity that
will allow a routine operation at the NEA
Data Bank. A data research and retrieval
service is available, free of charge, to
all scientists in participating countries,
including the United States.
The data
collection is however still very incomplete, and it is essential that it should
be considerably reinforced before a careful evaluation can be made of the value of
the computer system and of sorption measurements themselves.
High priority is
given to acquisition of data on actinide
sorption, data obtained
using natural
waters and under reducing conditions.
Chemical thermodynamic data for radioelements are an essential complement to sorption information in modellig radionuclide
migration. At the initiative of the ISIRS .
Technical Committee, and with the approval
of the Co-ordinating Group on Geological
Disposal, the NEA is currently developing

a compilation, exchange and review mechanism for these data for selected radioelements. US scientists are involved in
assembling an initial data collection from
existing sources, and their efforts are
co-ordinated
with compilation
work in
Canada, France, Sweden, Belgium and the
United Kingdom.
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CONCLUSIONS
It is important to understand in what
ways the United States benefits from its
involvement in international co-operation,
particularly now that the US programme of
repository deployment is so well defined
and so focussed on specific site investigations. The United States clearly has a
lot to offer other countries. It has the
largest research programme of the OECD
countries and the earliest planned date
for a high level waste repository operation.
The burdens of international cooperation can appear as a diversion of
effort from the national programme and the
benefits are not always so clear and tangible. There are however benefits for the
United States. Other OECD countries are
more advanced in some .specific areas of
research
and site
investigation.
The
United States can benefit from multilateral and bilateral contacts with the
crystalline
rock
research
in
Sweden,
Canada and other countries, and from salt
investigations in the Federal Republic of
Germany.
But beyond these short term
returns, there are longer term benefits.
The opportunity offered by participation
in NEA activities to influence the gradual
development of policies for radioactive
waste management in the other OECD countries can help to avoid a divergence in
regulatory approaches. This can be particularly valuable in this area where
public understanding is so important and
in view of the international nature of
many environmental concerns. At the technical level, the opportunity to exchange
ideas in a broader international framework
can ensure a cross fertilisation and foster a wider sense of community amongst the
scientists involved. There is also often a
continuity in research in an international
perspective that is difficult to maintain
in all fields at a national level.
The balance of benefits and burdens associated with international involvement can
only be judged by the United States
authorities.
I hope, however, that this
overview of the NEA activities has given
you a better idea of the issues involved.
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TABLE 1
NEA WORKSHOPS IN 1982/83
Geological Disposal of Radioactive Waste:
Geochemical
Processes,
OECD,
Paris,
May 1982.
Geophysical Investigations in Connection
with Geological Disposal of Radioactive
Wastes, Ottawa, September 1982.
In Situ Experiments in Granite Associated
with Geological Disposal of Radioactive
Wastes, Stockholm, October 1982.
System
Performance Assessments
of the
Safety
of Radioactive
Waste Disposal,
OECD, Paris, November 1982.
Radioactive Waste Management Scenarios and
Strategies, OECD, Paris, January 1983.
Experimental Methodologies
clide
Sorption
Studies,
May 1983.

for RadionuOECD, Paris,
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INTRODUCTION

The International Atomic Energy Agency has been
working
in
the
field
of
radioactive
waste
management since its inception in 1957. Over the
26 year history of the Agency the emphasis of the
various
components
of
the
waste
management
programme has varied according to the development
of nuclear technology.
In the initial period the IAEA's activities were
mostly directed to the collection and evaluation
of existing practices and regulations and to
prepare health and safety standards for Member
States
to
promote
consistent
regulatory
practices.
One of the first activities was to
assist Member States in adequately controlling
the discharge of radioactive materials into the
sea and fresh water or safely disposing of waste
into the ground. During this period the source
of
the
radioactive
waste
was
mainly
from
laboratories or research reactors.
In the expansion phase of
the IAEA's waste
management
programme
the emphasis shifted
to
dealing with wastes generated from the entire
nuclear fuel cycle.
It ranges from mining and
milling of nuclear materials to the treatment and
storage of high-level waste resulting from the
development of nuclear power as a major source of
energy.
A further impetus to the programme was provided
by the UN Conference on the Human Environment
held in Stockholm in 1972. As a result of this
conference :he IAEA decided that one of its most
important and urgent tasks, for which it should
take the leading role with close co-operation
with other international organizations, was the
elaboration of salety standards concerning the
dispersion into the environment of radioactive
wastes generated from the peaceful use of nuclear
energy. The London Convention on the Prevention
of Marine Pollution by dumping of Hastes and
Other Hatter designated the IAEA as the competent
technical body to lay down definition of wastes
unsuitable
for
dumping
and
to
provide
recoiaiendat ions which
should
be observed
by
national authorities while dumping wastes which
fall outside the prohibited category.

The recent phase in which the IAEA is now working
might be characterized by the experience of the
International Conference on Radioactive
Waste
Management,
held
this
year,
in
Seattle,
Washington, USA.
The Conference showed clearly
that waste management is now recognized worldwide as an
integral
part
of nuclear
power
programmes. In most countries engaged in nuclear
activities, the implementation of systems for the
safe management and disposal of radioactive waste
is in progress.
The management of radioactive
waste has advanced from the technology development stage to the stage of full-scale industrial
projects or, in the case of high-level waste, to
feasible concepts.
This is reflected in the
frequently cited statement of Mr. Joe Lieberman
of the USA that "the technology i* available" to
implement systems that meet the requirements of
nuclear power programmes and long tera safety
goals. It was also recognized at the conference
that this positive statement does not mean that
the technology
is equally
available
in all
countries or at all facilities and that no
further research work is necessary.
The Agency
will pursue this programme with the contribution
and continued support of the Meaber States and in
close
co-operation
with
other
international
organiza t ions.
The IAEA's programmes are prepared in advance for
several
years
in
consultation
with
the
appropriate organizations and experts of the
Member States.
The programmes are approved by
the Scientific Advisory Committee and the Board
of Governors of the IAEA. The Agency takes every
opportunity
to
collect
information
and
suggestions to plan its future activities and we
appreciate the opportunity to participate in this
important
information
meeting.
We
hope
to
receive important
input information from this
meeting to guide in the development
of our
programme which will assist our Member States in
achieving their goals for the safe and effective
managment of radioactive wastes.
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THE CURRENT AND FORTHCOMING PROGRAMMES
ON WASTE MANAGEMENT

THE BASIC OBJECTIVES IN WASTE MANAGEMENT

The overall objective of the IAEA
in waste
management is to assist its Member States in
protecting man and his environment from hazards
arising from the radioactive waste and effluents,
within the general mandate of the Agency, namely
to "seek
to accelerate
and
to enlarge
the
contribution of atomic energy to peace, health
and prosperity throughout the world".
j
In fulfilling the above objectives, the IAEA uses
its well-established mechanisms in international
collaboration:
- to collect,
review
and
disseminate
the
up—to—date
information
on
technical,
scientific and regulatory aspects of radioactive
waste
management,
approaches
and
research in national programmes;
,
- to develop
internationally
agreed
guidelines,
standards,
code
of
practice
and
recommendations
for
use
by
national
authorities;
- to carry out responsibilities as requested
under
international
conventions
for
protection of the environment;
- to
encourage,
sponsor
and
co-ordinate
research work and the development of data
and technology in promising areas; and
- to provide technical assistance, technical
advice, training courses, fellowships and
study tours, etc*
The objectives in waste management - a subsystem
of nuclear
power utilization
- are
closely
related to the Agency's objectives in other areas
such as those in radiological protection, nuclear
safety, nuclear fuel cycle and nuclear reactor
development,
marine
radioactivity,
isotopehydrology, technical co-operation and others.
The IAEA's waste management programme involves
also a close co-operation with many international
organizations, especially those within the United
Nations system such as UNEP, UNSCEAR, WHO, IMO,
GESAMP, FAO, ECE and WMO.
There is also considerable interaction with ICRP, OECD/NEA, CEC and
CMEA.
After this brief overview of the objectives of
the IAEA let us turn to the current and planned
programmes of the IAEA in the waste management
field.
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The current IAEA programme is structured to cover
the key areas of concern in the field of radioactive waste, namely:
o the handling, treatment and conditioning of
all kind of radioactive waste
o the underground disposal of all types of
radioactive wastes and the management of
wastes from uranium mining and milling; and
o the environmental aspects of nuclear energy.
In view of the attention now being given to
decontamination and decommissioning of nuclear
facilities,
plans
are
being
developed
to
establish this activity as a separate entity
within the Agency's waste management progranoe.
Also, the environmental aspects of nuclear energy
will place emphasis on the areas of sea-duaping
of solid radioactive waste and on the environmental consequences of
radionuclides
released
from nuclear installations.
Handling,
Treatment
Radioactive Wastes

and

Conditioning

of

Within this aubprogramme attention ii being given
to collect and review information on the current
status of technology and scientific basis for the
various
methods
of
handling,
treatment
and
conditioning of low- and intermediate-level solid
and liquid wastes generated mainly at nuclear
power plants, removal of airborne radioactive
contaminant
from
off-gases,
treatment
and
conditioning
of
high-level
and
alpha-bearing
waste and spent nuclear fuel and the decontamination
and
decommissioning
of
nuclear
facilities.

The programme activities that have taken place
concerning
technologies
for
the
handling,
treatment
and
conditioning
of
lowand
intermediate-level solid and liquid waste are
oriented
to
the up-dating
of
previous
IAEA
publications as well as to prepare technical
documents on the areas of recent
interests.
Up-dated
versions
of
reports
on
basic
technologies on the conditioning of low- and
intermediate-level solid radioactive waste and
the treatment of
low- and
intermediate-level
liquid waste have been or are being published.
The handling of tritium bearing waste and the
treatment
of
spent
ion-exchange
resins
were
studied under Co-ordinated Research Programmes
(CRPs) and have been or are • being reported.
Reviews remain to be made on further developments
concerning the techniques for handling, transport
and interim storage of low- and intermediatelevel wastes, solidification of organic wastes
and the use of polymers for the immobilization of
low- and intermediate-level wastes.
Based on
results from a series of meetings held since 1976
work is now in progress to prepare a Code of
Practice on the management of waste from nuclear
power plants. The draft code in four official
languages of the IAEA will soon be sent for
review to the Member States. At the beginning of
1985, the finalized version will be submitted to

the IAEA's Board of Governors for approval.
A
nuaber of related guides to this code will be
prepared later.
Sufficient experience exists to
proceed with the preparation of Safety Guides on
design of facilities for treatment of low- and
intermediate-level
radioactive
waste
and
on
handling and
treatment
of radioactive wastes
resulting from unplanned events. To assist the
developing countries in the implementation of
their national waste management
programme, a
regional seminar will be held on the management
options for low- and intermediate-level waste in
South America in 1985. Particular attention has
been and will continue to be given
to the
management of waste at nuclear power plants as
this is a high interest area to most Member
States.
Other waste management practices to be reviewed
include special types of intermediate level solid
waste, cladding hulls, fuel hardwares, activated
reactor components etc.
The waste management
implication
of advanced
fission reactors and
fusion reactors will also be considered if it is
requested by Member States.
Gaseous effluents and waste treatment have been
and will continue to be of particular importance
in
protecting
the
environment
of
man
from
airborne
radionuclide
releases
from
nuclear
facilities under normal, abnormal or accident
conditions.
The methods
and
techniques
for
removal
of
particulates.
radioiodines
and
semivolatile
compounds
from
off-gases,
separation,
storage
and
disposal
of
Kr-85,
conditioning, storage and disposal of 1-129 were
or are being the subject of technical reports. A
symposium on the management of gaseous waste from
nuclear facilities and a seminar on testing and
operation of off-gas cleaning systems at nuclear
facilities
were
held
in
1980
and
1981,
respectively.
Methods
of
particulate
filter

testing were subject of a CRP. The achievements
of this programme as well as methods on testing
and in-plant monitoring of off-gas cleaning
systems are the subject of technical reports. A
new Co-ordinated Research Programme on retention
of iodine and other airborne radionuclides in
nuclear facilities during abnormal and accident
conditions has recently been initiated.

In the area of treatment and conditioning of
high-level and alpha-bearing wastes significant
efforts have been made to promote the exchange of
information on national programmes between Member
States.
Technical
reports
on
handling
and
storage of conditioned
high-level
radioactive
waste, as well as the techniques for handling and
storage of high-level liquid wastes requiring
cooling
have
been
reviewed,
and
published.
Further
developments
were
achieved
in
the

framework of a CRP on the evaluation of
soldified high-level waste forms that
was completed this year.
Continuing
these
efforts,
a
new
CRP
on
performance of solidified high-level waste forms
and
engineered
barriers
under
repository
conditions will be initiated in 1984.

Partitioning and transmutation of trs.nsurs.niua
elements have been considered as • potentially
desirable option in waste management to reduce
the requirements for long-term isolation for sone
wastes.
An
earlier
co-ordinated
research
programme evaluated
this cption and concluded
that the concept has limited value.
Experience
and
trends in the handling
of
alpha-bearing
waste, including partitioning and transmutation
were discussed at a joint IAEA/CEC Symposium in
1980.
Decommissioning of retired nuclear facilities has
been a part of the Agency's programme since
1973.
The
decontamination
of
the
nuclear
facilities to permit maintenance, modification,
dismantling and decommissioning has also found
special interest in the Member States.
Due to
its
increasing
importance,
the
field
of
decontamination
and
decommissioning
will
be
organized as a separate subprogramme within the
IAEA waste management programme as of 1985. A
technical report
is just
being published on
decommissioning
of
nuclear
facilities:
decontamination,
disassembly
and
waste
management, as an updated version of the previous

IAEA technical documents.
A CRP was
initiated this year on decommissioning and
decontamination methods. Some other technical
documents on decontamination and decommmissioning
are also in preparation^

Underground Disposal of Radioactive Waste *
It is now being increasingly recognized that,
industrial development of nuclear power is very\
much dependent on safe methods for underground
disposal of the associated
waste.
The IAEA
initiated in 1977 an integrated programme on the
underground disposal of radioactive waste that
incorporated disposal options in shallow ground,
rock cavities (both natural and man-made ones),
and deep continental geological formations for
five major areas:
(a) regulatory aspects and
safety
assessment,
(b)
siting,
(c)
waste
acceptance criteria, (d) design and construction
of repositories and (e) the operation and closing
down of repositories.
Within this integrated
programme , safety series and technical reports
and
documents
are
being
published
covering
guidelines on safety and technical aspects.
A
total of about 30 reports are being planned of

which 26 will be published by the end of
1985. Fourteen reports have already been
published.
The underground disposal activity of
the IAEA, forms a subprogramme of its waste
management programme.
A separate part of this
subprogramroe is the management of waste from the
mining and milling of uranium and thorium ores.
The programme
is periodically
advised
by a
Technical Review Committee.
It is recognized that underground disposal of
low- and
intermediate-level
radioactive waste
remains one of the main concerns of a large
number of the Member States. However, the long
term health
and
safety
implications
of
the
disposal of high level and trsnsuranic waste as

well as spent nuclear fuels has the attention and
concern of the public in most of the developed
countries.
The IAEA continues its efforts to
foraulate the related safety goals and technical
criteria in this area to demonstrate that both of
these waste issues can be dealt with in an
acceptable manner.
Disposal of wastes in shallow-ground and rock
cavities is generally considered as the most
feasible method for proper isolation of low- and
intermediate-level
solid or solidified
radioactive
wastes
containing
short
lived
radionuclides.
In addition to a report on Basic
Guidance for Underground Disposal, Criteria and
Safety Assessments, recent reports specific to
shallow ground
and
rock
cavity
disposal
of
radioactive
wastes
include:
a guidebook
on
underground
disposal
of
radioactive
waste,
disposal of low- and intermediate-level solid
radioactive wastes in rock cavities: a guidebook,
and a technical report on site investigation for
repositories
for solid
radioactive wastes
in
shallow ground.
Continuing the preparation of
these safety series documents, further important
reports are under preparation .or publication
namely
on
site
investigation,
design,
construction,
operation,
shut-down
and
surveillance
of
repositories
for
lowand
intermediate-level
radioactive wastes
in rock
cavitiei
and
waste
acceptance
criteria
for
disposal in shallow ground and rock cavities.
Supporting technical documents are or will be
prepared on safety analysis methodologies for
radioactive waste repositories in shallow ground,
operational experience in shallow ground disposal
of radioactive waste, management of radioactive
waste produced by radioisotope users in medicine

and industry, etc. CRP will be launched
in 1984 on migration and disperision of
radionuclides from waste packages disposed
in shallow ground r e p o s i t o r i e s , and on
evaluation of low- and internieoiate-1 evel
radioactive solid waste forms and packages in 1985;.
Disposal of high-level and alpha-bearing radioactive waste
in deep
continental
geological
formations were and continue to be the subject of
Agency safety series reports on concepts and
examples of safety analysis for radioactive waste
repositories
in
continental
geological
repositories,
performance
evaluation
of
underground
repositories,
and
guidance
for
regulation for disposal of radioactive wastes.
Preliminary work has been initiated on international guidelines and technical criteria for
underground disposal of high-level
radioactive
waste
scheduled
for
publication
in
1988.
Technical
reports
and
documents
are
being
developed or will be developed to support safety
series documents on site investigation techniques
and siting, design, construction, operation and
shut-down of repositories for solid radioactive
wastes in deep geological formations,
in situ
experiments for deep geological disposal, nearfield effects and effects of heat from higW-level
radioactive
waste
in
underground
disposal,
borehole plugging and shaft-sealing related to
underground disposal of long-lived radioactive
watte. A Code of Practice and Guides to the Code

for underground disposal for different options
are proposed for initiation of work in 1985 to be
completed in 1986.

CRP on geochemistry of neptunium and on
corrosion of materials used for waste containment will be initiated in 1985 and 1986
respectively.
The management of wastes from the raining and
milling of uranium and thorium ores has been
included as part of the underground disposal
subprograms, since the final deposition of these
wastes is similar to shallow ground disposal of
low-level
wastes.
The
Agency
started
its
activity in this area following the recommendation
of
the UN
Conference
on
the
Human
Environment, by preparing a Code of Practice and
a Guide to the Code in 1974/75.
Increasing
attention has been
given
to review
related
technical, environmental and safety issues in
recognition
of
the
long
term
radiological
implication of mill tailing management. A joint
OECD/NEA-IAEA symposium was held
in 1981 in

New Mexico, USA. Further development in this area
necssitates the review of the previously issued
Code of Practice on management of waste from the
mining and milling of uranium and thorium ores
for which work is in progress.
An on-going
Co-ordinated Research Programme on the environmental migration of radium and other contaminants
present in liquid and solid wastes from the
mining and milling of uranium ores supports this
work.
Environmental Aspects of Nuclear Energy
Within the subprogramrae on environmental aspects
of nuclear energy the IAEA organized a number of
symposia,
meetings,
co-ordinat id
research
programmes
and
prepared
safety
series
and
technical documents over the past years which
addressed various aspects of aquatic, atmospheric
and
terrestrial
dispersion
and
behaviour
of
radionuclides released from nuclear facilities.
Activities
which
concern
the
environmental
transfer of radionuclides, with special regard to
their radiological aspects were covered in a
symposium on the behaviour of tritium in the
environment and on the migration of long-lived
radionuclides in the terrestrial environment. A
seminar on the environmental t*ansfer to man of
radionuclides released from nuclear installations
was just held in October this year. Co-ordinated
research programmes have been conducted and are
being carried out on the behaviour p'f tritium in
some
typical
ecosystems,
the
migration
and
dispersion of radionuclides from ,-fche storage of
radioactive waste in the terrestrial environment,
the transuranic cycling behaviour in the marine
environment,
the
study
on
the
source,
distribution, movement and deposition of radium
in inland waterways and aquifers and on the role
of sediments in the tranport and accumulation of
radioactive pollutants in river and estuaries.
In connection
with
the marine
protection a joint IAEA-OECD/NEA
impact
of
radionuclide
releases
environment was held in 1980.
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environmental
symposium on
into
marine

The London Convention on the Prevention of Marina
Pollution by Duaping of Waste and Other Hatter
assigned the Agency the responsibility for
defining waste prohibited from being dumped at
sea, and for preparing recommendations that
should be taken into account fully in the caae of
duaping radioactive waste which does not fall
under - the
above
definition.
Provisional
"Definition and Recommendations" were prepared in
1974. A revised version has been operative since
1978.
The
"Recommendations"
describe
the
requirements regarding site selection, site
specific assessment and monitoring, packaging and
operational control of dumping, to be followed by
national
authorities when
granting
special
permits for dumping of radioactive waste. The
IAEA's "Definition and Recommendation*" are kept
under review and the next revision is scheduled
to be completed by 1985. Guidelines addressing
the environmental assessment of dumping sites,
and the definition of 'de minimi*' levels of
radioactivity for waste not requiring special
permit for dumping, may also be provided in due
course. A Safety Series Report on procedures and
data for the evaluation of ocean disposal of
radioactive waste and Technical Report* on site
specific models and pathway analysis in coastal
marine environment will also be prepared.

CONCLUSIONS
The increasing industrial use of nuclear power
for electricity production will lead to increased
quantities and activity of radioactive wastes
that must be safely aanaged and disposed of in a
aanner that ensures the protection of aan and his
environment. The IAEA will continue to provide a
suitable forum for exchange of waste management
information aaong its Member States and the
interested international organizations to help
achieve this goal. The Agency will continue its
activities to collect, . review and disseminate
up-to-date information; develop guidelines and
support research in various areas including in
the field of handling, treatment and conditioning
of all kind of radioactive wastes, underground
disposal of wastes as well as the environmental
aapects of nuclear facilities. The Agency would
also welcome suggestions and iaputs froa experts
on new 'initiatives or changes in the programme
direction to enable the Agency to serve better
the
interests
of
its
Member
States.

At the * last Consultative Meeting
of the
Contracting Parties to the London Dumping
Convention held in February, tone new actions
were taken requiring the IAEA to review its
activities with respect to the work of the
Convention on the dumping of radioactive waste
into the deep sea. The consultative committee
decided that a meeting of experts will be
convened to review all consideration* relevant to
the dumping of radioactive waste at sea. The
IAEA was requested to convene an interagency
meeting, which was held in September this year,
to put together information which could be
referred to and which would facilitate the
discussion of the LDC expert meeting in 1984 or
so.
Currently, consideration is being given to the
impact of radionuclide releases on a regional and
world-wide basis. In particular, regional and
long-range atmospheric pathways are reviewed for
the eventual preparation of recoaaendations
regarding measures to be taken for the control of
such releases, if the need arises. The Agency's
Nuclear Safety programme is actively working to
provide recoaaendations for optimization of
practices related to the release of radioactive
aaterials into the environment. Another area of
importance is the dicussion on 'de minimi*'
concepts in the radioactive waste disposal for
the uncontrolled land disposal of very low-level
solid wastes. Consideration has also been given
to non-radiological aspects of nuclear energy
utilization,
and
in
particular
to
the
environmental aspects of cooling systeas and
theiaal discharges froa nuclear power plants.
This was the subject of a symposium and a
co-ordinated research programme. Attention will
be paid also to the beneficial aspects of
utilizing
thermal
releases
from
nuclear
facilities.
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ENVIRONMENTAL ASSESSMENTS REQUIRED TO SUPPORT NOMINATION OF SITES
Robert M. Mussler
Office of the General Counsel
U.S. Department of Energy
Washington, D.C.
Nuclear Waste Policy Act of 1982
This paper addresses the requirement in the Nuclear
Waste Policy Act for the Secretary of the
Department of Energy to complete environmental
assessments to accompany the nomination of at
least five (5) sites that he determines suitable
for site characterization for selection of the
first repository. I will focus on the statutory
requirements for these assessments and Mr.
Ellison Burton, who will follow me, will discuss
the Department of Energy's plans for implementating
these requirements.

environmental assessment. The public involvement
to date on the eiivironmental assessments has been
at the hearings on the scope of those documents that
were held near each of the nine (9) potentially
acceptable site earlier this year. Those comments
received will be considered in the development of
the draft environmental assessments.
To digress for a moment, the term "environmental
assessment" in this context may be confusing.
Some of you may be familiar with the term
"environmental assessment" associated with the
environmental review of proposed actions by
Federal agencies pursuant to the National
Environmental Policy Act of 1969, better known as
"NEPA". As part of such reviews under NEPA,
Federal agencies may complete "environmental
assessments" to determine if a proposed action
warrants the preparation of an environmental
impact statement. The Council on Environmental
Quality (CEQ) has issued regulations governing
the preparation of these environmental assessments.

The Nuclear Waste Policy Act of 1982 establishes a
schedule for siting the nation's first repository
for nuclear waste and spent fuel. The Act assigns
the primary responsibility for conducting this
siting program to the Department of Energy.
The Act provides for the Secretary of Energy to
begin by identifying potentially acceptable sites
for a repository within ninety (90) days
r.fter the date of enactment. As you are aware,
the Secretary has identified nine (9) potentially
acceptable sites. Next, the Secretary is to issue
general guidelines for the recommendation of sites
for repositories. As you are probably also awa";a,
these guidelines have been developed through
extensive consultation with interested States and
. Federal agencies, and also public review and
comment. The guidelines have been sent by the
Department of Energy to the Nuclear Regulatory
Commission for concurrence as required by the Act.
Once concurrence is received the guidelines will
be issued in final form by the Secretary of Energy.
Following issuance of the guidelines, the Secretary
is to nominate, from the nine potentially acceptable
sites, at least five (5) sites that he determines
suitable for site characterization for selection
of the first repository site. Each nomination
is to be based on a determination by the Secretary
that the nominated site is suitable for site
characterization, and is to be accompanied by an
environmental assessment. Before nominating a site
the Secretary is to hold public hearings in the
vicinity of such site to, among other things,
solicit and receive recommendations with respect
is issues that should be addressed in the

Since the documents described in the CEQ regulations
and in the Nuclear Waste Policy Act are termed
"environmental assessments", it is easy to see how
this may result in some confusion since they
are governed by separate sets of requirements.
The Nuclear Waste Policy Act specifies what is to
be included in the environmental assessments
to accompany nominations, and these requirements
are not related to the CEQ requirements for
environmental assessments under NEPA. Furthermore,
the purpose of the Nuclear Waste Policy Act
environmental assessments is not to determine if
an environmental impact statement is needed but
rather, as stated earlier, to accompany site
nominations.
The Act identifies six (6) elements that must be
included in each en\ ronmental assessment, and
specifies that judicial review is to be limited
to the sufficiency of the environmental assessments
with respect to those six (6) elements.
The first element the Act requires to be included
in the environmental assessments is an evaluation
as to whether the site in question is suitable for
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site characterization under the general siting
guidelines. *As stated earlier these guidelines are
expected to be issued by the Department of Energy
shortly after concurrence is received from the
Nuclear Regulatory Commission. This evaluation
under the guidelines will address the question of
whether, based on available information, the site
is suitable for further study. To state it another
way, the evaluation will address whether there is
currently available information that indicates or
tends to indicate that, under the criteria laid out
in the guidelines, the site could be unsuitable for
a repository. The absence of such information
would mean that the site would be suitable for
further study.
The second element is an evaluation as to whether
the site in question is suitable for development
as a repository under each guideline that does not
require site characterization as a pre-requisite
for application of such guideline. These
evaluations are not intended to answer the question
of whether the site is ultimately suitable for a
repository. The answer to this question will only
come after site charaterization is .completed which involves the drilling of an exploratory
shaft to the repository horizon and conducting at
depth testing. Instead, this evaluation is
primarily concerned with pre-closure impact issues
such as environment, socioeconomics, and
transportation. To put it another way, in
conducting these evaluations the Department will
concentrate primarily on the suitability of the
site for a repository based on non-geologic,
surface issues. Since site characterization
activities are principally directed at determining
the suitability of the geologic media, guidelines
such as geochemistry will require site
characterization in order to be applied.
Guidelines such as those dealing with site
ownership, transportation, population, and
environment can be applied essentially without
conducting site characterization. So evaluations
under this second of the six (6) elements will
analyze, based on available information, whether
the site's surface characteristics indicate that
it would be suitable for the location of a
repository.

The third element is an evaluation of the effects
of the site characterization activities at the
site in question on the public health and safety
and the environment. "' This evaluation will consist
of an impact analysis similar to that found in
the NEPA type environmental assessments. The site
characterization activity that will probably cause
the most impact will be the construction of the

exploratory shaft. Impacts including disposition
of drill spoils and worker immigration will be
analyzed.
The fourth element is a reasonable'comparative
evaluation of the site with other sites and
locations that have been considered. This
evaluation will provide an opportunity to see
how the individual characteristics of a site
compare to the same characteristics of the other
sites being nominated. This evaluation, since it
covers all of the nominated sites, will be the
same in each of the environmental assessments.
The fifth element is a description of the decision
process by which the site was identified. This
descriptive section will trace the site screening
process and explain how that process led to the
site in question.
The sixth and final element is an assessment of the
regional and local impacts of locating the
proposed repository at the site in question. This
analysis will be based on available information
about the regional and local characteristics of the
site and on the conceptual model of the repository.
It will address repository construction, operation,
and closure activities.
The Act requires that each environmental assessment
prepared be made available to the public. To
maximize public involvement in the development of
the environmental assessments, the Department of
Energy intends to issue them in draft for review
and comment. Following* the close of that comment
period the environmental, assessments will be
finalized and subsequently at least five (5) sites
will be nominated.
The Act specifies that the issuance of the
environmental assessments are considered final
agency action subject to judicial review by the
United States Court of Appeals. As stated earlier,
such review by the courts will be limited to the
sufficiency of the environmental assessments with
respect to the six (6) elements discussed above.
Tha nomination of five (5) sites is to be followed
by the recommendation by the Secretary of Energy
of three (3) of the nominated sites to the
President for characterization as candidate sites.

244

STATUTORY ENVIRONMENTAL ASSESSMENTS UNDER THE NUCLEAR
WASTE POLICY ACT OF 1982:
PROCESS, CONTENT AND STATUS
Ellison S. Burton, Acting Director
Siting Division
Office of Geologic Repository Deployment
INTRODUCTION - WHAT THE ACT REQUIRES

early screening decisions to the States and the
public, thus, the Act requires that the Secretary
prepare a statutory EA to accompany each site
nomination. The DOE has decided to issue draft
EAs for public review and comment before final
issuance, although this step is not required by
the Act.

Bob just discussed the legal requirements for the
Environmental Assessments (EAs) which accompany
the nomination of sites for detailed
characterization. He also highlighted the
significant difference betvyeen these statutory
EAs and EAs prepared pursuant to the National
Environmental Policy Act (NEPA) of 1969. I will
now discuss how the Department of Energy (DOE) is
proceeding with the development of these
important documents. I will begin by first
summarizing several important elements in the DOE
site selection process. Then I will discuss the
role of the Siting Guidelines in the preparation
of the EAs. Finally, I will provide an overview
of the content of the EAs, and how they will be
managed by DOE and their schedule.

The Act requires no specific documentation of the
basis for the Secretary's decision to recommend
three of the nominated sites for detailed
characterization. However, the Department is
planning to prepare a Site Recommendation Report
(SRR) that will serve as the decision document
supporting the recommendation of these sites.
The EAs and the data base supporting the EAs will
serve as a basis for the SRR. The methodology
for narrowing the choice of sites from five to
three will be developed in consultation with the
host States and affected Indian tribes.

Key Elements in the Site Selection Process

The last major step in the site selection process
is the recommendation to the President, after the
completion of site characterization, of one site
for repository development. Because of the
importance of this decision, the Act requires
that the Secretary prepare a comprehensive
statement of the basis for his recommendation of
the site for repository development. Among other
things, this comprehensive statement must include
a NEPA Environmental Impact Statement, a
description of the repository and waste form,
preliminary comments from the NRC as to the
sufficiency of the at-depth site characterization
analysis to support a licensing application, and
the views and comments of any State or affected
Indian tribe. The Secretary's statement will be
made available to the public and will be
submitted to the President.

At the time of passage of the Act, the Department
had been studying nine sites in six states for
the first repository. They consist of two bedded
salt locations in the Permian Salt Basin in
Texas, two bedded salt sites in the Paradox Salt
Basin in Utah, two salt domes in Mississippi, one
salt dome in Louisiana, and one site each in a
tuff formation in Nevada and in basalts of the
Pasco Basin on the Hanford Reservation in
Washington. In February 1983, in accordance with
the Act, DOE determined that these sites were
potentially acceptable and notified the affected
States.
Hereafter, the site selection process will,
successively, reduce the 9 potentially acceptable
sites (PAS) to at least 5 nominated sites, then
recommended for detailed characterization, and
finally recommend 1 of the 3 characterized sites
for construction of the first repository.

Role of Siting Guidelines in Preparation of EAs
and SRR

As Bob indicated, the Congress determined that
site screening activities leading to the
identification of sites for detailed
characterization are preliminary to the site
selection decision, and thus, are not considered
major Federal actions requiring the preparation
of Environmental Impact Statements. The Congress
nevertheless recognized the importance of these

An overview and status of the DOE Siting
Guidelines was presented in yesterday's Session B
on Site Screening. I will briefly discuss the
role of these Guidelines in preparing the EAs.
The analysis of the sites with respect to the
Siting Guidelines provides the fundamental basis
for the nomination and subsequent recommendation
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of sites for detailed characterization. In
implementing the Siting Guidelines, the
Department will emphasize a need to consider
diversity of rock types and geohydrologic
settings as an important factor in the site
nomination. The Department has determined that
differences in the geohydrologic and related
characteristics of basalt, tuff, bedded salt and
domed salt warrant their grouping into distinct
geohydrologic settings.

discussion will provide an evaluation of site
suitability for site characterization using the
guidelines that require site characterization.
The preferred sites will be evaluated with
respect to each guideline. Uncertainties will be
discussed and analysis will be provided to
support any conclusion regarding the likelihood
that the site meets each particular guideline.
Each EA will cite key data used in the evaluation
of the site against each of the technical
guidelines. Complete results of analyses and
conclusions for each guideline will be provided.
Preliminary performance assessment calculations
will also be presented. Preliminary performance
assessments will be used primarily as a tool in
evaluating the site with respect to the systems
guidelines. The results of these analyses will
be used to assess site suitability with respect
to overall system performance, and thus, with
respect to the technical guidelines collectively.

At the present time, DOE is in the process of
screening the 9 PASs identified against the
disqualifies contained in the Siting
Guidelines. Each site within a geohydrologic
setting will then be evaluated against the
technical guidelines, including favorable and
potentially adverse conditions.
The Siting Guidelines will be applied further in
identifying the preferred site(s) within each of
the two bedded salt basins and the Gulf Interior
Region. The Siting Guidelines give primary
consideration in this screening to long-term
radiological safety after repository closure.
Therefore, primary consideration in evaluating
sites within a geohydrologic basin will be given
to the ability of the site to isolate the waste.
This consideration will also be applied in
developing the recommendation of the nominated
sites for detailed characterization.
Content of the Environmental Assessment as a Site
Nomination Decision Document
The EA will include:
(1) A summary of the decision process leading to
site nomination and the rationale for grouping
the PAS's into distinct geohydrologic settings.
(2) A summary evaluation of the 9 PASs against
the disqualifiers in the Siting Guidelines.
Because each salt geohydrologic setting contains
more than one site, each salt EA will include the
basis for nominating one or more preferred sites
within each geohydrologic setting. A methodology
to identify preferred sites within the Permian
and Paradox Salt Basins and among the Salt Domes
within the Gulf Interior Region is presently
under development and has recently been discussed
with the affected salt States.

(5) A description of the proposed site
characterization activities and discussion of
their expected effects on public health and
safety and the environment. It will also include
discussions of alternative activities that may be
undertaken to avoid adverse effects or mitigate
any significant adverse effects that cannot be
avoided. Relevant issues raised in State, tribe,
and public comments will also be addressed. The
major emphasis will be an assessment of the
effects of constructing an exploratory shaft and
the in situ testing program on socioeconomic
conditions and the environment.
(6) A description of the regional and local
effects of locating a repository at the site on
health and safety and the environment. Emphasis
will be placed on the effects of repository
development in such areas as transportation.
Analyses will be performed to examine possible
conflicts between proposed repository activities
and the objectives of Federal, Regional, State
and Local, and affected Indian tribe land use
plans, policies and controls. Means to mitigate
adverse environmental, transportation, and
socioeconomic effects will also be discussed.
(7) A comparative evaluation and discussion of
all nominated sites against each guideline and
against one another.
EA Management

(3) A description of the site and the
repository. The site description includes such
items as location and present use, geologic and
hydrologic conditions, transportation, and
environmental setting.
(4) An evaluation of the suitability of the site
for characterization and for development as a
repository. This is a three-step process.
First, the rationale for distinguishing between
guidelines that require site characterization and
those that do not require site characterization
will be presented. Next to be discussed will be
the suitability of the site for development as a
repository by evaluating the site against the
guidelines that do not require site
characterization. Finally, the suitability
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The simultaneous preparation and issuance of five
or more EAs presents obvious resource and
logistic challenges. To assure quality,
consistency and coordination, DOE has established
an EA Steering Group which develops guidance for
the DOE field offices on preparing EA documents
and resolves issues which arise during EA
preparation. This group, which I chair, consists
of representatives from the Office of Geologic
Repository Deployment, DOE Headquarters and each
of the Project Offices. The group meets
regularly and has developed a draft Annotated
Table of Contents for the EAs. DOE Project
Offices are responsible for preparing the
site-specific portions of the EAs. Headquarters
will prepare those sections which will be common

to all EAs, such as the comparative evaluation
and discussion of each nominated site against
each Siting Guideline and against each other.
Schedule
The current schedule calls for public
availability of the draft EAs by the Spring of
1984. After a public review and comment period,
which will include conducting public hearings in
the vicinity of each nominated site, the DOE will
issue final EAs, probably sometime in the early
Fall of 7984.
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SALT PROJECT ENVIRONMENTAL ASSESSMENT ISSUES AND PLANS
W. H. Mclntosh
Office of Nuclear Waste Isolation
Battelle Project Management Division
Columbus, Ohio
INTRODUCTION
Public Law 97-425, the Nuclear Waste Policy Act of
1982,1 provides a mandate for the development of
repositories for the disposal of high-level radioactive waste and spent fuel. The Act establishes
the disposal task as a Federal responsibility. Although Congress delegated to the Secretary of the
Department of Energy the authority to develop the
repositories, it also names, in Section 111, others
who have roles in solving the national disposal
problem. The Federal Government has responsibility
for leading the effort; generators and owners of
such waste and spent fuel must pay the costs of disposal; the states and the public are to participate
in the planning and development effort, through
provisions which are designed to establish public
confidence that disposal can be and is done in a
way that does not adversely affect health, safety,
and the environment for them or future generations.
The provisions for public hearings provide for the
public to raise the questions it believes need
answered before that confidence is established.
This paper describes (1) questions raised in the
public hearings on potentially acceptable sites,
(2) the long process of providing answers to the
questions, and (3) some ways for the participants
in the process to become confident that enough is
known to proceed through each step of repository
development.
WHAT ARE THE ISSUES?
Before delving into the comments raised in the public
hearings held by DOE in April and May 1983, the use
of the terms "issue" and "question" needs to be defined. Botii an issue and a question may be defined
as a subject or matter in dispute. Because one
Webster definition for the term question is an
"interrogative expression often used to test knowledge", it is the more useful term.
For purposes of planning and developing repositories,
a question, many times used interchangeably with
"issue", becomes relevant if it aids the critical
examination of the facts, projections, extrapolations, expert opinions, and conclusions, in short,
the knowledge, on which safe disposal rests. To a
large extent it is the state and public questioning
process, referred to in the Act as "participation",
that tests the soundness of DOE decisions leading to
safe and environmentally acceptable high-level
nuclear waste disposal. Establishment of public
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confidence will be the result of this testing if
DOE, the states, and the public focus their attention on the relevant questions.
From the public hearings held in the vicinities of
potentially acceptable sites in Mississippi,
Louisiana, Texas, and Utah, several thousand issues
or questions were raised (ONWI, 1983a) 2 . Some will
aid in the examination of knowledge relevant to
waste disposal, some will not. All have been
systematically examined, paraphrased, and categorized as shown in Table 1.
Issues' of concern to the greatest
as measured by the frequency with
tively similar comments appear in
record, are identified in Table 2
topical areas in Table 1.

number of people,
which relathe hearing
for each of the

Issues raised (Table 2) in technical topics 1
through 7 were shared generally across the four
salt states and in a broad sense could be considered public health and safety issues. In contrast, the concerns for environmental quality
(topic 8) and socioeconomic impacts (topic 9) were
highly state specific. A trend or emphasis in the
environmental and soci©economic topical areas from
the Louisiana hearing record is not detectable
due to the relatively small number of comments.
Although the issues raised by the public may not
necessarily be an accurate measure of their importance from a scientific point of view, they
do represent the status of public understanding.
For example, the issue of data sufficiency is
frequently raised by the public (Table 2,
topic 3). Yet DOE has reported that it
is confident, on the basis of available data, thai
it can dispose of waste and spent fuel safely in
geologic formations between 1997 and 2006 (DOE,
1980)3. The Nuclear Regulatory Commission
(1983)4 also found a basis for confidence. And,
the National Academy of Science concluded (1983)5,
"the technology for geologic waste disposal has
advanced to the state of a preliminary technical
plan, suitable for testing and for further technical studies and pilot-facility confirmation.
... Technical information now in hand and expected
to be forthcoming ... is likely to be sufficient
for the selection of one or more candidate sites
for in situ testing." In NWPA parlance this
equates to selection of three sites for site
characterization.

TABLE 1. LISTING OF TOPICAL AREAS AMI SUBJECTS FOR CHARACTERIZATION OF PUBLIC ISSUES ANO CONCERNS

• NTUS PROGRAM PLANNING PROCESS

«

Pointed Factors
Nucltir Issues
Regulatory Requirements
Schedule
Sttt Selection Process
Equity Factors In Site Selection
Alternative Waste Management,"
Olsposal Concepts
Alternative Sites
Progrta Credibility
• CONSULTATION ANO COOPERATION
DOE/Ctt1zen Interactions
DOE/Federsi, State and Local
Government Interactions
Public Hearings
information/Oata Availability

• HYDROLOGY
Aquifer Characteristics
Hydrological Modeling
Repository Water Supply
Water Availability for Other
Uses
•

• ENGINEERING/REPOSITORY DESIGN
CONSIDERATIONS
Radiological Parameters
Waste Characteristics
Waste Package
Technology
Re-entry/Retreivab111ty
Hon1tor1ng/Correct1ve Activities
Material Requirements
Land Requirements
Surface Salt Management Plan
Costs

ENVIRONMENTAL QUALITY
Land Use and Management
Mater
Air
Noise
Aesthetics
Cultural and Historical
Biota
Total Environmental Impacts

GEOLOGY
Site/Host Rack Properties
Geochemi stry/Geoliydrology
Stratigraphy/Formations
Geological Stability of Region
Resource Extraction

•

TRANSPORTATION
Transportation Systems
Shipments
Route Upgrade/Maintenance
Accidents

t PUBLIC HEALTH AND SAFETY
Radiation Exposure
Worker and Public Hazards
Accidents
Severe Heather
Human Interference
Proximity to Other Major Nuclear/
Government Facilites

SOCIOECONOM1CS
Population Density/Distribution
Population Migration
Labor Force
Housing
Public Services and Facilities
Local Government Finances
Existing Business/Industries
Regional Development
Community Lifestyles/SocUl
Interactions
Psychological Fears/Mental
Anguish
Insurance Compensation

Source: O N W I . 1983a.(2l

TABLE 2. ISSUES RAISED IN PUBLIC HEARINGS IN STATES AND VICINITIES
OF SITES THAT ARE POTENTIALLY ACCEPTABLE FOR REPOSITORIES

Topical Area

Most Frequently Raised Issue

1. NWTS Program Planning Process

Sufficiency of scientific and technical
data available to support recommendation
of sites for characterization

2. Consultation and Cooperation

DOE unresponsiveness or apparent unawareness
of citizen concerns

3. Engineering/Repository Design
Considerations

Undemonstrated and unproven technology to
isolate wastes over extended time

4.

Geolo(.y

Suitability of salt

5. Hydrology

Possible unavailability of water for a
repository or competition for water

6. Transportation

Shipments of waste through population
centers

7.

Public exposure to radiation and potential
safety and health effects on future
generations

Public Health and Safety

8. Environmental Quality

Texas:

Loss or contamination of productive agricultural land
of the Ogallala aquifer
Utah:
Impacts on Canyonlands
National Park and the Colorado
River
Mississippi: Potential contamination of
surface and groundwater
resources used for water
supply

9. Socioeconomic Impacts

Texas:

Effects of repository image
on agribusiness and the importance of agriculture to the
economic base of the Panhandle
region
Utah:
Potential impact on the
tourist industry
Mississippi: Relatively high population
density (Richton)

Source: ONWI, ig83a(2>.
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Numerous public comments also have questioned the
suitability of salt (DOE, 1983a)2, yet the National
Academy of Sciences has established (1957) 6 and recffirmed (1970)7 the potential suitability of rock
salt formations for waste disposal.
One important message from the differences between
public and scientific understandings of these data
sufficiency and salt suitability questions is that
the public is either unimpressed or uninformed (or
both), about the positions of the technical community. If DOE is to accomplish its mission, this
gap in understanding between the technical community
and the public will need to be narrowed.
Drucker (1974) 8 would likely compare the DOE Office
of Civilian Radioactive Waste Management to a
business enterprise and thus define one of its tasks
as management of social impacts caused by the conduct of its business (waste disposal). Social
impacts need to be well managed in order to
maintain societies support for the enterprise.
One might conclude that DOE needs to seek expanded ways to improve public understanding of the
issues surrounding waste disposal. One way is to
examine how questions are to be answered.
WHAT IS THE PROCESS OF
ANSWERING QUESTIONS?
The Act requires that the residents around potentially acceptable sites be informed and heard, and
that the issues they raise, which are within the
scope of the EAs defined in Section 112(b)(l)(E),
and the EISs defined in Section 114(f), be addressed in these documents. Section 111(a)(6) of
the Act states that public participation is essential. Other provisions of the Act suggest additional forms of participation. For example, Section 116(c)(l)(B) provides grants for (i) review of
the activities DOE conducts, to (iii) engage in
their own site monitoring, testing, or evaluation,
and to (v) make comments and recommendations to the
Secretary of DOE. Section 117(b) provides that the
Secretary shall consult with states and affected
Indian tribes in an effort to resolve concerns regarding public health and safety, and the environmental, and economic impacts of any such repository.
The Secretary is required to "take such concerns
into account to the maximum extent feasible ...".
The statute, for the pre-site-cnaracterization
phase, will appear to be fulfilled, in part, on the
basis of (1) holding hearings pursuant to Section
112{b)(2)"of the Waste Act, (2) providing EAs
[Section 112(b)(l)(E)], and (3) consulting with
states and Indian tribes [Section 117(b)].
Maintenance of meaningful dialogue through the
repository development process is important.
Because dialogue is so important, the salt
project has:
• Examined and 2categorized the hearing record
(ONWI, 1983a) and requested the states to
review whether ONWI-505 accurately captures
the issues raised
• Responded to the issues raised in the hearing
record (ONWI, 1983b)9 and is awaiting state
and public response
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• t Conducted information exchange meetings to
talk one-on-one with local residents
• Presented in meetings with the states the
criteria on which it believes the issues of
ONWI-505 should be placed within the scope
of the EAs, and
• Held topical meetings for state technical
representatives on environmental issues of
common concern (i.e., waste transportation,
salt management and disposal, water needs,
methodology to compare salt sites in a geohydrologic setting, principles for defining
site boundaries, criteria for determining EA
in-scope issues, and EA schedules).
Once DOE publishes draft EAs, the salt repository project plans to explain the content
of the EAs, conduct public meetings or hearings
on the draft EAs, and receive written and oral
comments. A DOE response to those comments is
planned within the final EAs.
What becomes important to answering the issues
raised in the public hearings is the fact that the
Congress recognized that a stepwise process was
prudent, and that through the next decade of study,
design, and public and regulatory review, the knowledge base on which public health and safety, and
environmental assessments hinge, will be greatly
enhanced through the process of detailed site characterization and state and regulatory review.
Table 3 provides one model for showing the type and
degree of information to be made available and used
at various stages of program evolution. Through
each phase of screening, site characterization and
licensing, concerns over data base adequacy, design
status, impact and performance assessment status,
and the degree to which publicly raised questions
are answered (Table 4) will be revisited. The plan
for addressing issues is still evolving. From
an institutional viewpoint, the EA is DOE's formal
response to the hearings held in April and May 1983.
The Nuclear Waste Policy Act of 1982 (the Act) in
setting forth an orderly process and schedule for
the siting of the first and second repositories
identifies specific procedural steps for the
nomination and recommendation of sites for site
characterization (the left third of Tables 3 and 4 ) ,
and the recommendation of one of the characterized
sites to the President for development of a repository (the middle third of Tables 3 and 4). Section 112(b)(l)(E) of the Act mandates that "... each
nomination of a site ... shall be accompanied by an
environmental assessment ..." and dictates certain
evaluations to be included in such statutory EAs.
The EA prepared under this section is not the same
as an EA prepared for purposes of compliance with
the National Environmental Policy Act (NEPA).
The content and substance of the statutory EAs
is therefore, also different. The Act specifies
a statutory EA (Section 112{b)(l)(E), before
site characterization (see Tables 3 and 4) and
an EIS after site characterization. Repository
impacts are to be assessed in both documents.
For the scope which the EA and EIS share (i.e.,
assessment of impacts of a repository), the
modifiers in Table 3 which characterize the
status of knowledge of site data, repository

TABLE 3.
MODEL OF KNOWLEDGE BASE FOR
REPOSITORY IMPACT ASSESSMENTS IN
EAS AND EISS
EISS i

REPOSITORY I
NUPA ENV. REVIEM
PROCESS
—PRE-CHARACTERIZATION S T U D I E S —
I
cITc
INFORMATION
BASE

-SITE CHARACTERIZATION — —

'

REPOSITORY LICENSING
AND CONSTRUCTION

BROAD COVERAGE OF LAND AREAS.
BASE DEVELOPED TO ARRIVE AT A
' INFORMATION
CONSISTS OF SORE SITE-SPECIFIC
DATA POINTS. SITE PROJECTIONS
AND EXTRAPOLATIONS ARE MADE
KITHIB THE CONTEXT OF
REGIONAL/AREAL VALUES,

KNOWLEDGE BASE IS SITE SPECIFIC,
MULTITUDE OF DETAILED SITE MEASUREMENTS WITH STATISTICAL
VALIDITY AN OBJECTIVE. REGIONAL
AND AREAL INFORMATION IS RECAST
WITH THE SITE AS A FOCUS, STILL
CONTAINS EXTRAPOLATIONS AND PROJECTIONS, BUT GENERALLY WITH
LOHER UNCERTAINTIES THAN PRECHARACTERIZATION SITED AT A BASE.

MEASUREMENTS TAKEN FOR VARIOUS
PARAMETERS. USED FOR ANALYSIS
TO CONFIRM ACCURACY PARAMETRIC
BASES OF PROJECTIONS AND
EXTRAPOLATIONS.

FEASIBILITY STUDIES OF DESIGN
CONCEPTS AT MULTIPLE SITES,
NO CONPSEHENS1VE SITE SPECIFIC
DESIGN.

DETAILED CONCEPTUAL AND TITLE I
DESIGN COMPLETED. TITLE II IS
COMPLETED DURING- REGULATORY
REVIEW PROCESS (T± YEARS).

TITLE III IS COMPLETED (AS
BUILT).

J.I!
...JJ,™. „
PERFORMANCE
ASSESSMENT
BASE

PREDICTIONS EASED ON PRELIMINARY MODELS AND FEASIBLE DESIGN
CONCEPTS WHICH ARE REGIONALLY
EXTENSIVE, SOME SITE-SPECIFIC
DATA.

PREDICTIONS ARE BASED ON VALIDATED MODELS, ACTUAL SITE-SPECIFIC
DESIGNS, AND EXTENSIVE REGIONAL
AND SITE SPECIFIC DATA BASE.

COMPARISONS ARE MADE BETWEEN
CONDITIONS MEASURED DURING
CONSTRUCTION AND PREDICTIONS
ARE UPGRADED AS NEEDED TO
REPORT TO REGULATORS.

-,» l.v
SITE IMPACT
ASSESSMENT
BASE

IMPACT PROJECTIONS ARE
PBELIMIWABY AND BASED ON
FEASIBLE DESIGN CONCEPTS,
AND LIMITED SITE DATA.
FEASIBILITY OF VARIOUS MITIGATION OPTIONS IS DESCRIBED.

IMPACT PROJECTIONS ARE BASED ON
CONCEPTUAL AND TLTLE I DESIGNS
AN EXTENSIVE SET OF SITE-SPECIFIC
MEASUREMENTS AND SYSTEM-WIDE
PERFORMANCE ASSESSMENT, MITIGATION MEASURES CHOSEN AND PLANNED
N1TH AFFECTED COMMUNITIES,

IMPACT COMPLIANCE MONITORING OF
CONSTRUCTION WHICH MEASURES
ACTUAL EFFECTS AND COMPARES
THESE AGAINST IMPACT PROJECTIONS,
MITIGATION MEASURES INSTITUTED.

„
'!„•„
REPOSITORY
DESIGN
BASE

SITS FOCUS

TABLE 4
MODEL FOR RESPONSE TO
PUBLIC HEARING ISSUES

EAl FOR
SITE NOMINATION

NWPA PUBLIC
—SCREENING STUDIES
HEARING PROCESS

EIS« FOR
REPOSITORY SELECTION

SITE CHARACTERIZATION—

1

— REPOSITORV LICENSING
AND CONSTRUCTION

1

Sources of
Public Hearing
Issues

EA Hearings

DEIS Hearings'

Licensing
Hearings

Response to
Public Hearing
Issues.

Perform Reasonable
Evaluations Bated
on Available Data—

Provide Comprehensive Analyses
Based on Extensive
Site Characterizetion D a t a -

Refine Comprehensive Analyses Based
on Regulatory
Review Process-

Emphasis on DOE
Guidelines and
Expectation of Compliance with 40 CFR
191, 10 CFR 60.

1

Emphasis on DOE
Demonstrating
40 CFR 1 9 1 . 10
CFR 60 Compliance.

Emphasis on NRC
mnd EPA Regulatory
Compliance Signoff.

'Hearings will also be held on the detailed plans for site characterization before it starts.

designs, performance assessments, and impact
assessments are important to understanding
the stepwise approach to a repository
development. The modifiers in Table 4 regarding the degree to which questions of the
public can be answered are likewise important.
Although the Act requires several evaluations
in the EA to be based upon the general guidelines
for the recommendation of sites for repositories
(and such guidelines include criteria governing
potential impacts from characterization, construction, operation, closure and decommissioning
activities), such evaluations are limited in scope
and depth by the information existing and available
at the time the EA is prepared. The Act and its

legislative history specifically contemplate
that the characterization process (middle third
of Tables 3 and 4) is to be used to acquire the
detailed information necessary to perform the NEPA
environmental impact analysis for a projected
repository which is to be contained in the EIS.
Any earlier uncertainties are to be resolved durinq
site characterization prior to issuance of the EIS*
attending repository selection.
The right-hand third of Tables 3 and 4 contain
modifiers appropriate to the regulatory review of
DOE's application for authorization to begin repository construction. During this phase the public and
the regulators will be performing the final tests of
Knowledge relevant to safe and environmentally
acceptable repository development.
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In a sense, the questions raised in the precharacterization phase and responses to them exist as
a continuum across the phases of Table 4. Such
issues and responses will remain of concern and
continue to be addressed from now until the repository is licensed to receive waste and spent fuel.
In fact, similar issues were raised in the EIS
(DOE, 1980)10 that served as a basis for DOE's decision to develop repositories in geologic formations
(DOE, 1981)11. The models in Tables 3 and 4 show
that the questions remain virtually the same through
the project phases shown. The degree to which
the questions can be answered increases from left
to right. People will have greater confidence
in the answers to the questions they ask if they
also understand the program phase (within the set
of phases) which becomes the context for those
answers.
The confidence people have in answers to the important questions must necessarily increase through
the process. Once that confidence reaches some
acceptable level, DOE can move forward with actual
disposal of wastes. That level of confidence is
expected to increase as DOE moves through the
licensing review phase.

cludes that institutional acceptance will be dependent upon demonstrated conservatism inherent 1n
each specific repository site and design.
The fact that these reviews occur and that the
approach is technically conservative, however, may
not accomplish the mission of developing repositories, unless the overall process of answering the
questions and comments 9 of the public is done well.
ONWI-5052 and ONWI-519 are steps in this direction. The public confidence should be expected to
increase if DOE addresses the questions of the
public systematically, and if it obtains and uses
feedback from the public to evaluate its responses.
By improving its responses to questions raised by
the public, DOE can aid in the increase in public
knowledge relevant to waste disposal.
The goals of addressing questions systematically
are twofold:
(1) To cause the public and scientific circles
of relevant knowledge to move closer, if not
to converge, and
(2) To cause both the public and scientific
circles of relevant knowledge to increase in
size through time.

HOW WILL WE KNOW WHEN WE KNOW ENOUGH?
The Act requires that disposing of waste as a service to society be accomplished with active state
and public participation. This participation is a
way to test the assertions and proofs of safety
and environmental protection, and thus establishing
or elevating public confidence. This is one part
of the waste disposal task.
One could argue that the public should have confidence in the assertions because there will be
numerous reviews and tests of relevant knowledge
within the DOE's peer reviews and state agency,
Nuclear Regulatory Commission (NRC), U.S. Geological
Survey, and Environmental Protection Agency (EPA)
reviews. The NRC will review the suitability of
the repository sites being evaluated for selection
against its technical criteria (U.S. NRC, 1983) 1 2 ,
and EPA will aid the evaluation by providing the
Environmental Standards with which DOE must comply
(EPA, 1982)13.
One could argue for confidence because the process
of developing repositories will follow a policy of
technical conservatism. In fact, DOE (1981)'4
states that methods are being followed "to provide
enhanced levels of confidence that ... overall
(repository) performance objectives will be met."
Conservatism is or will be provided in the program
approach in system performance margins, and in
repository design. The report (DOE, 1981)14 con-
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It is from systematically assessing whether the
public is gaining an understanding and confidence
in the capability of salt formations to isolate
wastes that the knowledge of "knowing enough" will
be derived.

CONCLUSION
Public and state participation in the NWPA mission
being implemented by DOE can be viewed as a
mechanism Congress established to test the knowledge that DOE has through each phase of the process
leading to safe and environmentally acceptable
repository development and waste disposal. Recent
reports3 of institutions such as NAS-NRC (1983) 5 , DOE
(1980) , and NRC '(1983)4, which review the DOE knowledge base relevant to disposal, suggest perceptions
of the status of issue resolution which are widely
divergent from the public and state perception
expressed and measured via recent public hearings
(ONWI, 1983)2. A continuing dialogue between the
salt project and the public on the safety and environmental issues is planned. Chances of success
of the NWPA mission can be improved with systematic
attention to the question/response process between
DOE and the public.
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WMPO PROJECT ISSUES AND PUBLIC CONCERNS
Donald L. Vieth
Waste Management Project Office
U.S. Department of Energy
Nevada Operations Office
"The open society, the unrestricted access to
knowledge, the unplanned and uninhibited association of men for its furtherance - these are what
may make a vast, complex, evergrowing, everchanging, ever more specialized and expert technological world, nevertheless a world of human community."
Those words were written thirty years ago by J.
Robert Oppenheimer in his book Science and the
Common Understanding. They are an accurate reflection of today's process to manage high-level
nuclear waste within the confines of a "world of
human community" and man's environment.
The Congressional findings in the Nuclear Waste
Policy Act of 1982 include the statement: "State
and public participation in the planning and development of repositories is essential In order to
promote public confidence In the safety of disposal of such waste and spent fuel."
Since the passage of that Act, nearly a year ago,
we who manage the Nevada Nuclear Waste Storage
Investigations Project have been listening to
State and Public communities and working to understand, clarify and resolve the issues of importance. In addition, we have been conducting a
vigorous effort to communicate and explain, at a
grass roots level, the Department's program to
dispose of nuclear waste. There have been a spectrum of responses to our effort but overall we
believe that we have been successful in transmitting an accurate reflection of our current and
planned activities. Today I will discuss briefly
what has been accomplished in Nevada in terms of
who is involved; what positions have been taken;
the issues that have been identified; and the
nature of our response.

Department of Minerals. Despite the organizational changes and differences in viewpoints, we
have maintained effective communication with Bob
Loux, who is managing the program. We have worked
together to assure that the state is continuously
aware of what is going on? the status of the technical program and the national priorities in maintaining a -viable schedule. Recently, we have initiated meetings with the State Department of
Transportation to gather data.
During the 1983 session, the Nevada legislature
adopted a resolution to establish the Nevada
Legislative Commission Subcommittee to Study the
Disposal of Highly Radioactive Waste in Nevada.
The three legislators appointed to the subcommittee are Senator Thomas J. Hickey, Chairman, and
Assemblymen Kenneth K. Redelsperger and James W.
Schofield. We testified before the subcommittee
at their first hearing on November 9. I believe
that we were able to successfully answer many of
their questions about the site and the technical
aspects of waste Isolation during a tour of the
Nevada Test Site (NTS) the following day.

In discussing who is involved, I have divided the
individuals into three groups: representatives of
the State Executive branch; the State legislative
branch; and the public and local community groups.

Our interaction with the public has occurred
through several mechanisms. The Act requires the
holding of public hearings prior to formal nomination of any site. Following consultation with
representatives of Governor Bryan's office, these
hearings took place March 30 and 31 in Las Vegas
and Reno. A three-member panel conducted the
meetings at which more than 100 individuals testified to assure that an unbiased record was established.
Those public comments were extremely
valuable to us in formulating our approach to the
Environmental Assessment docunont and in focusing
our communication effort, Much of the credit for
this hearing must go to the panelists: John
McBride, the Chairman, who is Chairman of the
University of Nevada Board of Regents; Dr. Peter
Krenkel, Dean, College of Engineering at the
University of Nevada; and Robert Revert, a Nye
County Commissioner.

On February 2 of this year, the Department of
Energy notified Nevada Governor Richard H. Bryan
that the Yucca Mountain site was a potentially
acceptable site. Shortly thereafter, we provided
a $350,000 grant to the Nevada State Department of
Energy. That Department has since been dissolved
and the state's high-level waste management oversight activities are being managed by the

In addition, we have made presentations to and
held discussions with a number of local community
groups. To run quickly down the list, we met with
the town advisory board in Amargosa Valley on
April 28; the town advisory council in Pahrump on
June 30; the Nye County Commissioners in Tonopah
on August 16; the citizens of Boulder City on
November 17; and the Las Vegas and North Las Vegas
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Chambers of Commerce. We have received strong
support and encouragement from all of these groups
regarding the siting of a high-level radioactive
waste repository. In addition, the Nevada Society
of Professional Engineers has prepared a strong
statement endorsing the project. To be balanced
In our reporting of viewpoints, the Las Vegas City
Commission has passed a resolution opposing the
repository.
The positions expressed by these individuals have
been wide ranging across both subject matter and
depth of intensity. The Governor is on record as
being "unalterably opposed"; the Amargosa Valley
town advisory board passed a resolution expressing
"a favorable response...based on what is now
known"; and the Nevada Society of Professional
Engineers stated that they, "support the Nevada
Test Site as a prime location for nuclear waste
disposal."
The two official forums of interchange to date
have been the public hearings specified by the
NWPA and the hearing, called by the State Legislature Subcommittee. The public hearings produced
nearly 400 comments on twelve issues surrounding
the site nomination. Seventy-three of these comments pertained to transportation and 64 comments
dealt with sodoeconomic matters.
The panel prepared a summary of the hearings and
noted, "Transportation comments and issues were of
as much concern during the public hearings as was
the proposed selection of Yucca Mountain as a
site. There was a fear of adverse impact on
tourism with the public's knowledge of nuclear
waste shipments transversing the same highways and
the possibility of a catastrophic accident." For
those who are interested, that hearing report is
available from our office in Nevada.
The panel also stated, "The comments in the area
of socioeconomic aspects were diverse and wide
ranging. Reference was made to the fact that
Nevada's economy over the years had been one of
'Boom or Bust.' If the Yucca Mountain was selected as the site and a 'Boom' period developed
during the construction, how would the 'Bust' side
be handled after the completion of the facility
and the subsequent ntmber of unemployed?...
Others were concerned that selection of the Yucca
Mountain as a site would serve as a depressant on
the Southern Nevada economy, adversely affecting
tourism and the ability of the State to attract
new high-technology industries."
More recently, the State Legislative Subcommittee
asked about a number of issues. Many of their
questions focused on the transportation planning
process vis-a-vis safety and emergency response as
well as socioeconomic impacts, especially the potential for adverse effects on tourism.
As a result of these various interactions with
the citizens and elected officials in the State of
Nevada, we have identified three issues of major
concern which are tourism, transportation and community impact.
The tourist attractions of Las Vegas have been
well known for many years.
The recreational
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facilities at Lake Mead and Hoover Dam also
attract many tourists.
The U.S. Travel Data
Center reports that in 1981, the state of Nevada
ranked 9th 1n the nation in terms of tourism
revenue dollars, having taken in $5.45 billion.
The Importance of tourism may be placed in appropriate perspective when you realize that Nevada
ranks 1st in the nation 1n tourism revenues per
citizen, having generated $6,804 per capita in
1981.
Thus, it is clear why the the citizens of Nevada
would question any effect which might cause a
decline in tourism thereby resulting in loss of
revenue and alter the tax structure.
Our initial effort has been to appropriately
comprehend and define the tourism issue in terms
which are suitable for analysis. It is our understanding that we must address two questions: Is
tourism affected by public perception of health
and safety risk? Does the public perceive a highlevel nuclear repository to present such a risk?
We have examined both methodologies for evaluating
the situation as well as national and local events
which appear to .be analogous. At the national
level we might consider the effects of the Three
Mile Island incident on Hershey Park; Love Canal
on Niagara Falls; and the building of various
nuclear power plants on local beaches. Locally,
we have identified three events which occurred
within the area of the Yucca Mountain site. These
Include the weapons testing experience at the
Nevada Test Site, the operation of the low-level
nuclear waste facility at Beatty, Nevada, and two
fires which occurred at major Las Vegas hotels.
All of the events have had significant coverage by
both local and national press, which is often a
major determinant in shaping public perception.
Thus, we expect there is much data to be examined.
To date, our efforts have been threefold. We have
recently completed a study, "Assessing Impacts of
High-Level Radioactive Waste Transport and Storage
on Tourism in the Las Vegas Area." In conducting
the study, we engaged in conversations with various state officials and organizations involved
with tourism.
We identified at least three
different methods which have been used to estimate
the effects of past or, future potential threats to
public safety on tourism.
In examining these
methods, we were not able to identify any basis
for an actual connection between the tourism industry and the repository project. Conversely,
there was no evidence which would conclusively
deny the existence of such a relationship. Thus,
we shall continue to investigate this issue.
As many of you may know, the state of Nevada has a
straightforward road network with routes 15 and 40
being the only interstate highways connecting to
the Las Vegas area. The citizens of the area are
sensitized to major transportation accidents
having observed the fiery crash of gasoline tank
truck near Las Vegas last year.
Transportation of high-level radioactive waste to
a repository could represent a risk to a community
for three basic reasons: a greatly increased
volume of traffic on existing roads; a catastrophic accident resulting in the release of a large

quantity of radioactive material; and Increased
background levels of radiation for citizens living
along the transportation routes. It appears that
the greatest focus 1s on the release of radioactive material as a result of an accident.
Historically, the public has been aware of transportation accidents Involving release of hazardous
materials which have caused death, Injury and
citizen evacuations. In comparison to high-level
radioactive materials, the volume of hazardous
material shipments 1s great. The Department of
Transportation estimates that 5-15 percent of all
trucks on the road at any given time carry hazardous materials and the National Transportation
Safety Board estimates that the number of such
shipments will increase from 250,000 per day to
500,000 per day over the decade of the 1980's
Major transportation accidents involving these
materials have received considerable attention
from the national news media. And yet, the 1983
report, Transportation of Hazardous Materials:
Toward a National Strategy, Eiy tEe National
Academy of Sciences reports the system to be
adequately safe.
The Technology Transportation Center at Sandia
National Laboratories maintains a record of all
transportation accidents involving high-level
radioactive material transported in type B packages. Despite the fact that there are more than
100 shipments per year of high-level nuclear
waste, during the 12 year period from 1971-1982
Sandia reports only 27 accidents. More importantly, Sandia reports no release of high-level
radioactive material.
In view of these statistics, we- believe that there
are substantial misconceptions about transportation. The question that needs to be addressed is
the criteria by which transportation is judged to
be a risk. If we use evacuation from one's home,
we can see some interesting comparisons. For
example, in 1981 there were a number of accidents
involving hazardous materials and between 10,000
and 20,000 people were evacuated from their homes.
And our society accepts this as a safe transportation system. By contrast, over the 25-30 years
that we have been shipping high-level radioactive
materials in type B containers, no one has been
evacuated from their homes. In view of the comparison of the transportation record against some
concrete standard of judgment we still remain
perplexed as to the type of reactions the public
has to the transport of high-level radioactive
waste.
With this historical data available, we have
turned our attention to discussions with the State
of Nevada to determine existing transportation
conditions within the state. We have also reviewed all regulations and all assumptions concerning the transport of spent fuel. The subject
is far from resolved; it will receive major attention in the Environmental Assessment and I expect
the investigations will continue until we can
resolve the issue for state officials as well as
the public.
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A number of local communities surround the Yucca
Mountain site. During the public hearing, many
citizens expressed concern about the "Boom or
Bust" effect which might result from the repository construction process. The perception seems
to be that there will be a great Influx of workers
from outside the state seeking temporary employment as well as community services. This process
is further perceived as causing major perturbations in the local economies.
Studies have been done to estimate the employment
level and the time periods. Estimates of 30005000 workers for a five year period when the
repository Is being built have been developed.
While this influx of workers seems high, and on
the surface seems to Indicate significant impact,
we need to place the situation in perspective.
For the purposes of comparison we can look at the
current operation of NTS. Historically the NTS
has employed a large number of workers. Currently
there are 6000 workers on site daily. This work
force is drawn from both Nye and Clark Counties
that, in the 1980 census, had a population of
nearly 475,000 people. The Department has developed a good operational plan to assure that
community Impacts are minimized. Most of the
people live In the Las Vegas area and every
morning approximately 100 buses carrying 4,500
people leave Las Vegas and surrounding communities
for the ride to the Test Site. In concept, and
based on many years of practical experiences, It
appears that the Department should be 1n a position to assure mitigation of this potential Impact.
Our response to this concern has been similar to
that in the tourism issue. We have a recently
completed study which has examined the repository
construction and operations process in terms of
both estimated time frame and estimated peak employment. This data is being developed concurrent
to discussions with local communities regarding
existing and future resources. Again, this is a
subject which will be included in the Environmental Assessment and will continue to be
investigated in the next year.
At this point, I think it is important to state
that we have reached no resolutions about these
public concerns. Nor did we expect to reach any
in this time frame. Our goal for this past year
has been to establish open, two-way lines of communication with the citizens of Nevada; to comprehend the citizen concerns; and to initiate investigations which may provide useful Information for
both the citizens of Nevada and the Department of
Energy. This is a process of great importance to
our program and one that I am pleased to have well
underway.

BASALT WASTE ISOLATION PROJECT ENVIRONMENTAL ASSESSMENT:
ISSUES, STATUS, AND PLANS
Donald J. Carrel 1
Basalt Waste Isolation Project
Rockwell Hanford Operations
Richland, Washington
INTRODUCTION AND BACKGROUND
The Basalt Waste Isolation Project (BWIP) is operated by Rockwell Hanford Operations for the
Department of Energy (DOE) and is in the process
of preparing its Environmental Assessment (EA) to
meet the requirements of Section 112 of the
Nuclear Waste Policy Act. The BWIP has been
conducting site investigations at the Hanford Site
since 1976. The mission of the BWIP is to
"determine the suitability of the Hanford Site for
locating a commercial waste repository." To
accomplish this mission, the BWIP is organized
into three main components: Research and
Licensing, Engineering, and Project Integration
and Performance Assessment.

HANFOBO SITE
1OUNDARY

The Research and Licensing component is
responsible for site-related investigations,
engineered barriers research, and for conducting
any licensing-related activities. The
Engineering component is in charge of ongoing work
at the Near-Surface Test Facility in Gable
Mountain, engineering design studies, engineering
development activites, and the construction of
facilities to support the BWIP. The Project
Integration and Performance Assessment department
provides the support necessary to integrate the
various components of the BWIP into a unified
effort and develops the performance assessment
models necessary to determine if a commercial
waste repository can be safely constructed, operated, and decommissioned at the Hanford Site.
The Hanford Site is a 570-mi"2 federal site in
southeastern Washington State that has been dedicated to nuclear programs since 1943 (ERDA 1975).
This area is relatively flat, except for Gable
Mountain and Gable Butte near the center of the
Site, and receives just over 6 in. of precipitation annually. This relatively low annual
precipitation rate dictates a rather barren shrubsteppe plant community dominated by sagebrush
(Artemesia tridentata) and cheat grass (Bromus
tectoruin). The Columbia River runs through the
northern portion of the Hanford Site and forms its
eastern boundary (Fig. 1). The nearest population
center is known as the Tri-Cities and is made up
of the towns of Pasco (17,944), Richland (33,578),
and Kennewick (34,397). Total population of the
Benton-Franklin County area is 144,469 (BOC 1981).
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Fig. 1 Location of the Hanford Site in southeastern Washington State.
The DOE began studying the Hanford Site to determine if it contained geologic characteristics suitable for a potential repository after the Comptroller General of the General Accounting Office and
the U.S. House of Representatives recommended that
federal lands where radioactive materials were
already present should be given serious consideration in the process to select suitable repository
sites. Prior to this recommendation, a smalldiameter borehole (ARH-DC-1) had been drilled to a
total depth of 5,661 ft through numerous layers of
basalt. This borehole indicated that the dense
interior portions of several basalt flows might be
able to safely contain nuclear wastes.

Studies of the basalt layers beneath the site have
been ongoing since 1976. Numerous boreholes have
been drilled to evaluate the geologic and hydrologic properties of the basalts and interbeds
beneath the Hanford Site. Information from these
boreholes and many other types of investigative
techniques were used to help select a reference
repository location (RRL) at the Hanford Site in
1981 (WCC 1981). The RRL has subsequently been
subjected to additional preliminary tests and
studies; however, final determinations of the
site's suitability will require the construction
of a large-diameter shaft to provide access for
first-hand observations and in situ tests of the
potential repository horizons. This 9-ft-diameter
shaft is a major part of the site characterization
activities still to be conducted at the Hanford
Site.

public hearing was to obtain comments on the proposed nomination of the Hanford Site as a potential
repository site, to identify issues to be considered in a Site Characterization Plan, and to identify issues to be discussed in the EA for site
characterization.
To facilitate the identification of issues for the
EA, the BWIP prepared a draft EA, which was issued
by the DOE as DOE/EA-0210 at the end of February
1983 (DOE 1983a). The Draft EA used the proposed
General Siting Guidelines issued in the Federal
Register (DOE 1983b) on February 7, 1983 as the
basis for evaluating suitability of the Hanford
Site for site characterization. In addition, the
draft EA discussed the other requirements of
Section 112 (b)(l)(E) of the Act. Thus, the public
was able to see the issues that the BWIP felt were
of paramount importance.

These site characterization activities require a
sizeable commitment of human, physical, and monetary resources. The U.S. Congress recognized this
fact and included a section in the Nuclear Waste
Policy Act of 1982 (NWPA 1982), which contained a
series of requirements that must be met before
site characterization activities can be initiated.
Section 112(b)(l)(E) of the Nuclear Waste Policy
Act (the Act) requires that a statutory EA be prepared that evaluates six key areas before site
characterization can begin. These six areas can
be summarized as follows:

Of the more than 800 comments offered in person,
or in letters following the hearing, ~150 dealt
specifically with issues that should be considered
in the environmental assessment process. Few, if
any, of the issues identified by the public haii
not been discussed in DOE/EA-0210—however, many
individuals and organizations were concerned that
certain topics were not treated in enough detail
or were summarily dismissed without sufficient
discussion. The main issues identified at the
public hearing were:

1. Site suitability evaluation for sit» characterization based on the DOE siting guidelines

•

Inadequate assessment of socioeconomic impacts

•

Incomplete analysis of transportation impacts

2. Site suitability evaluation for development as
a repository, based on those guidelines that
do not require site characterization

•

Insufficient treatment of the geohydro'logic
complexity of the Hanford Site basalt formations

3. Evaluation of site characterization effects on
the public health and safety and the environment

• Close proximity to the Columbia River

4. Reasonable comparative evaluation with other
sites and locations that have been considered

• Ability to make long-term performance projections based on a limited data base
• Concern that the religious and cultural beliefs
of the Confederated Tribes of the Yakima Indian
Nation were being ignored.

5. Description of the decision process by which
such site was recommended
6. Assessment of the regional' and lc^al impacts
of locating the proposed repository at such
site.
Further, the Act requires that the public be provided an opportunity to review and comment on a
draft of the EA prior to its final issuance. The
BWIP, as well as the otter projects in the National
Waste Terminal Storage (MWTS, Program, has begun
the preparation of the EA required by the Act.

Based on the public hearing in Richland,
ings held in the vicinity of other sites
for nomination, a number of studies were
by BWIP, the other NWTS contractors, and
Studies or additional efforts undertaken
BWIP included:

and hearproposed
undertaken
the DOE.
by the

• Socioeconomic study of the Benton-Franklin
County area surrounding the Hanford Site
• Restructurization of the geohydrologic drilling
program to aid in the understanding of the
Hanford Site

BASALT WASTE ISOLATION PROJECT
ENVIRONMENTAL ASSESSMENT ISSUES
The issues to be discussed in the upcoming BWIP EA
were determined by conducting a public hearing in
Richland, Washington on March 25, 1983. The public
hearing was announced in the Federal Register and
Washington, Oregon, and Idaho with a combined circulation of over 2.6 million. The purpose of the
paid advertisements were taken in 12 newspapers in
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• Identification of potential transportation
routes for waste shipments on the Hanford Site
• Consolidation of Performance Assessment
activities

•

Establishment of a "Modeling Task Force" composed of knowledgeable experts to reduce uncertainty in performance assessment models.

The DOE commissioned the Transportation Technology
Center operated by Sandia National Laboratories to
conduct cost and risk studies of national transportation routes to potential repository sites. This
study has been completed, and the results are documented in SAND83-0867 (Wilmot et al. 1983). This
study shows that, due to the longer distance for
waste to be transported to the Hanford Site from
the areas where the commercial waste is generated,
the Hanford Site has a higher overall risk due to
exposure of people along potential transportation
routes. This finding must, however, be placed in
the proper perspective. The incremental exposure
resulting from transport to the Hanford Site versus
one of the other potentially acceptable repository
sites is small when compared to commonplace exposure sources encountered during everyday living.
An issue resolved by the DOE was the recognition
of the Confederated Tribes of the Yakima Indian
Nation as an "Affected Indian Tribe" following an
analysis by the Department of the Interior. The
Department of the Interior finding was based on
water rights associated with past fishing practices
on the Yakima and Columbia Rivers (DOI 1983).
Designation as an Affected Indian Tribe gives the
Yakimas specific consultation and cooperation
rights under the Act. (Subsequent to the public
hearing, the Confederated Tribes of the Umatilla
Reservation requested that the Department of the
Interior determine if they were also an Affected
Indian Tribe. The Umatillas were recently designated as an Affected Indian Tribe.)
BASALT WASTE ISOLATION PROJECT
ENVIRONMENTAL ASSESSMENT STATUS
Preparation of the BWIP EA began following the
October 6, 1983 "kick-off meeting for EA preparation" held in Washington, D.C. The EA is being
prepared based on the draft final General Siting
Guidelines of October 28, 1983 and will evaluate
compliance with these guidelines based on the
available data gathered over the past several
years. When the General Siting Guidelines are
issued, any deviations from the draft guidelines
will be reevaluated and incorporated into the draft
EA. A common annotated outline was prepared,
reviewed, and approved by the various NWTS participants to allow individuals, interested organizations, and the general public to better compare
the nominated sites when the draft EAs are issued
in April 1984.
The main features of the EA outline are summarized
below:

• Chapter 4.0 - Suitability of the Site for Site
Characterization and for Development as a Repository
• Chapter 5.0 - Expected Effects of Site Characterization Activities
• Chapter 6.0 - Regional and Local Effects of
Locating a Repository at the Site
• Chapter 7.0 - Comparative Evaluation of Sites
• Appendices - (if necessary).
Chapters 1.0 and 7.0 are being prepared by Department of Energy-Headquarters and will be common to
all five environmental assessments. These will be
prepared after Chapters 2.0 through 6.0 are submitted by each of the NWTS projects. Let us now
turn our attention to a summary of the status of
each of the chapters being prepared by BWIP.
Chapter 2.0 is a historical description of the
site selection process used at the Hanford Site to
narrow the 57O-mi2 area to an area of ~10 mi 2 known
as the reference repository location. This chapter
has been completed and is currently undergoing
internal Rockwell review.
The description of the site and existing environment is contained in Chapter 3.0 of the EA. This
chapter is still undergoing preparation due to the
large amount of environmental data gathered at the
Hanford Site over the past 40 yr.
The evaluation of compliance of the reference
repository location with the siting guidelines is
contained in Chapter 4,0. The evaluation against
the qualifying conditions, favorable conditions,
potentially adverse conditions, and disqualifying
.conditions contained in the siting guidelines is
nearly completed and should be finished by the end
of December 1983.
Chapter 5.0 discusses the impacts of site characterization on the environment and public safety.
This chapter is being prepared in parallel with
Chapter 3.0 and should be completed in
January 1984.
Regional and local repository impacts for Chapter 6.0 are also nearing completion. This chapter
discusses socioeconomics, transportation, and presents a simplified preliminary performance assessment of the reference repository location.
BASALT WASTE ISOLATION PROJECT
ENVIRONMENTAL ASSESSMENT PLANS
Upon completion of the draft EA, the DOE will
review the document for consistency with the EAs
being prepared by the other NWTS projects. The
draft EA is then scheduled to be issued to the
public in April of 1984.

• Chapter 1.0 - Summary of the Decision Process
Leading to Site Nomination
• Chapter 2.0 - Decision Process by Which the
Site Proposed for Nomination was Identified

Subsequent to issuance of the BWIP draft EA, a
notice will be placed in the Federal Register to
notify the public when and where the public hearing on the EA will be held. The public will be

• Chapter 3.0 - The Site and the Repository
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able to present oral testimony at the hearing or,
if they prefer, to submit written comments that
will be incorporated as part of the hearing record.
After the conclusion of the hearing and the period
reserved for receipt of written comments, the DOE
and BWIP will analyze the hearing record and prepare responses to the public concerns raised at
the hearing.

Wilmot, E. I . , M. M. Madsen, J. W. Cashweil, and
D. S. Joy, A Preliminary Analysis of the Cost
and Risk of Transporting Nuclear Waste to
Potential Candidate Commercial Repository
Sites, SAND83-O867, Sandia National Laboratories, Albuquerque, New Mexico, 1983.

These responses will be incorporated into the final
BWIP EA and will be issued by the DOE in September
1984. This, will allow the DOE several months to
carefully analyze the EAs prepared by all of the
NWTS projects before recommending three sites for
characterization to the President of the United
States in January 1985'.
If the Secretary of the DOE recommends that site
characterization proceed at the Hanford Site, and
the President concurs, then site characterization
activities involving a large-diameter shaft are
presently planned to begin March 1985.
This concludes the prepared portion of my talk
today, and I would be happy to entertain any questions that you might have.
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SOCIOECONOMIC ASSESSMENT: ISSUES, STATUS, AND PLANS
Margaret K. Boryczka
Battelle Project Management Division
Office of Nuclear Waste Isolation
Columbus, Ohio

for each site area. They will serve as the basis
for analyzing site characterization and
repository-related impacts.

Numerous public meetings and hearings have been
held in Texas, Mississippi, Louisiana and Utah on
the issue of siting a nuclear waste repository in
salt. Citizens in these potential site areas
have raised many questions about how this
facility will affect their quality of life.
Questions about population and economic changes
have been of particular concern. In developing a
socioeconomic program, these issues and others
have been an integral part of Battelle's
socioeconomic studies. The three elements of
Battelle's socioeconomic program are discussed
below. In addition, our approach to assessing
socioeconomic impacts for the environmental
assessment (EA) required by the Nuclear Waste
Policy Act of 1982 (NWPA)l are described.
Since the EA analysis will address many of the
issues raised in the site areas, these concerns
will be elaborated on. Finally, various
techniques for managing socioeconomic impacts
will be presented.

A relatively smalT workforce {approximately 200
workers) will be required during detailed site
characterization. Estimates of inmigration, the
amount of local hiring, and changes in economic
activity related to these activities are based on
workforce size. A general discussion of where
new residents will locate is also presented.
Community service and fiscal impacts are related
to the location of new residents. In analyzing
service and fiscal affects, existing capacity in
each community is considered.
A nuclear waste repository will require
approximately 1400 workers during peak
construction and 1500 workers during operations.
However, the workforce will vary from site to
site. Repository costs and workforce size are
substantially greater than exploratory shaft
requirements. Thus, the approach to evaluating
it's socioeconomic affects will be more
detailed. A computer model has been developed to
estimate the number of people who will relocate
to an area as a result of repository construction
and operation. The inmigration model is a linear
program that calculates peak

Battelle's socioeconomic program is comprised of
three elements: 1) impact assessment, 2) impact
mitigation and community development, and 3)
impact monitoring. These elements will be
accomplished during different phases of the
nuclear waste repository siting effort. The
current focus is on assessing impacts and
defining ways of managing them.
There are many different types of socioeconomic
affects that communities can experience from a
large development project. The magnitude of
project affects depends on a variety of factors:
1) size and duration of project workforce, 2)
amount of project purchases made in local area,
3) size of population and labor force living near
site area, 4) diversity of economic base in
area. These factors will influence the number of
new residents coming into an area for repository
jobs as well as the number of local residents who
ce.n be hired at the repository. The magnitude of
potential socioeconomic impacts is currently
being evaluated for the environmental
assessments. As a first step, information on the
site area was collected. A description of the
demography, economy, community services,
government, and social structure of the site
areas will appear in Socioeconomic Data Base
Reports-. A data base report has been prepared

o

direct and indirect inmigration

o

direct and indirect school-age children

o

direct and indirect household heads

o

single worker inmigration

o

total direct and indirect inmigrating
employment

Direct inmigrants are considered to be repository
workers and their families. Indirect inmigrants
are considered to be repository/consumer-related
service workers and their families. Figure 1 is
a logic diagram of the inmigration model. It
illustrates the inputs, multipliers, and outputs
of the model. The model documentation will be
available when the draft environmental
assessments are provided to the states. Two
scenarios were used to establish a range of
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Fig. 1 Innrigration Model, Logic of Calculations

frequently in all the states were:

impacts expected at each site. For the first
case (Case A ) , policies such as local hiring/job
training programs and other measures that reduce
inmigration were assumed to exist. Case A
represents our best case scenario. For Case B,
no mitigation measures were included. These
assumptions are incorporated intj the model by
adjusting variables such as the percentage of
local hires.
Once Emigration and employment is estimated, new
project-related residents are allocated to
communities. A gravity model and community
amenity indicators are used to distribute new
residents to communities. The gravity model
allocates inmigrants in direct proportion to a
community's existing population and in inverse
proportion to it's distance from the site. 3
While most people will relocate to nearby
communities, some new residents will live in the
rural area of the counties. Thus, a percentage
of new residents are allocated to counties rather
than communities.

o

impact on economic base

o

availability of local jobs

o

increase in community service needs

o

compensation for property losses and
relocation assistance

Many other socioeconomic issues were raised
during the public hearings. These issues,
however, were raised more frequently and seemed
to be of major concern to many local residents.
The socio-concerns that were raised in the states
will be addressed in one of several ways in the
environmental assessments. Where data is
available, issues can be treated in a fairly
definitive way. For example, relocation
assistance and compensation for losses is
addressed by the Federal Relocation Assistance
Act.5 Information on local jobs and public
service needs is more variable and a range of
data is provided. Finally, in some instances
more detailed information will be gathered during
site characterization. Impacts on social
structure will be discussed in a qualitative
way. Additional research on community lifestyle
and attitudes is planned.

The increased demand for community services is
not a part of the inmigration model. However,
additional needs are evaluated by applying
national service ratios to the number of new
residents allocated to each community. This
allows us to estimate the amount of classroom
space, the number of teachers, police and
firefighters, the number and type of new housing
units and other services needed to support the
increase in population. Community service
demands are evaluated for project-related
inmigration as well as for baseline changes that
are expected for the region. Evaluating service
demands that occur as a result of baseline
population changes is necessary for providing a
complete picture of community change.

Techniques for managing socioeconomic impacts
will also be identified in the environmental
assessments. Measures such as local hiring and
job training programs are woven into the best
case inmigration scenario. These techniques will
lower the level of inmigration and increase
economic benefits such as jobs for local
residents.6 The Nuclear Waste Policy Act of
1982 outlines several important mitigation •
measures which will also be discussed. The
grants-in-lieu-of tax provisions (Sees. 116
(c)(2) and 118 (b)(3)) and the impact assistance
provisions (Sees. 116 (c)(3) and 118 (b)(4)) will
be very important to the community's ability to
manage impacts. The latter provision includes
funds for both technical and financial assistance
necessary for community development and capital
improvements.

Impacts on local revenues and expenditures are
addressed similarly. Additional sources of
revenue, particularly funds identified in NWPA,
are discussed. Affects on the local social
structure are also addressed. While these
impacts are difficult to quantify, the type of
effects are identified.
Major socioeconomic issues raised during the
April-May public hearings in Texas, Mississippi,
Louisiana and Utah have been summarized in a
report prepared by the4 Office of Nuclear Waste
Isolation (ONWI-505). While each state raised
issues that were specific to their proposed
locations, there were also many common issues.
The major socioeconomic issues in Utah and Texas
focused on a repository's effect on the region's
economy. In Utah, there is a concern over the
effect on tourism related to the national park.
In Texas, there is a concern over a repository's
effect on agriculture. Both Mississippi and
Louisiana exhibited concern over population
density near their respective salt domes. These
specific issues were raised repeatedly in the
state identified; because of their importance, a
detailed discussion of these issues will appear
in the appropriate environmental assessment.

Socioeconomic issues raised during the public
hearings have been integrated into the overall
socioeconomic program. The impact assessment
phase is our current focus. However, mitigation
measures are being developed in response to the
impacts identified. The environmental
assessments will provide a focus for concerns
raised by local residents. The major concerns
identified for each state will be treated in
these documents. While information on impacts
will appear, further data collection and analysis
will be conducted for the Environmental Impact
Statement (EIS).
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WASTE PACKAGE FOR A REPOSITORY LOCATED IN TUFF
Lynden B. Ballou
Lawrence Livermore National Laboratory
Livermore, California
INTRODUCTION
The Nevada Nuclear Waste Storage Investigations
(NNWSI) project is evaluating a potential
repository system to be located on or adjacent to
the Department of Energy Test Site in Nye County,
Nevada. The particular site which is being
investigated is a thick sequence of volcanic tuff
beds which form Yucca Mountain on the southwestern
portion of the Test Site and adjoining Federal
land. A distinguishing feature of this site is a
very deep water table which permits consideration
of a densely welded devitirified tuff horizon, the
Topopah Spring member, which is located above the
water table. Among the advantages of siting a
repository in the unsaturated zone are very
limited availability of watar due to the low
influx rate in this arid reqion; low temperatures
at which liquid water can be present; and absence
of significant hydrostatic stress on the waste
packages.

waste packages is essential. The important
environmental parameters to be evaluated include
the geochemical properties of the tuff and vadose
water, the variation in thermal and thermomechanical properties of the tuff, and the
response of the interstitial water to the thermal
energy deposited in the very-near-field by the
decay energy of the waste forms.
During the past year, we have conducted a number
of tuff-water interaction tests utilizing both
crushed and intact Topopah Spring tuff samples in
contact with water from a nearby well (J-13) which
is completed in the Topopah Spring member where it
occurs below the water table. These rock samples
have been obtained from outcrops, cores from near
surface exposures, and from deep borings at
several locations near the candidate repository
block. The test matrices have included a range of
temperatures, rock surface area to water volume
ratios, and test durations. The details of these
test results are reported elsewhere (Knauss et al
1983). In general, the tests indicate that
changes in water chemistry in the vicinity of the
waste packages will be minimal; no significant
alteration of the primary mineral phases of the
rock are to be expected; and the near-neutral pH
of the system should be maintained.

Within the NNWSI project, the Lawrence Livermore
National Laboratory (LLNL) is assigned responsibility for the development and qualification of
designs for waste packages suitable for emplacement in a high level waste repository at Yucca
Mountain. The topics which must be addressed to
establish the viability of waste package designs
can be logically structured within four broad
categories, recognizing that each interacts with
the others. These include the package environment, the materials to be utilized, the package
design, and analysis and test of its performance.
These areas provide the basis for the organization
of the LLNL waste package effort, and this discussion will address each of them. The major accomplishments during the past year and the planned
activities for the coming year will be described.

During the next year some of these tests will be
continued and extended to include metallic
components and corrosion products. Geochemical
modeling of the rock-water systems will continue
in order to provide a basis for extending these
test results to the very long times of interest in
waste package performance prediction.
A preliminary test, using an instrumented intact
core sample, has been initiated to evaluate the
dehydration and resaturation of the
very-near-field rock in response to the thermal
cycle imposed by the decay heat. Migration of the
moisture front has been monitored. The test is
being extended to include a core sample which
contains a natural fracture. The candidate
repository horizon is expected to be extensively
fractured and therefore this test is more
representative of the anticipated conditions.

PACKAGE ENVIRONMENT
A thorough understanding of the time and
temperature dependent conditions to be anticipated
in the environment immediately adjacent to the
*Work performed under the auspices of the U.S.
Department of Energy by the Lawrence Livermore
National Laboratory under contract number
W-74O5-ENG-48.
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During the next year we plan to continue this
important activity and scale the laboratory test
up to permit measurements which are less
influenced by local boundary effects.
MATERIALS DEVELOPMENT AND TESTING
The materials to be employed in high-level waste
packages are required to function in a predictable
manner for time periods much longer than are
normally expected in more conventional engineered
structures. These periods - hundreds to thousands
of years - are not amenable to real time testing
and therefore require development of short-term
test data and relationships which will permit
extrapolation to very long times. Three major
components form the waste package engineered
barrier subsystem of a repository: the waste
forms, which will be expected to provide the
primary control of radionuclide release rates in
the isolation (post-containment) phase; the
metallic containment barrier(s), which will be
relied upon to provide the "substantially
complete" (NRC 1983) containment of the waste form
during the first several hundred years; and any
other materials, such as packing materials
(backfill), emplacement hole liners, etc. which
may be required by the overall package and
repository design.

Tests on borosilicate glass waste forms were also
initiated during the past year. Materials which
approximate b'oth commercial and defense program
waste forms are being tested. The Initial
parametric tests on CHLW glass employed the PNL
76-68 glass formulation with simulated fission
products and uranium. The parameters investigated
included waste form surface area to water volume,
temperature, and the effects of tuff and stainless
steel on the system. The initial results, when
scaled to a full waste package imply an annual
release rate of less than 10" 5 {Oversby 1984).
Initial tests with DHLW glass are being conducted
by the Savannah River Laboratory using J-13 water
and tuff reaction vessels furnished by LLNL. The
tests are a modified MCC-1 type configuration.
Preliminary results from these tests also are
encouraging and imply that this waste form, if
emplaced in a tuff repository, will perform in a
manner consistent with the regulatory requirements.
It must be emphasized that all of the waste form
testing now in progress has been initiated
recently and the initial results are far from
conclusive. However, it should also be remembered
that all of these tests are being conducted under
conditions where the amount of water available for
dissolving the waste form is large compared to the
anticipated conditions in a repository located in
the unsaturated zone at Yucca Mountain.

Waste Forms
The two high level waste forms which are expected
to be disposed of in a geologic repository are unreprocessed spent fuel and reprocessing wastes
bound in a borosilicate glass matrix. Tests directed toward quantifying the release rates of both
these waste forms were initiated during the past
year, and will continue for several more years.
Fuel from commercial power reactors is
encapsulated in zirconium-alloy cladding which, if
intact, can provide a very corrosion-resistant
barrier to release of radionuclides. Projections
of the fraction of the spent fuel inventory which
will contain significant cladding defects (Woodley
1983) indicate that this potential barrier may be
very effective. Defects, such as pinholes or
slits, will occur in some fuel rods, however.
Tests to quantify the release rate of nuclides
from defected fuel have been initiated at the
Westinghouse-Hanford Co. laboratories. Artificial
defects, both laser-generated punctures and sawed
slits, have been induced in previously intact
spent fuel rod sections and release rates compared
with both intact rods and with bare unclad fuel
materials. Preliminary test results indicate that
reductions of several orders of magnitude in
release rates can.be expected from fuel with
defected cladding compared with bare fuel pellets.
These spent fuel tests, augmented by testing to
quantify cladding corrosion rates, will be
continued.
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A test configuration which more nearly
approximates the anticipated conditions is under
development at Argonne National Laboratory. This
test development was initiated earlier this year
and it is expected that the initial tests, which
will be primarily for the purpose of establishing
test techniques and reproducibility of the data,
will get underway during the coming year.
Metallic Barriers
The primary containment of the waste forms is
provided by a metallic barrier, variously referred
to as a canister, overpack, or container. This
barrier is expected to perform for a period of up
to 1000 years and provide "substantially complete"
containment of the waste form. In addition, this
container is expected to protect the repository
from contamination during the operational period,
including waste handling activities associated
with emplacement and possible retrieval for a
period of up to fifty years after emplacement.
After reviewing the preliminary package
environment information, a list of 17 candidate
metals which could potentially meet the
requirements was developed. This list was
screened with a semi-quantitative ranking scheme
to reduce the list to four metals for further
consideration ( Russell et al 1983).
These are
all iron-base to nickel-base alloys with an
austenitic structure. The reference alloy which

was selected is AISI 301L stainless steel. The
alternatives, which were selected based on
increased resistance to specific localized
corrosion mechanisms, include the molybdenum or
titanium stabilized alloys 3161, 321, and Incoloy
825.
An extensive testing program has been initiated to
evaluate the performance of these alloys in the
appropriate tuff-conditioned water and saturated
steam environments. The uniform corrosion rate
measured for 304L is less than 0.2 micrometers/
year at temperatures in the range of 50-150°C.
However, these materials are known to be
susceptible to localized and stress-assisted
attack and are therefore being evaluated in more
hostile environments and stress conditions,
including tests in the presence of an intense
ionizing radiation field.
A significant simplification of the packages for
the glass waste forms could be achieved if the
pour canisters could be used directly, i.e.,
without an overpack. Two factors, residual stress
due to differential thermal expansion and
time-temperature sensitization, are of concern in
this regard. We are investigating these with both
the testing program and supporting calculational
activities.

in each package and therefore more packages with
attendant increased costs and complexity.
In the unsaturated zone tuff environment,
preliminary assessments indicate that a packing
material should not be necessary around the
borosilicate glass waste forms. In the case of
spent fuel the need for packing material will
depend on the effectiveness of the fuel cladding
in reducing the nuclicle release rate, and the
dominant water flow mechanism in the near-field
rock mass.
We have therefore initiated a low level
investigation of the feasibility of fabricating
preformed crushed tuff materials which might be
preemplaced in disposal holes. Small samples have
been pressed using both crushed tuff alone and
with a low percentage addition of smectite clay as
a binder material. The thermal conductivity of
these samples has been measured and is about 40%
that of dehydrated host rock.
During the next year, additional samples will be
fabricated and tested for permeability at
appropriate temperatures and thermal gradients.
PACKAGE DESIGN

Electrochemical polarization tests of the
candidate materials complement the corrosion
coupon testing. This technique provides a method
for evaluating the corrosion potential of
solutions with higher ionic concentrations than
those found in J-13 water and for testing in
simulated radiol.ysis conditions by addition of
species such as hydrogen peroxide and nitrate ion
to the test solutions.
Work during the next year will continue to focus
on localized and stress-assisted corrosion
mechanisms to develop the data base from which the
final selection of materials and fabrication
processes will be specified; and on which the
models for extrapolation to long term corrosion
behavior will be based.
Packing Materials
A variety of functions have been described for
packing materials (formerly called backfill) which
might be emplaced around waste package
containers. These include reducing access of
water to the container or waste form, modification
of groundwater chemistry, limiting stress on or
cushioning the package, and retarding the movement
of nuclides released from the waste form. The
materials which are capable of performing these
functions have the common drawback that their
thermal conductivity is lower than the host rock
and therefore the temperatures of all components
which they surround are raised. This adverse
characteristic may require reduced waste loading
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As has been implied in the previous discussions, a
number of uncertainties are present with respect
to the performance of package components. These
include spent feel cladding and glass waste form
pour canisters as barriers, and packing material
effectiveness. The water influx rates, dominant
flow mechanisms, and very-near-field response of
water to the thermal cycle are not well known. In
addition, the Repository Design group at Sandia
National Laboratory is continuing to evaluate the
relative merits of long multi-package horizontal
borehole versus single package vertical
emplacement geometries.
Given these uncertainties and alternatives, we
have undertaken to develop and analyie a set of
design concepts during the past year in order to
focus the emphasis of the balance of the
development activities and provide a range of
package alternatives for use in repository
conceptual design studies (Gregg and O'Neal 1983).
The conceptual package design set includes
alternatives to accommodate either vertical or
horizontal emplacement geometry; either
non-overpacked or overpacked glass pour canisters;
and spent fuel canisters emplaced either with or
without a preformed tuff packing material. Thus a
total of eight design concepts are currently being
considered, with several dimensional variations to
accommodate differences in waste form such as CHLW
or OHLW glasses, and PWR or SWR spent fuel, either
as intact assemblies, boxed preconsolidated rods,
or rods consolidated at the repository.

Extensive thermal analyses have been performed on
all of these design options to insure that the
packages conform to peak temperature limitations
imposed by the waste forms. Structural analyses
have been done to check for adequate safety
margins on normal handling loads as well as
selected off-normal conditions such as fire and
drop loads. For the spent fuel designs,
criticality calculations have also been made for
selected credible geometries. Economic
considerations have been evaluated for the
selected design concepts.
During the next year all of the design and
analysis activities described will be documented
in a Conceptual Design Report. No major
additional package design activity is planned
until some of the uncertainties enumerated earlier
are resolved.
PERFORMANCE ANALYSIS AND TESTING
The primary objective of performance analysis is
to Tovide a quantitative prediction of long term
waste package performance. Two measures, which
follow from the containment and isolation
functions of the waste package subsystem, must be
calculated to quantify this performance. They are
tha radionuclide release initiation time and the
subsequent release rate. These calculations are
necessary to provide feedback to design
optimization studies; and define a source term for
overall repository system performance assessment.
Our approach to this analysis is to adapt a 1-D
waste package subsystem model to track the
response of individual package components to
potential degradation mechanisms as a function of
time. Simple analytic equations and an extensive,
empirical data base are used to represent several
degradation mechanisms, including: thermal,
mechanical, radiation, corrosion and release.
Inputs to the analysis require a definition of: 1)
the emplacement environment, from site
geotechnical investigations, 2) the waste package
design, from material and design selection
studies, and 3) the material interaction
properties, from the results of waste
form-metal-host rock-groundwater geochemical
modeling and experimental efforts. From this
information the subsystem model first calculates
the physical state (i.e., temperature, stress,
radiation flux and fluid flow) for each
component. The results of geochemical analyses,
modeled externally, predict the metal corrosion
and/or waste form release rates appropriate to
these conditions. The subsystem model must then
integrate the results of these physical and
geochemical processes with the waste package
geometry to calculate barrier integrity (i.e.,
containment) and radionuclide release profiles
(i.e., isolation) as a function of time.
Based on a preliminary review, it appears that
the WAPPA code (INTERA 1983) can be modified to
provide performance analyses of a waste package
emplaced in unsaturated tuff. In order to
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identify the limitations of the existing code and
to plan the necessary modifications, we have
initiated a detailed evaluation of each
degradation process model. This evaluation
consists of review of the theoretical model,
verification of the algorithm coding, and assembly
of a data base. We have completed a review of
the theoretical basis for each process model and
have begun the verification and data assembly
stsps. During this coming year we plan to
complete these steps for the thermal and
mechanical models and assemble initial data bases
for metal corrosion and waste form release rates.
Modification efforts will be directed toward the
development of a system level model for transport
in the unsaturated zone.
The second component of the performance analysis
and testing activity is directed toward planning a
major test of a set of prototype waste packages in
the candidate repository horizon as a part of the
exploratory shaft in-situ testing. This test will
be configured to provide site-specific data on the
dehydration-resaturation phenomena for use in
analyses of package performance. In addition,
extensive instrumentation will be deployed to
monitor,the other important package environment
parameters to compare with laboratory-scale
measurements made previously on core samples.
During the past year the major effort in this area
has been development of a conceptual test plan and
participation in a project-wide working group to
draft a comprehensive plan for exploratory shaft
testing.
In the next year details of the test will continue
to be developed so that final test geometries can
be selected and instrumentation procurement can be
initiated in 1985.
SUMMARY
The development of waste packages for emplacement
in a tuff repository has been proceeding during
the past year on a broad front. Experimental work
has been focused on determination of important
package environment parameters and testing the
response of waste forms and package materials to
the anticipated environment. Conceptual designs
have been selected with alternatives to
accommodate present uncertainties in the
environment and material performance.
Computational capabilities are being adapted to
provide analyses of anticipated package
performance and plans are being developed for
in-situ testing. The waste package activities
have been integrated into the overall NNWSI
project to assure timely completion consistent
with the statutory and regulatory requirements
leading to repository site selection around the
end of the decade.
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PERFORMANCE TESTING OF WASTE FORMS IN A TUFF ENVIRONMENT
Virginia M. Oversby
Lawrence Livermore National Laboratory
Livermore, CA 94550
INTRODUCTION
The Nevada Nuclear Waste Storage Investigations
Project (NNWSI) is studying the tuffaceous rock
units located at Yucca Mountain on the western
boundary of the Nevada Test Site, The objective
of these studies is to allow an evaluation to be
made of the suitability of the Yucca Mountain tuff
units as a potential location for a high level
radioactive waste repository. As part of the
NNSWI Project, Lawrence Livermore National
Lahoratory is responsible for the design of the
waste package and for determining the expected
performance of the waste-package in the repository
environment.
The reference horizon for a potential repository
at Yucca Mountain is the densely welded,
devitrified portion of the Topopah Spring Member
of the Paintbrush Tuff (Vieth 1982; Dudley and
Erdal 1982). The water table at Yucca Mountain is
more than 500 m deep beneath the central portion
of the mountain; as a result, the Topopah Spring
Member lies entirely within the unsaturated zone
(Dudley and Erdal 1982). The mineralogy of the
reference horizon is an assemblage of very fine
grained alkali feldspar, quartz and Cristobalite,
with minor amounts of smectite clay. Glass and
zeolites are generally absent within the densely
welded, devitrified portion of the Topopah Spring
(Bish et al. 1981; Caporuscio et al. 1982). The
matrix porosity of the welded tuff is
approximately 13 percent, and the rock has a
fracture density of 0.8 to 3.9 fractures per meter
(Dudley and Erdal 198?).
In order to determine the expected performance of
waste package components in the post emplacement
repository environment we must first, develop an
understanding of what that environment will be.
Geologic, hvdrologic and geochemical
investigations under way at Yucca Mountain will
provide the baseline information for determining
the present conditions at the repository horizon.
Construction of a repository and emplacement of
waste packages would change those conditions.

The major changes which will affect waste form
performance in the repository are caused by the
thermal and radiation fields resulting from the
waste form itself. The thermal output from the
waste form will heat the repository rock and
vadose water. The water will equilibrate with the
rock at temperatures higher than the present
ambient temperature and will change in chemical
composition. During the initial heating phase,
the repository rock will dry out when the rock
temperature exceeds the boiling point of water.
Because the Topopah Spring Member is in the
unsaturated zone and is a rather porous, fractured
rock, pressures of water which are greater than
local atmospheric pressure should not come in
contact with the waste packages. Thus, liquid
water is not expected to be able to contact the
waste packages when temperatures are above 95°C,
the boiling point of water at the repository
horizon.
As the thermal power of the waste form decays, the
repository rock will cool and eventually the rock
will re-establish a partially saturated
condition. When the temperature falls below
95°C, water will be able to exist in the liquid
state in the vicinity of the waste packages. That
uater will have traveled through rock which is at
temperatures of up to 95°C and will have altered
in chemical composition as a result.
This paper will describe experimental work
conducted to establish the chemical composition of
water which will have reacted with Topopah Spring
Member tuff prior to contact with waste packages.
The experimental program to determine the behavior
of spent fuel and borosilicate glass in the
presence of this water will then be described.
Preliminary results of experiments using spent
fuel segments with defects in the Zircaloy
cladding will be presented. Some results from
parametric testing of a borosilicate glass with
tuff and 304L stainless steel will also be
discussed.
HYDROTHERMAL EXPERIMENTS

*Work performed under the auspices of the U.S.
Department of Energy by the Lawrence Livermore
National Laboratory under contract number
W-74O5-ENG-48.

There are presently no samples of water available
from the unsaturated Topopah Spring Member
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horizon. To obtain water samples which are as
close as possible to what we expect to be present
at the repository level we have chosen to use the
well J-13 water. This well is located several
miles to the southeast of Yucca Mountain. At this
location the Topopah Spring Member is at a lower
elevation and lies in the saturated zone. The
main producing horizon for 0-13 water is the
Topopah Spring Member; therefore, J-13 water
should represent the ambient temperature water
chemistry for water equilibrated with the Topopah
Spring Member tuff.
The rock samples which we have used in most of our
experiments were collected from an outcrop of
Topopah Spring Member on the southern part of Fran
Ridge, a ridge which lies between Yucca Mountain
and J-13 well. These samples contain some very
soluble salt deposits in their pores. This
soluble material is present due to the arid
surface conditions and is removed before
hydrothermal testing (Knauss et al. 1983). Some
experiments have also used drill core samples of
Topopah Spring Member tuff to evaluate lateral
variations in chemistry which might occur. A
description of the experimental procedures is
given by Oversby and Knauss (1983) and Knauss et
al. (1983).
Rates of equilibration between silicate minerals
and waters of near neutral pH are very slow at low
temperatures. In order to obtain kinetic data for
geochemical modeling we have conducted experiments
at 90°C, which is close to the maximum liquid
water temperature expected in the repository
horizon, and at 150°C, which far exceeds the
temperature at which liquid water should be
present. Data will be presented below for both
temperatures; however, it should be remembered
that the 90°C data is the more representative of
expected conditions.

larger than a few ppm. The amount of the anion
release is independent of temperature and is
roughly proportional to rock weight at constant
water volume. This sugqests the complete solution
of a trace soluble component which was not removed
during the pretreatment step (Oversby 1981a).
The primary reasons for using crushed tuff in the
hydrothermal reactions are to increase the surface
area of rock particles and allow more contact
between the rock and water, and to allow
experiments to be conducted in small vessels and
thus increase the number of experiments which can
be run. These experiments will provide
information on the reaction path and the kinetics
of rock-water reactions.
Figure 1 shows some of the experimental data for
Ca and Al at 90°C and 150°C. Calcium in
solution decreases with reaction time. The
decrease is greater at the higher reaction
temperature, as would be expected from the
retrograde solubility of calcite.

The

precipitation reaction is slow, especially at
90°C. Magnesium, which is 1.8 ppm in J-13
water, precipitates faster than Ca, and is
enriched in the centers of calcite crystals which
are found on the surface of reacted core'wafers.
Aluminum concentrations at 150°C rise on
reaction with the tuff and then slowly decrease.
This appears to be supersaturation due to colloid
formation, followed by slow coagulation. The
degree of supersattiration at 90°C is much less
than at 150°C, suggesting that the importance of
colloids is less at the lower temperature.

3.2g, 48 ml, 90°C

Three types of hydrothermal experiments were done
using Topopah Spring tuff: (1) crushed tuff
reacted with 0-13 water in teflon reaction
vessels, (2) tuff core wafers reacted with 0-13
water in teflon reaction vessels, and (3) crushed
tuff reacted with J-13 water in Dickson-type gold
cell rocking autoclaves. We have found that all
three types of experiments were necessary to gain
a full understanding of the rock-water system.
The discussion which follows will highlight some
of the principle findings from the experiments and
show how the experiments contribute to developing
an understanding of the post emplacement
environment of the repository.
Experiments using crushed Topopah Spring tuff and
0-13 water are conducted using a test matrix which
varies reaction time and rock to water ratio at
each temperature. Details of the test matrix are
given in Knauss et al. (1983). All samples were
pretreated to remove the readily soluble salt
material. Reaction of the pretreated crushed tuff
with J-13 water at 90°C and 150°C does not release
F~, CL-, MO3, or S0| to the solution in amounts

271

0.8g, 12 ml, 150°C"

O.49,12 ml. 150°C
O.4g, 12 ml, 15O*C
Q.8j, 12 ml, 1S0°C _

f
10

20

3.2g, 48 ml,
90° C

2=2.
70

30
40
50
60
Run duration, days

Fig. 1 Calcium and aluminum concentrations versus
reaction time for pretreated Topopah Spring tuff
with J-13 water. Curves are labeled with rock
weight, J-13 volume and reaction temperature.

Silicon in solution increases slowly due to
dissolution of quartz and Cristobalite. Data are
shown in Fiq. 2 for a single rock/water ratio vs.
reaction time. The solubility of silica is much
higher at 15Q°C than at 90°C, and appears to
he controlled by Cristobalite rather than quartz.
The pH of the solutions, 8.5 at 90°C and 9.0 at
150°C, is somewhat higher than that predicted
based on geochemical modeling calculations for the
observed silica levels. This is especially true
for samples of J-13 water heated without rock
(J-13 blanks) which have only 20 to 25 ppm Si
after heating.
The high pH is attributed to loss of CO? to the
teflon. J-13 carbonate alkalinity is 2.16 meq/1,
which corresponds to 132 ppm when calculated as
HCOj. Reaction at 90°C reduced alkalinity
to approximately 1.8 meq/1 (110 ppm) and reaction
at 150°C reduced alkalinity to approximately 1.5
meq/1 (92 ppm). Samples of J-13 water heated
without rock showed somewhat greater reduction in
alkalinity. Most of the reduction in alkalinity
can be correlated with the decrease in Mg and Ca;
however, especially in the case of the J-13
blands, there must also be some loss of CO? to
the teflon. This is confirmed by the results of
the gold bag autoclave experiments (discussed
below) which give final pH of approximately 7.0.

variability in the mineralogy of the repository
horizon, we have used Topopah Sprinq tuff samples
selected from the appropriate depth interval from
three vertical drill holes (Gl, GU3 and G4) and
one horizontal air drilled hole (HI) at Fran
Ridge. These samples were subjected to the
pretreatment procedures and were found to contain
no readily soluble components. This finding is
particularly significant in the case of the Fran
Ridge samples, since the air drilled hole is closa
to the surface outcrop from which our other Fran
Ridge samples were collected. As a result of this
data, we do not expect that we will encounter
large amounts of soluble anion material at the
repository horizon. Solution concentrations for
pretreated samples which were reacted with J-13
water for 64 days at 150°C are given in Fig. 3.
The sample number gives the distance in feet from
the surface at which the sample existed in situ.
Solution data for these samples is very similar
except for GU3-1072 ft. which shows clear evidence
for precipitation of a silicate phase (Na is also
low for this sample) and for two samples which are
somewhat, low in Si. The main difference between
these samples and those discussed previously is in
the K concentrations. Other data for shorter
reaction times is similar to that for the Fran
Ridge outcrop material which indicates that these
samples have precipitated K from solution during
the longer reaction time.
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Fig. 2 Silicon concentration in solution for
reaction of pretreated Topopah Spring tuff with
J-13 water.
Sodium concentrations in solution after reaction
are essentially the same as the J-13 starting
values at both temperatures. Potassium shows ar.
increase from 5.3 ppm to values between 7 and 10
ppm; the values increase as the ratio of rock to
water is increased and correlate with the slight
increase in anion concentration (Oversby 1984).
This suggests that the K increase is due to the
incomplete removal of the original soluble
components during pretreatment of the crushed rock.
In order to estimate the degree of variability in
water chemistry which might result due to lateral
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Fig. 3 Solution concentrations for drill core
samples of Topopah Spring tuff reacted with J-13
water for 64 days at 150°C.
Hydrothennal experiments with crushed rock have
several limitations. First, it is not possible to
study the chemistry of the solid phases after;,
reaction using conventional techniques which
require a polished surface for accurate analysis.
Second, it is difficult or impossible to identify
secondary phases or precipitates formed during the
reaction. Third, there is uncertainty whether
water in contact with intact rock wiAl show
similar reaction kinetics to those determined'for ;

crushed rock. This is because of surface
alteration introduced during the crushing
procedures and because water access to the rock
may be slowed due to the lower permeability of the
intact rock relative to uncompacted crushed rock.

effect of loss of CO2 to the teflon containers?,
and (2) is there any change in solution chemistry
when the solutions in the teflon capsules are
cooled after completion of the reaction period?
In order to resolve these issues, we have
conducted some experiments in Dickson-type gold
cell rocking autoclaves. These autoclaves provide
a chemically inert and gas tight reaction vessel
which ensures that CO2 will not be lost from the
solutions to the reaction vessel. They also allow
samples to be taken at the reaction temperature,
and thus avoid the potential for solution
chemistry changes due to quenching effects.
Pretreated crushed Topopah Spring tuff and J-13
water were reacted at 150°C in duplicate
autoclave experiments for 32 days. The details of
the experiments are described by Knauss and Peifer
(1984). Agreement between data for Ca, Si and Al
for teflon vessel experiments and the gold cell
experiments was excellent and indicates that
quenching is not a problem in the teflon vessel
experiments. The major difference between the two
types of experiments was in the pH of the
solutions. The pH in autoclave runs drops
initially to slightly less than 7 and then rises
slowly to values which are slightly greater than
7. The initial drop in pH is due to carbonate
precipitation. Alkalinity in the gold cells
remains essentially constant during the reaction
time, while alkalinity in the teflon containers
decreases. This suggests that the difference in
pH is due to loss of CO2 to the teflon
containers.

In order to address these limitations, we have
conducted experiments using polished core wafers
of Topopah Spring tuff. Details of the
experiments are given in Knauss and Beiriger
(1984). Two types of experiments were done;
first, core wafers were submerged in J-13 water
and reacted at 150°C in teflon containers.
Results of these experiments can be directly
compared to those using crushed tuff. The second
type of experiments subjected core wafers to water
saturated air. The water saturation of the air
was obtained by using an amount of J-13 water in
the reaction vessel which was sufficient to
saturate the air at the reaction temperature plus
<j slight excess to allow refluxing. On cooling of
the reacted material, the water was recovered as
liquid. Both types of tests were run at 150°C
for periods of up to 4 months. The core wafer
samples were not pretreated to remove soluble
material; however, large amounts of water were
used in the preparation of the wafers which
effectively removes most of the readily soluble
material.
Results of the submerged core wafer tests (Knauss
et al. 1983) were in excellent agreement with the
data obtained using crushed rock samples for all
elements except Al and Si. The crushed samples
gave higher Al concentrations; these samples were
rolled during-the reaction period and the
resulting agitation may have stabilized colloidal
material in suspension. The Si concentrations are
higher in the core wafer experiments. This is
mainly due to the longer reaction time; there may
also be a small amount of "glassy" material formed
during the polishing of the core wafers prior to
reaction (Oversby and Knauss 1983). Data for
samples run in water saturated air showed similar
results, but all reaction rates appear to be
slower.

The results from the three types of rock-water
interaction tests can be summarized to show that
there will be very little change in water
chemistry due to interaction of vadose water with
the rock on the path through the repository before
contact with the waste packages. We see no
significant increase in anion concentration in the
water due to interaction with the rock and there
is no evidence to suggest that the readily soluble
component found on surface outcrop samples will be
present at depth. This is an important finding
because some anions such as fluoride and chloride
can cause or enhance localized corrosion of
canister materials. Other anions might act as
complexing agents and enhance the mobility of
radionuclides. The absence of a source of anions
is, therefore, of assistance to the performance of
the waste package. The pH of the solutions when
runs are conducted in vessels that do not consume
CO2 remains nearly neutral. This will enhance
the durability of borosilicate glass which shows
higher dissolution rates at pH less than 5 or
greater than 9 (Plodinec et al. 1982). The
increase in silica concentration of the water as a
result of reaction with the rock will also assist
the durability of borosilicate glass since the
dissolution rates of such glasses decreases as the
silica content of the solution increases (McVay
1982). The lack of detectable alteration of the
primary mineral phases in the rock suggests that
the long term behavior of the rock should be
similar to the behavior observed in relatively
short term experiments. The only secondary
mineral produced in the reactions in significant
amounts was (Ca,Mg)CO3. Production of this

Scanning electron microscope and electron
microprobe analyses of reacted core wafers showed
no changes in the chemistry of major phenocrysts
(plagioclase,. sanidine and biotite) or the matrix
assemblage due to hydrothermal reaction. However,
abundant discrete calcite crystals were formed on
all submerged samples. The calcite crystals were
found to have Mg enriched cores. The identified
precipitated phase and the lack of reaction shown
by the primary phases correlate well with the
solution chemistry found after reaction.
Essentially all that happens during the
hydrothermal reaction period is the precipitation
of magnesian calcite and the dissolution of some
cristobalite.
The combination of the crushed tuff experiments
with the core wafer testing still leaves two
issues unresolved. They are: (1) what is the
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phase should not have any adverse effect on the
performance of the waste form or the container.
The uniformity of chemical data from reaction of
samples of Topopah Spring tuff taken from widely
separated localities is encouraging. This
suggests that the total water chemistry for the
post emplacement condition of the repository
should be fairly easy to model using the results
of laboratory experiments and geochemical modeling
codes.
WASTE FORM STUDIES
In order to ensure containment of the
radioactivity for the first 300 to 1000 years
after disposal of the waste in the repository, the
waste form will be protected by a 304L stainless
steel container. Estimates of corrosion rates for
304L in the Yucca Mountain environment give a
conservative upper limit of 0.1 cm per 1000 years
for metal loss by uniform corrosion (McCright et
al. 1983). Thus, for the first 10,000 years the
environment of the waste form will contain 3O4L
stainless steel. The most likely mechanism to
cause breach of the container in the tuff
environment is some form of stress corrosion
(McCright et al. 1983). This assessment, combined
with the low uniform corrosion rate, suggests that
the waste form will be held in the 304L container
for 10,000 years but the container will eventually
develop some cracks which allow water to gain
access to the waste form.
Precise determination of the release rate of
radionuclides from the container after breach
occurs will require the following information:
(1) Amount of water which will contact the
container;
(2) How much of that water will gain access
to the waste form;
(3) How much waste form material will
dissolve in the water which contacts the
waste form;
(4) How much of the water containing
radionuclides will escape from the
container.
This information requires a thorough understanding
of the hydrology at the repository and the
corrosion behavior of the container in addition to
the need for data on the dissolution rate of the
waste form in aqueous solutions of the appropriate
chemical composition.
It will be many years before we have sufficient
data to give a good picture of the actual rate of
release of radionuclides from a waste form held in
a breached 304L container. However, we can make
some simplifying assumptions which will allow us
to determine the upper bound on the rate of
release. The first assumption concerns the amount
of water which is available to contact the waste
form. In the unsaturated zone, the rate of flow
of water is limited by the downward infiltration
rate of water. Sass and Lachenbruch (1982)
estimated that the average infiltration rate is 8
m/yr through the unsaturated zone at NTS. Using
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that infiltration rate, we can.calculate the
amount of water which will flow through the
repository each year. The result is 8 liters of
water per square meter of surface area per year.
For a vertical emplacement hole with a 100 cm
diameter the volume of water would be 6.3 1/yr if
only the downward flux is considered and no
concentrating mechanism is invoked.
To obtain a reasonable upper bound on the water
availability we have calculated the amount of
water encountering areas of rock which were
disturbed by repository construction. We have
then assumed that any water which encounters a
disturbed area is evenly distributed among the
waste packages. For the purposes of this
calculation, we have assumed that 15% of the total
repository area is disturbed and that the package
density is 120 per acre for OHLW and 23 per acre
for CHLW. The results of the calculation give 40
1/yr per DHLW package and 208 1/yr per CHLW
package as a reasonable upper limit for water
availability. For spent fuel packages the result
is approximately 300 1/yr per reference 3.3 kW
package, which corresponds to approximately 250 ml
per fuel pin. Waste form testing will be
conducted to cover the range of water availability
estimates.
The second assumption which can be made concerns •
how much of the total water which contacts a
breached container will also contact the waste
form. For most of the period from 1000 to 10,000
years after disposal only a small fraction of the
water which contacts a container will actually
enter the container through a breach. The
majority of the water should encounter intact
steel and not contact the waste form. Thus, it
will be a conservative upper limit, if we assume
that all water which contacts the waste packages
also is able to interact with the waste form and
escape from the container. In order to include
this assumption in our testing program, we will
include 304L stainless steel as a component of the
waste form tests but will not allow the steel to
significantly impede contact of the water with the
waste form.
NNWSI waste form testing for reprocessed waste is
conducted using PNL 76-68 borosilicate glass
formulation as the reference CHLW form. Three
versions of this glass are being used:
(1) Simulated fission products + uranium;
(2) Simulated fission products + all
actinides + Tc;
(3) "Aged" glass - formulated to represent
glass 300 years after disposal.
The reference waste form for DHLW is based on the
Savannah River Laboratory borosilicate glass using
165 frit. Two versions of this glass are tested:
(1) Simulated fission products + uranium;
(2) Fully loaded glass using actual SRP waste.
Detailed descriptions of these waste forms are
given by Overshy (1984b).
Three types of testing will be done to determine

the behavior of these reprocessed waste forms
under expected repository conditions. First,
parametric testing will be used to determine
release rate from the waste form as a function of
system components and variables. The parameters
which will be investigated include waste form
composition, waste form surface area to water
volume ratio (SA/V), temperature, presence and
nature of corrosion products, water chemistry, and
radiation. To date, the effects of SA/V,
temperature and metal components have been
investigated using U-doped simulated 76-68 glass
(McVay and Robinson 1983).
Figure 4 shows results for boron release from PNL
76-68 glass at 90°C with a glass surface area to
solution volume ratio of 0.1 crtr'. This SA/V is
far lower than that expected for repository
conditions; it was chosen to allow comparison of
the parametric results to existing MCC-1 distilled
water leaching data for 76-68 glass. Boron
represents 2.7 percent of the glass, and since it
has a high solubility in aqueous solutions, should
be a good measure of glass matrix dissolution
rate. The largest release of boron occurs for
glass reacted with 0-13 water without rock
present. When a rock "monolith" (Tpt M) is added
to the system, release of boron is less. This is
because the rock now contributes Si to the
solutions which reduces the dissolution rate of
the glass. Addition of 304L stainless steel to
the system lowers the release rate of boron even
further. This is in contrast to the behavior of
glass in the presence of carbon steel where
leaching of glass is increased due to metal
corrosion products reacting with Si and lowering
solution Si concentrations (M.cVay 1982).

The curve labeled 76-68 + 0-13 + Tpt P represents
data for the glass in the presence of crushed
tuff. The crushed tuff increased solution Si more
rapidly than the tuff monolith, and consequently
less glass was able to dissolve. Since water
which contacts the waste form in the repository
environment will have Si concentrations which were
increased due to passage through heated rock, this
curve is probably more representative of the
release rate of boron (and glass dissolution rate)
to be expected in the repository environment than
the Tpt M curve.
Figure 5 shows data for boron release from 76-68
glass reacted with J-13 water at 90°C in the
presence of crushed tuff, and in one case with
crushed tuff + 304L stainless steel. The surface
area of the glass was increased by crushing the
glass to produce (SA/V) = 1 C I T H . Boron
concentrations in solution are similar to those in
Fig. 4 for glass + crushed tuff, indicating that
no further dissolution of glass occurred at the
higher SA/V. Also, crushing of the glass does not
appear to increase the dissolution rate. If the
dissolution rate inferred from this data and the
Tpt P curve in Fig. 4 is adjusted for B
.contributed by J-13 and then scaled to a full size
waste package by allowing for the differences in
glass surface to glass volume ratio, the
calculated annual release rate from the full size
waste form is less than 1 part in 100,000 per
year. Increasing the amount of roc;* present in
the system from 0.11 g to 1 g produced only a small
change in dissolution rate of the glass. The
presence of 304L stainless steel in the system did
not increase the dissolution rate of the glass,
and may actually have caused a slight decrease in
the glass dissolution rate.
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Fig 5. Boron concentration in solution for the
reaction of PNL 76-68 glass with J-13 water +
components listed by data symbols at 90°C as a
function of reaction time. Tpt is crushed Topopah
Spring Member tuff; 304L is 304L stainless steel.

Fig. 4 Boron concentrations as a function of
reaction time for parametric testing of PNL 76-68
glass in J-13 water. Curve labeled + Tpt M is
data for glass + J-13 + tuff monolith; + Tpt M +
304L is data for glass + J-13 + tuff monolith +
304L stainless steel; + Tpt P is data for glass +
0-13 + crushed tuff. Reaction temperature =
90°C. Glass SA/ solution V = 0.1 cm" 1 .

The second type of reprocessed waste form testing
will address the events and processes which are
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anticipated to occur in the repository horizon.
The transport of water in the unsaturated Topopah
Spring Member tuff will involve a combination of
porous media and fracture flow. In either case,
the likely mechanism for delivery of liquid water
to the waste form surface will be by dripping from
the borehole surface. Some water may also
condense onto the waste form from the vapor
phase. To aid in gaining an understanding of the
release rates and mechanisms under unsaturated
flow conditions, we have developed a test method
to simulate the expected conditions.
The unsaturated test method will use a reaction
vessel fabricated from 304L stainless steel. The
waste form will be cylindrical with perforated end
caps of stainless steel to simulate a corroded
canister. The waste form will be suspended over a
tuff cup which will collect any fluid which drips
off the waste form. Water which has been
preconditioned by reaction with tuff will be
dripped onto the top of the waste form assembly.
For DHLW samples with a surface area of 15 cm2,
the drip rate appropriate to 40 1 per DWPF
canister per year is approximately one drop (0.1
ml) per 3 days. The test will be run at 90°C
for periods of time up to 1 year.
The mechanisms of waste form alteration under the
conditions of the unsaturatcd test include
dissolution of glass in liquid water as well as
alteration of the glass by vapor and liquid films
on the glass surface. To monitor the extent of
reaction of the glass several types of post-test
measurements will be done. These measurements
will include solution analyses of any liquids
present, rinsing of the tuff to collect any
readily soluble material adhering to the rock
surface, rinsing of the steel container, analysis
of surface alteration products on the waste form,
and depth profiling through the tuff cup to
determine the extent of penetration of
radionuclides.

should also provide an upper limit on release
rates of radionuclides from the glass under all
reasonably possible conditions.
Saturated testing will use the estimates of
maximum water availability given above scaled to
the specimen size used in the tests. Scaling will
presume that both the test specimens and the full
size waste forms are uncracked monoliths. (This
is true for the test specimens; the full size
canisters will have additional surface area due to
cracking. The effect of this additional surface
area will be assessed using the results of the
parametric tests described above.) For testing
purposes we will assume that the full annual
allowance of water is in contact with the waste
form for a full year. Since supersaturation
effects are not expected to occur for matrix
elements of the glass, this assumption will
provide an upper limit to the waste form
dissolution rate. The issue of whether
supersaturation can occur will be addressed as
part of the parametric testing program.
Saturated tests will be conducted in tuff reaction
vessels. The tuff will be pre-saturated with J-13
water, placed in an inert container, and J-13
water will be added to both the outer container
and inside the tuff vessel. Glass samples, or
glass + 304L stainless steel, will be suspended in
the liquid phase. The tuff vessel will be covered
with a loose fitting lid of tuff and the outer
inert container will be closed. Testing will be
conducted at 90°C for periods of time up to one
year.
Testing of DHLW forms under saturated conditions
is currently in progress using both simulated and
full./ active waste forms. Testing of actinide
doped PNL 76-68 glass will begin in the near
future. Post-test analyses will include samples
of solutions taken from inside and outside the
saturated tuff vessel. This will allow an
assessment of the extent of migration of
radionuclides through the tuff. The waste form
will he examined for surface alteration and
development of chemical composition gradients.
The effects of canister corrosion products will be
assessed by running tests both with and without
canister materials. Radiolysis effects will be
estimated through comparison of results from
simulated and fully active glasses. Radionuclide
migration will be estimated by examination of tuff
reaction vessels after completion of the tests.

The unsaturated test method will be refined after
preliminary trials now in progress are completed.
The test will then be employed using samples of
uranium doped simulated DHLW glass and CHLW
glass. The results of these tests should provide
a reliable estimate for radionuclide release from
the waste form under anticipated repository
conditions.
The third type of reprocessed waste form testing
involves tests under conditions where the glass is
submerged in water. This type of testing is
appropriate to conditions of full saturation such
as exist below the water table. In the
unsaturated zone standing water may accumulate if
pores and fissures become plugged and allow water
to accumulate. Evidence collected to date
suggests that development of perched water in the
Topopah Spring Member is unlikely (Morrow et al.
1983). Thus, saturated testing of waste forms
provides data on release rates under conditions of
unanticipated processes and events. These tests
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The NNMSI testing program for spent fuel has been
designed to evaluate the performance of Zircaloy
clad UO2 in the Topopah Spring tuff environment.
The Zircaloy cladding on spent fuel provides a
containment barrier against release of
radionuclides for as long as the cladding remains
intact. The population of fuel which will be
delivered to the repository should contain less
than 0.1% of fuel pins which have breached
cladding (Woodley 1983). Breach typically occurs
as a pin-hole defect or a stress corrosion crack.

the hole defect and the control specimen. This
corresponds in the case of bare fuel to an amount
of U equivalent to or greater than that in
solution being plated out onto each rod. Clearly
the solution became supersatured early in the test
(Fig. 6) and then precipitated U to reach solution
concentrations controlled by solubility. The
amount of plate-out in the case of the slit defect
is approximately 1/10 of the solution total U per
rod. For the hole defect, the plate but is also
about 1/10 of the solution total U but is an order
of magnitude lower in absolute abundance than the
slit, defect case. Data for other radionuclides
are available and will be presented in a more
detailed technical publication.

Our spent fuel testing program will evaluate the
release rate of radionuclides from fuel pins which
contain defects in the Zircaloy cladding relative
to the release rate from bare UO2 fuel pellets.
The experimental work is being conducted by the
Westinghouse Hanford Company.
Initial testing of spent fuel is being conducted
in deionized water at ambient hot cell
temperatures (approximately 25°C). Test
specimens are 5 inch long segments of PWR fuel
with burnup of approximately 26,000 MwD/MTHM. The
specimens are fitted with water tight end caps.
The test matrix includes three control specimens
of undefected fuel plus cladding, one control
specimen consisting of the fuel removed from the
cladding, a pin segment into which a 200 micron
diameter hole was burned with a laser, a pin
segment containing two laser punctures, and a pin
segment into which a slit 150 microns wide by 2.5
cm long was machined.
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Pin segments fitted with end caps are placed in a
vertical orientation in a fused quartz reaction
vessel. The upper end cap is vented to allow
easier access of water through defects in the
cladding. Fused quartz rods are placed in the
container; they are used to monitor plate-out of
radionuclides during the test. Water is •added to
the quartz vessel up to the level of the top end
cap. The solution volume is approximately 200
ml. A loose fitting quartz lid is placed over the
quartz vessel. The bare fuel control sample uses
the fuel placed on the bottom of the quartz vessel
with an amount of water equal to that used in the
other tests. The cladding material from which the
fuel was removed is placed in the quartz vessel
with the bare fuel.
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Solution samples are removed for radi.ochemical
analysis after 1, 5, 15, and 30 days and every 30
days thereafter until termination of the test.
After sampling, deionized water is added to
replace the volume of solution removed. Fused
quartz rods are pulled periodically and any plated
out material stripped from them using aci^- Upon
completion of the tests the quartz vesis! will be
analysed for plated out radioactivity.
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60

Fig. 6 Uranium concentration in solution for
spent fuel segments submerged in 200 ml of
deionized water. The undefected sample is a
control specimen of Zircaloy clad fuel. The hole
sample contains two laser puncture defects.

Figure 6 shows data for uranium in solution as a
function of reaction time. The line labeled
"hole" is for the two puncture specimen. For
reference, the solution concentration equivalent
to one part in 10^ of the fuel inside the pin
segment is shown. Solution concentrations appear
to have reached steady state in all cases, with
the laser puncture specimen showing concentrations
which are only slightly higher than the intact
control specimen.

The deionized water experiment will be continued
for long enough to confirm that steady state
conditions have been achieved. At the conclusion
of the test the specimens will be examined to
determine the extent of alteration of the induced
defects in the cladding and the fuel inside the
defected cladding.
A new series of cladding defect tests will be
conducted this year using 0-13 well water. A
parallel series of tests will analyse the effect
of adding Topopah Spring tuff to the system.
Testing at elevated temperatures will also be done.

Data for uranium plated out onto quartz rods is
given in Figure 7. After 30 days the quantity of
uranium on a single rod has essentially stabilized
at 60 to 80 ug for the bare fuel, 0.5 ug for
the slit defect, and less than 0.1 ug for both
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In order to show that cladding will provide a
barrier to radionuclide release from spent fuel it
is also necessary to Investigate the corrosion
rates and mechanisms of Zircaloy in the repository
environment. An experimental program will begin
this year to investigate the following topics: (1)
what, is the rate of production of defects in
cladding during the containment period; (2) what
alteration occurs to existing and newly produced
defects during the containment period; (3) what is
the production rate of defects after water gains
access to the cladding; (4) what is the alteration
which occurs to defects in an aqueous corrosion
environment?

(4) Calculation of release rate by assuming
that rods with no defects produce no
release and using the experimental
results to provide release rates for
other cases;
(5) Adjust the defect population as a
function of time to allow for production
of new defects and enlargement of
existing defects;
(6) Recalculate release rate for new
conditions.
Preliminary results indicate that release rates
calculated on this basis will be lower than 1 part
in 10^ per year of the 1000 year inventory in
the fuel. Should results from the Zircaloy
corrosion testing show that the increase in defect
numbers or size is too great to limit release
rates to acceptable levels, a tailored packing
material may be used to further reduce release
rates.
CONCLUSIONS
Experiments conducted using Topopah Spring tuff
and J-13 well water have been conducted to provide
an estimate of the post-emplacement environment
for waste packages in a repository at Yucca
Mountain. The results show that emplacement of
waste packages should cause only small changes in
the water chemistry and rock mineralogy. The
changes in environment should not have any
detrimental effects on the performance of metal
barriers or waste forms.
The NNWSI waste form testing program has provided
preliminary results related to the release rate of
radionuclides from the waste package. Those
results indicate that release rates from both
spent fuel and borosilicate glass should be below
1 part in 10$ per year. Future testing will be
directed toward making release rate testing more
closely relevant to site specific conditions.

Fig. 7 Total uranium deposited on one quartz rod
which had remained in the test solutions for the
total time shown on the horizontal axis. See Fig.
6 for solution concentrations.
The data obtained from the corrosion experiments
will be combined with that from the relative
release rate testing to determine the time
dependent release rate of radionuclides from the
spent fuel population. This will be accomplished
by:
(1) Estimation of the population of fuel pins
which will be delivered to the repository
with defects in the cladding;
(2) Estimation of how many new defects will
be formed during-repository handling
operations and by Zircaloy failure during
the containment period;
(3) Determination of the expected change in
defect character during the containment
period;
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WASTE PACKAGE FOR A
REPOSITORY LOCATED IN SALT
S. J. Basham, Jr.
Battelle Project Management Division
Office of Nuclear Waste Isolation
Columbus, Ohio
INTRODUCTION

APPROACH
The approach being taken in development of waste
packages for salt repositories involved:

A number of promising systems for disposal of
nuclear waste have been studied. In the United
States of America, the selected approach is deep
geologic repositories. These repositories incorporate packages for the high-level waste forms,
which are either spent fuel or borosilicate glass
incorporating waste. The waste incorporated in
borosilicate glass is an end product of some
processing activity.

1. Defining the requirements for a waste package
design.
2. Developing one or more conceptual designs
based on the data available at that time.
3. Conducting supporting studies and testing to
establish the feasibility of the design
approach.

The repositories will be located in suitable
geohydrological settings. The four types of host
rock now under consideration in the United States
are tuff, basalt, crystalline rock, and salt.
Waste packages for these repositories must be
designed to meet the expected environmental
conditions and to house the various waste forms.

4. Developing improved specifications for components and acceptance criteria for waste
forms as the data base increases.
5. Continuing the design process as part of the
total repository development and licensing
process.

The primary functions of the waste packages and
the waste forms contained therein are (1) to provide containment for the waste form for periods up
to 1,000 years and (2) to slow the release of
radionuclides after the containment period has
ended. To meet these requirements, the timevarying characteristics of the environment must be
defined so that waste package container materials
and waste forms may be tested under the expected
conditions. The testing and design work is
parallel and interactive.

As the detailed planning and testing in support of
the design proceeded, it fell into three broad
areas of study. These are:
1. Detailed definition of the expected environment near the waste package for times from
emplacement up to 300 to 1000 years later.
This area is the subject of a paper by Clark
and Bradley (1983) in this session and will be
treated here only in summary form.

The designs for containers and waste forms are
developed from the existing data base on materials
and expected geologic environments. As selected
designs emerge, the studies of materials and
evaluations of the environment are focused en the
specific areas where information is needed for
further development. By this iterative process, a
final design for a waste package is developed.
Its supporting data base ensures that the performance of the packages can be shown by analysis
to meet the regulatory requirements. This paper
describes the current status of the waste package
designs for salt repositories. The status of the
supporting studies of environment definition, corrosion of containment materials, and leaching of
waste forms is also presented. Emphasis is on the
results obtained in FY 83 and the planned effort
in FY 84.

2. Corrosion of candidate overpack (containment)
materials.
3. Leaching or dissolution of the selected waste
forms.
The end objectives of the supporting studies for
the design and licensing aspects of the waste
package task are twofold:
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•

To develop materials and fabrication specifications for the waste package components and
waste acceptance criteria for the waste forms,

•

To develop models to describe the behavior of
overpack corrosion, spent fuel leaching,

borosilicate glass waste form leaching, and
interaction coupling among container materials,
waste forms, and the environment.
MAJOR ACCOMPLISHMENTS IN FY 1983
The overall focus and guidance for directing the
supporting studies were provided by the development of a conceptual waste package design. The
report (Office of Nuclear Haste Isolation, 1983a)
was issued early in the fiscal year. The reference design selected as a result of this study is
described in Basham and Carr (1983) and consists
of a low carbon steel container for the waste
forms placed in vertical boreholes in the floor of
emplacement tunnels. Figure 1 is a schematic of
the reference waste package. Table 1 gives the
principal features of the design geometries for
the various waste forms. These features may be
changed somewhat as the waste package design
studies continue and the repository design
matures.
HANDLING DEVICE
(INTERFACE GEOMETRY TBDI

-RELIEF GROOVE

-CYLINDRICAL BODY

-WASTE FORM OMITTED
FOR CLARITY

"BOTTOM HEAD

Fig. 1. Reference waste package concept
To have a basis for review of design adequacy and
to guide the supporting studies, specifications
for the waste package (Office of Nuclear waste
Isolation, 1983b) were published, and general
waste acceptance criteria for waste forms (ONWI,
1983c) and specific ones for defense high-level
waste (ONWI, 1983d) were issued also. In addition
draft waste acceptance criteria were developed for
commercial high-level waste based on using borosilicate glass as the matrix for the waste and for
spent fuel, which will be disassembled and close
packed. Following review, these latter two
documents should be published during FY 84.

Table 1. Summary of design geometries for
various waste forms
PHLW

CHLW

SK (12 PWR)

Power, watts

423

9.500

6.600

Diameter, cm

81

76

85

Length, m

3.4

4.5

4.5

Containment
Thickness, cm

8.6

8.9

10.0

7.970

10.710

17.640

Gross Wt, kg

A carbon steel, ASTM Casting Specification
A216-77, Grade WCA, has been selected as the reference high-level waste package overpack material
for use in the salt repository materials testing
program. Future materials studies will include
in-depth processing studies as well as continued
corrosion testing, both of which will impact the
final material selection. Although this specification may be modified based on future testing
results, it is the current material of choice for
all salt repository corrosion testing. The
selection was based on several considerations,
including corrosion resistance, weldability,
castability, strength, ductility, use of strategic
materials, cost, availability, and impact
strength. Further, the current data base on
corrosion resistance of a wide range of iron
alloys shows that the performance of these
materials is very similar. Focusing on a single
material permits the development of a much more
extensive data base under the relevant salt
repository conditions.
Studies of the corrosion of several ferrous
materials have been conducted in a salt brine prepared by dissolving salt core from a Permian Basin
salt horizon considered to be representative of a
bedded-salt site for a repository. The brine was
held at 150 C for several days. The supernate
that was in quasi-equilibrium with the precipitated solids was then used for corrosion tests at
150 C of several materials, including 1025 cast
steel, as cast and also normalized.; 1025 wrought
steel; 2k percent Cr, i percent Mo cast steel;
ductile cast iron; and high purity iron. Although
there was some scatter in the results for tests
without irradiation, the maximum rate was about
25 um/yr with the rate decreasing with time.
The corrosion attack observed to date has been
uniform with no pitting attack evident. These
data are discussed in more detail in Westerman
et al (1983), and the data for 1025 cast steel are
shown in Fig. 2. In general, the oxic conditions
(1.5 ppm dissolved oxygen in the brine) resulted
in higher corrosion rates than the anoxic
conditions (0.5 ppm dissolved oxygen).
When the 1025 steel was exposed to irradiation
with the brine initially anoxic (argon-sparged)
the corrosion rate increased with the level of
radiation. However, as shown in Fig. 3, for the

are described in Gray et al (1983) and may be
briefly summarized as follows:

Oxic Anoxic
•
0 1 0 2 6 Cast Swol
•
D1028 Wrought Staul

• In spent fuel tests at 25°C and 75°C and U0 2
pellet tests from 25°C to 150°C, no significant
temperature effect was noted.
• In brine, iron had no significant effect on
the total uranium release, but substantially
reduced the amount in solution by causing the
uranium to plate out on the iron coupon and
container walls and to precipitate as
filterable particles.

D

• Uranium release from spent fuel was more than
100 times greater than from U02. At 25°C the
UO2 lost about 0.02 g/mS with the total and
filtrate being almost the same. For spent fuel
at the same temperature, the uranium release
was about 3.5 g/m2 total and the filtrate was
about 2 g/m2. Filtrate results were obtained
after passing the fluid through a 1.8 nm
filter.

8
L
2

i

i

i

3

4

5

1—9
6

Exposure Time, months

Fig. 2. Corrosion of 1025 steel in PB-2 brine
at 1 5 0 % without irradiation

An initial model has been developed to describe
the irradiation corrosion behavior of a cast steel
waste package overpack in a salt repository environment (Westerman et al, 1983). From the available data it appeared that the material corrodes
according to a linear rate law. The linearity
suggests the formation
of a corrosion product
film that remains constant after an initial growth
period. Also there is an apparent activation
energy for temperature dependence corresponding to
diffusion of oxidizing species across this film.
As an initial approach, the effect of radiation is
considered to convert water to O2, H?02, and H2,
and also to convert the products back to water.
In effect, there is competition among the radiolytic leach reactions, the flow rates, and corrosion process (diffusion across a surface layer)
for the oxidizing species generated by radiolysis.
Using these factors, a corrosion model for lowcarbon steel has been developed based on available
data to determine three parameters:

maximum radiation level expected for the highest
activity waste loading of a salt waste package
(2 x 1Q3 rad/hr at the surface of the waste package container), the effect of radiation is almost
identical to the results of corrosion tests without radiation. Studies of structural loading on
tha corrosion behavior are under way. Although
tne results to data are sparse, there is no evidence of stress corrosion cracking but there is
some reduction in ductility, perhaps from strain
aging brought about by the presence of hydrogen.
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The resulting equation using the available
corrosion data to obtain the constants results
the equation taking the form

\

Ex[>osufc Time, months

Fig. 3. Irradiation corrosion of 1025 steel in
PB-2 brine at 150°C (except where
noted)
The studies of i»;ste forms have begun to emphasize
additional work on spent fuel which has a much
smaller data base than that for bor'osilicate glass
matrix waste i'orms. Initial leaching tests have
been conducted with bare spent fuel pellets with
an average burnup of 28000 MWd/MTU and with depleted
uranium pellets of UO?. The latter material is
used for scoping studies, developing test
procedures, and comparison purposes. These data

/7.377.11JO\
P =e
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] 15.5

1.2x1010
where

P = uniform penetration rate, ym/yr
T = temperature, degrees kelvin
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F = flow rate, liters/sec

minerals and dissolved species present in brines
and their host rocks. This work has involved the
addition of thermodynamic data on 110 salt minerals and uranium and the available Plutonium
solubility and speciation data to the code's
thermochemical data base. Development of a new
code capability to handle speciation in high-ionic
strength brines is ongoing. A revised user's
manual (EQ3NR) has been published.

V = volume, liters
A = area, cm?
R = radiation dose rate, rad/hr.
An important related study is the natural analog
for a salt' repository. The Salton Sea geothermal
area was chosen as a near-field natural analog for
a salt repository because: (1) the Salton Sea is
a well-defined geothermal area with existing
wells, cores, and cuttings available for study,
(2) the measured temperatures in the wells cover
the approximate range expected in a salt repository, (3) the deep ground-water salinities span
the range expected in a salt repository, and
(4) the stratigraphic sequence of sedimentary
rocks in this region (the Imperial Valley of
California) is very similar to those sequences
found in bedded or domal salt areas. The Salton
Sea geothermal area has been active (i.e., hot)
for about 100,000 years, a time scale of interest
for the disposal of high-level waste.

PLANNED ACTIVITIES FOR FY 84
Most of the work for the current fiscal year is
a continuation of work begun earlier. Two new
activities to be initiated in the current year are
studies of fabrication technology and tests of
clad spent fuel. An important decision to be
reached during tne fiscal year is what material
will be used for continued design effort, fabrication work, and long-term corrosion testing.
Should the corrosion data with low carbon steel
continue to look promising, the initial selection
of ASTH A216-77, Grade WCA, will be reinforced.
Otherwise, it may be necessary to change to
TiCode-12* (the candidate backup material at this
time) or some other alternative.*

The Salton Sea work will determine (1) the
geologic conditions under which rock/water interactions involving heated brines may mobilize such
elements as U, Th, Ra, Cs, and Sr, and (2) if
mobilized, how far they are likely to be transported before being removed from the brine by
precipitation, sorption, and/or ion exchange.
These analyses require detailed characterization
of the rock and heated brine, as well as determination of the fluid flow path as a function of
time.

The key activities are as follows:
• To undertake development of fabrication technology for the reference conceptual waste
package design.
\
• To update definition of the expected
environment near the waste package.
• To develop initial draft of TRU waste form
specifications.

The preliminary analyses indicate that the uranium
concentration in the Salton Sea: geothermal brine
is about 10 ppb. The range of bulk rock (both
sandstone and shale) trace element concentrations
is listed below:

• To select a waste package container material
for continued study (fabrication technology and
corrosion).
""
• To conduct tests of clad s.pent fuel.

Uranium
Thorium
Strontium
Cesium

1.3 - 5.3 ppm
2.5 - 24.4 ppm
181 - 534 ppm
0.5 - 7.5 ppm.

• To conduct long-term tests of container
materials including corrosion and enviromechanical effects.

The uranium is associated with very fine-grained
matrix minerals, including illite, chlorite, and
epidote. The uranium contents of shales (4 to
5 ppm) are higher than those of sandstones (1 to
2 ppm), with concentrations in both rocks being
independent of temperatures in the range of 100
to 350 C.

t To conduct selected accelerated tests of
container materials.
• To make the corrosion model available for use
in waste package analysis in documented form as
a module of WAPPA.
• To document the borosilicate glass waste form
leaching model for uSe as a module of WAPPA,

The geochemical code of choice for modeling the
near-field effects of temperature and radiation on
the host rock and engineered barrier system is
EQ3/EQ6, This code will permit calculating the
effects of rock/brine interaction as a function of
temperature and radiation. EQ3/EQ6 must be interfaced with the modular waste package performance
codes (e.g., WAPPA), and include calculational
results obtained from the corrosion and waste form
leaching codes being developed.

• To continue development of a spent fuel
leaching model,
• To issue a data summary of brine and salt
radio!ysis effects.
REFERENCES
1.

Current work has involved building the data base
and developing the code to a level where meaningful geochemical calculations can be made of
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DEFINITION OF THE WASTE PACKAGE ENVIRONMENT FOR A REPOSITORY LOCATED IN SALT
Donald E. Clark
Battelle Office of Nuclear Waste Isolation
Don J. Bradley
Battelle Pacific Northwest Laboratory
INTRODUCTION •'

waste packages.

The waste package testing program is concerned
with development of a design which meets two
principal performance requirements: containment
of radioactivity for a specified period of 3001000 years, and subsequent controlled release of
radioactivity at some specified value" (e.g., less
than 10^5 parts per year). Waste package materials
testing is conducted under conditions expected to
occur in the waste repository and also under other
conditions which simulate possible accident scenarios. Results of the waste package testing are
used for making refinements in design and for
predictive purposes, and constitute the bases
under which compliance with the performance requirements will be demonstrated.
In support of the waste package testing program,
a substantial effort has been undertaken to define
the very near-field (within approximately 2 m)
environmental conditions to which waste packages
will be exposed in a salt repository. Based on
current conceptual designs for disposal of defense
high-level waste (DHLW), commercial high-level
waste (CHLW), and spent fuel (SF) in a salt
repository' and physical properties of the host
rock, calculations with several computer codes
have been made of the ambient radiation and
temperature fields resulting from emplacement of
the radioactive wastes. The radiation and thermal
output of the wastes will decreas; with time due
to the radioactive decay. Using the calculated
radiation and temperature profiles as bases, conservative test conditions are established for
evaluating the performance of the waste package
and its components.
Heat and radiation effects on the host rock and
any fluids (brines) present in the ^ery nearfield region are also being studied. Physicochemical changes occur which must be considered
in establishing the near-field conditions to
which the waste packages will be exposed over
long time periods (e.g., for containment purposes,
over hundreds of years) following emplacement.
Other near-field conditions that will impact performance of the waste package are determined on
a site-specific basis through sjte characterization activities. These conditions include the
composition and quantities of brines which may.
contact the waste packages, composition of thehost rock, the redox conditions in the repository,
and stress states in the host rock around the

The principal conditions and site-speciffc parameters that must be determined in order to precisely
define the waste package environment for a salt
repository are discussed in the following sections.
Also discussed is the work under way or planned to
resolve what we cannot currently specify with
confidence.
TEMPERATURE AND RADIATION FIELDS
Repository/waste package design features such as
waste loading, shielding (thickness of the overpack),
areal loading, and so on, will determine the
ambient thermal and radiation fields for a given
repository horizon. The current conceptual designs
for disposal of DHLW, CHLW, and SF in a salt
repository have been discussed previously.1 The
radioactive waste form (vitrified waste -- a
borosilicate glass -- or disassembled spent fuel
assemblies) will be contained in a metal canister
which is further protected from the environment by
a barrier (overpack) material. At present, the
primary candidate
for the overpack is a lowcarbon steel.2 At a minimum, the waste package
consists of the canistered waste form and its
overpack.
The current waste package design does not consider
the use of a backfill material other than salt.l
Conceptually, it is planned that the waste packages
will be emplaced in vertical boreholes within a
single repository horizon. Crushed salt may be
placed around the waste package following emplacement. The creep behavior of salt assures that the
borehole itself will close with time and the waste
package eventually will come into intimate contact
with salt having about the same density and porosity as the intact rock mass.
The repository/waste package design, age and isotopic composition of the original waste, and host
rock properties are principal determinants of the
temperature and dose rate values which will vary
both spatially and with time following emplacement.
The maximum waste loading, and hence the highest
temperature and radiation dose rate, is associated
with the CHLW package.1
Kircher and Gupta-* have discussed the various
computer codes used for performance assessment
purposes in the salt repository program, including
the thermal analyses. Computed temperature profiles
as determined by the Office of Nuclear Waste
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Isolation (ONWI) for emplaced CHLW and spent fuel
from a pressurized water reactor (SFPWR) in a
candidate salt repository site (Gibson Dome, Utah)
are shown in Figures 1 and 2, respectively. The
maximum design value for the waste package-salt
interface temperature is approximately 250 C.
For the period of interest for containment purposes,
a conservative value of 150 C is used for testing
candidate barrier materials.

Using computer codes such as ORIGEN for source terms
and ANISN-W for shielding calculations, radiation
profiles have been generated for waste packages
as a function of time following emplacement.* An
example of radiation profiles at various times for
emplaced CHLW is shown in Figure 3, as reported
by Jansen et a'l.4 According to the current conceptual design, tie maximum radiation levels at
the waste package-salt interface are expected to
be of the order of 10 3 rad/h.
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The determination of s i t e - s p e c i f i c parameters
impacting the waste package performance is an ongoing a c t i v i t y associated with the larger e f f o r t
of s i t e characterization of prospective repository
s i t e s . The parameters o f most i n t e r e s t include
the composition and quantities of brines which may
intrude on the n e a r - f i e l d environment, composition
of the host rock, redox conditions and stress
states around the waste packages.
Only through contact with brine solutions w i l l
the waste package undergo degradation of i t s containment properties or w i l l r a d i o a c t i v i t y b<2 r e leased i n any quantity from the waste form. S a l t
formations contain i n t r i n s i c quantities of water.
The d i f f i c u l t i e s associated with measuring the
t o t a l water content of s a l t have been discussed
by Bassett and Roedder.5 Water i s present in
three forms: (1) hydrous mine.-als, (2) i n t e r granular pore f l u i d s , and (3) f l u i d i n c l u s i o n
water (also called intragranular w a t e r ) . The
water content of s a l t formations i s generally o f
the order of less than 1 wt», and may be much
less than that f o r s a l t domes which o r d i n a r i l y
contain less water than bedded s a l t .

uoo.o

Fig. 2 Temperature profiles after emplacement
at Gibson Dome for SFPWR

28*

Two principal scenarios are used in discussing the
possibilities cf brines contacting the waste
package. In one case, this may occur as a result
of some sort, of accident (e.g., an intruder inadvertently drills an opening into the salt formation) which is unexpected but of finite probability. If water could thus be introduced to •
the repository region, a dissolution brine would
result on contact with the host salt. Such a
brine is referred to as an intrusion brine and
its expected composition can be determined by
simply dissolving a sample of the host salt in the
potential ground water and noting the saturation
values of salt in the resultant brine solution.
In Table 1, the 25 C compositions of two sitespecific intrusion brines are given. Such brines
tend to be predominantly sodium chloride-saturated
solutions with lesser amounts of other constituents
of the host rock. Intrusion brine compositions
for other candidate salt sites are not yet availTable 1.

Compositions of some site-specific
brines (parts per million by weight)
at 25 C

Ion

I n t r u s i o n Brine:
Permian Basin
Cycle 4(a)

Na*

127,000 ( 300

Inclusion B r i n e :
Permian Basin
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Recently made calculations of brine inflow toward
the waste package due to brine migration as a
function of time following emplacement have been
reported by Kircher and Gupta.3 The calculated
brine quantities are relatively small (of the
order of 100 or so liters per waste package) and
might be totally consumed by corrosion reactions
with the overpack. In such a case, no brine
would be available to effect release of radionuclides from the waste form. Thus, the expected
condition of brine contacting the waste package
through the mechanism of thermally driven brine
inclusion migration is also a limited reactant
situation.

I n t r u s i o n Brine:
Paradox Basin
Cycle 6(c)

K*

--

47

--

2.37

Analysis of composite sample from G. rriemel Hole No. 1, Lower San
Andres, Texas
b

( )

Basis of iiNWl recipe for preparation of synthetic inclusion brine

(e)

G0-1. Gibson Dome, Utah

of trapping quantities of liquid when the salt
crystallized. The initial composition of such an
inclusion would be that of the residual liquid
when the salt crystals formed, however, subsequent
recrystallization could substantially alter the
fluid composition. These inclusions may also
contain gas and/or solid phases. In some instances, all three phases may be present in a
single inclusion within a salt crystal. The
gas phase, is predominantly water vapor, but other
gases such as CO2, CH4, H2S, and air may be present.
Gas phases in fluid inclusions appear to be more
prevalent in domed salt where plastic deformation
of the sedimentary halite has occurred at elevated
temperatures followed by cool ing.7 The fluid
inclusions within salt crystals are able to
migrate under influence of a temperature gradients
6,8. Thus, a scenario can be constructed in which
inclusion brines migrate up the thermal gradient
toward the waste package and accumulate in
quantities that depend on the waste package/
repository design, and properties of the host rock
(e.g., distribution and mean volumes of the fluid
inclusions), and the time following emplacement.

able, however, wide variations in the major element
chemistry are not expected. For testing purposes,
the emphasis to date has been on the Permian Lower
San Andres Cycle 4 intrusion brine (i.e., synthetic
brine solutions having the composition shown in
Table 1 are used in the waste package testing).
Confirmation that testing results are not sensitive
to different chemical compositions for various
intrusion brines specific to other candidate sites
will await further testing although significant
differences are not expected to occur.
The other scenario which would result in contact
of brine with the waste package is that of migration
of fluids within the salt to the interior of a
waste emplacement hole in the repository. Jenks
and ClaiborneS have discussed the mechanisms of
brine migration. The migration of fluid inclusions
will produce a brine of much different composition
from that of the site-specific intrusion brine.
Fluid inclusions in salt formations are the result
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ONWI has developed a recipe for preparation of
synthetic inclusion brine to be used in the waste
package materials testing program. The recipe,
which is based on analyses of inclusions in
Permian Basin Cycle 4 salt, is given in Table 1.
Compared with the intrusion brine composition for
the same site,
the inclusion brine is notably
higher in K + , Mg + + , and+ + Ca + + . As has been
observed with other Mg rich brines, 9> 10 this
inclusion brine will probably tend to be more
aggressive, at elevated temperatures, than the
intrusion brine. The Permian Inclusion Brine
shown in Table 1 will be used as a basis for
preparing synthetic inclusion brine for testing
waste package performance under conservative (i.e.,
more rapid reaction) conditions. The analysisof inclusion brines from other sites is a continuing effort; such analyses are difficult to perform
due to the small sizes of the fluid inclusions
and the nontrivial sampling problems.
Characterization of the site-specific host rock
is also important for consideration of interactions
with the waste package. With core samples from
various levels of the candidate repository sites,
the host rock can be characterized at different
borehole locations. Hubbard et al " have reported results for the Lower San Andres Salt Unit
4 (Deaf Smith County, Texas) for which the formation consists of about 90 yol% halite (NaCl),

with 7 vol* anhydrite (CaS04), and 3 voU clay
disseminated in and among the halite crystals.
The host rock mineralogy is important for evaluating the waste package performance under the
actual repository conditions because of rock's
interaction with the migrating brine under the
temperature and radiation fields. Such interaction w i l l influence the brine composition that
reaches the waste package emplacement hole.
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Redox conditions in the near-field environment can
influence corrosion rates as well as affecting the
solubility of radionuclides. Many of the radionuclides are multivalent and thus their speciation
(and solubilities) w i l l be affected by the in situ
redox state of the repository. In part, the
redox state is an inherent property of the host
s a l t ; i t s determination is d i f f i c u l t and is an
ongoing part of the site characterization activi t i e s . An additional contribution involves gases
present in the host rock following reestablishment
of lithostatic pressures (see following discussion
of the stress states). The concentration of air
in the near-field environment following backf i l l i n g and closure operations can be calculated
for various scenarios in principle. Such an
approach w i l l need to consider the possible consumption of 02 (e.g., in corrosion reactions) and
production of 02 and H2 (e.g., from radiolysis
reactions). A methodology for estimating 02 concentrations in the near-field environment and for
• simulating the oxidizing conditions w i l l be
developed.
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Fig. 4 Assumed normal stress boundary conditions
at CHLW waste package midplane
HEAT AND RADIATION EFFECTS ON
SALT AND BRINES

An additional site-specific parameter is the
stress state to which the emplaced waste package
w i l l be exposed over time. The vertical stress
acting on the waste package is expected to
approach lithostatic values as the salt reconsolidates following emplacement and backfilling.
The lithostatic pressure is simply equal to the
weight of overburden; for a repository horizon-at
a depth of about 600 m, a nominal value for the
lithostatic pressure is approximately 15 MPa. A
deviatoric stress state exists around the waste
package after excavation. The horizontal
stresses are expected to exceed the lithostatic
pressure at least during the f i r s t decade or so
following emplacement. These increased stresses
exerted on the waste package w i l l arise from thermal
expansion of the surrounding salt. 4 An additional
source of the incremental horizontal component
could arise from local geological features (e.g.,
the repository located near a mountain range) or
other factors which tend-to develop a maximum
principal stress plane greater than lithostatic.
Calculations and analyses of stress buildup are
continuing in the ONWI rock mechanics program.
The results of an analysis of this phenomen in
which an assumed 25% excess horizontal (radial)
compressive stress and 35% excess vertical (axial)
compressive stress relative to the lithostatic
pressure, peaking one year after the backfilling
operation, are shown in Figure 4, for Palo Doro
(P.rt.), fiibsnn nnnWG.n.), and Rirhtnn Dnmp fR.Dj
sites.

010 m VERTICAL
610 m RADIAL
910 m VERTICAL
910 m RADIAL
R D 680 m VERTICAL
RD 680 m RADIAL

-•-

The principal effects of heat on salt and brines
are to change the solubilities of some of the
dissolved compounds and to effect changes in
hydrolysis constants. Retrograde solubilities of
compounds such as anhydrite (CaS04), gypsum
(CaSO4-2H20), and other phases can cause significant changes in brine chemistry, possibly including pH. Changes in hydrolysis constants with
temperature may likewise produce changes in the
pH. Tests have been carried out at Pacific Northwest Laboratory (PNL) using Dickson direct
sampling autoclaves on Permian Basin synthetic
intrusion brines at 150 C and 250 C. Changes in
brine chemistry indicated by precipitation of CaS04
were observed at both of these temperatures,
although no significant changes in the quenched
(25 C) pH were observed. Results for the saturation concentrations of Ca + + , Mg + + , and SO4" are
shown in Figure 5. These studies are continuing,
both with Permian intrusion and other brines.
Radiation effects are very important in the salt
environment and these are being studied both at
PNL and at Brookhaven National Laboratory .
Gamma radiolysis of crystalline salt is known to
produce colloidal sodium and free chlorine within
the crystals.12 The rate of production of sodium
colloids is affected by temperature, radiation
dose and dose rate, impurities, and strain.I 3 . 14
Most of the effects of these parameters have been
explained on the basis of their influence on
stabilization reactions such as mobility and
defect trapping.
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water due to radical scavenging reactions involving
Br" and Cl", as reported by Pederson et al. 1 5 The
ratio of H2 to Og is 2:1 for gamma radiolysis,
while a ratio of nearly 10:1 results for alpha
radiolysis.'5 Thus, the brine is expected to become more oxidizing in nature when alpha radiolysis effects predominate (e.g., if actinides are
present in the brine solution).

3.00

1.000

Further studies on irradiation effects are under
way and results will be useful in understanding
corrosion and leaching reactions under conditions
of radiation being present. Other radiation
effects may occur in the repository, such as with
clays and other impurities, however, these are
probably of a minor nature.
FIELD TESTING
100

In addition to laboratory testing, there is a
need to conduct f i e l d tests of the waste package
and i t s components to increase confidence concerning long-term performance. Field testing
also can provide additional information about
the expected near-field environmental conditions.
Such tests are or w i l l soon be under way in salt
media, both in the U.S.A. and in Europe.16, 17
Field tests w i l l also be undertaken in a candidate
salt site at an appropriate time after the exploratory shaft has been established.

SATURATION CONCENTRATIONS IN PERMIAN
BASIN BRINE NO. 1 AS A FUNCTION OF
TEMPERATURE

10

I

I

100

200

300
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TEMPERATURE (*CI

Fig. 5 Ionic concentrations of Ca2+, Mg2+, and
S02- in Permian Basin Brine No. 1 as a
function of temperature
Radiation-induced changes in salt must be considered in any evaluation of the waste package
performance. A key to determining the extent
of influence of salt radiolysis on the near-field
conditions in a salt repository is the fate of
the chlorine gas. Upon dissolution of irradiated
salt in water, colloidal sodium will react to
produce sodium hydroxide plus hydrogen gas, while
chlorine (if it has not escaped from the salt
crystals) will initially yield hypochlorous plus
hydrochloric acid. These products will essentially
neutralize each other, leaving the solution pH
controlled by the hypochlorite ion — the salt of
a weak acid. Hypochlorite disproportionates to
chlorate ions and eventually to perchlorate ions,
tending to make the solution pH neutral.
Solution pH values upon dissolution of irradiated
NaCI and Permian Basin natural salt (G. Friemel
Core Hole No. 1) did not exceed that expected for
pH control by the hypochlorite ion. 15 Thus,
chlorine loss during irradiation and upon dissolution at ambient temperatures does not appear to
be important. Further studies are being made to
better quantify these results and to determine
irradiation effects in site-specific salt at doserate values characteristic of the repository.
Irradiation effects on brines are also being investigated at PNL. In saturated brines, increased
production of H2 and O2 occurs over that of pure

The expected environmental conditions for emplaced
waste packages in a salt repository are simulated
in the materials testing program to evaluate performance. Synthetic brines, bc<sed on the analyses
of actual brines (both intrusion and inclusion),
are used for corrosion and leach testing. Elevated temperatures (to 150 C) and radiation fields of
up to 103 rad/h are employed as conservative
conditions to bracket expected performance and
provide data for worst case scenarios.
Obtaining a precise definition of the waste package
environment in a salt repository and i t s change
with time is closely tied to detailed site characterization of the candidate salt repository
horizon. I t is expected that f i e l d testing can
augment some of the materials testing currently
under way and can provide increased confidence in
the predicted site-specific near-field conditions.
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WASTE PACKAGES FOR A REPOSITORY LOCATED IN BASALT
Michael J. Smith, G. Scott Barney,
and Ernest L. Moore
Basalt Waste Isolation Project
Rockwell Hanford Operations
Richland, Washington
INTRODUCTION
The permanent storage of nuclear waste is potentially one of the most important technical challenges facing the scientific and engineering communities today. The favored permanent storage
method in the United States is disposal of nuclear
waste in a mined geologic repository. Accordingly,
the National Waste Terminal Storage Program has
been charged with the responsibility of characterizing the properties of various media, such as
basalt, salt, granite, and tuff to assess their
suitability as media for construction of a highlevel radioactive waste repository.
The original philosophy behind geologic disposal
of nuclear wastes placed great emphasis on the
host rock acting as the primary barrier for the
containment of radionuclides. In recognition of
the complexity of predicting the long-term performance of geologic formations as barriers to radionuclide migration, the United S.tates has (since
1976) adopted a multiple-barrier waste package
approach to nuclear waste disposal. This approach
involves the concept of engineered barriers (i.e.,
waste form, container, overpack, packing material,
etc.) acting in concert with the natural barriers
(geologic strata, distance to accessible environment, etc.) to prevent the unacceptable release of
radionuclides to the accessible environment.
The Basalt Waste Isolation Project (BWIP), as part
of the National Waste Terminal Storage Program is
operated by Rockwell Hanford Operations for the
Department of Energy. The BWIP is responsible for
characterizing Columbia River basalts beneath the
Hanford Site near Richland, Washington to determine
their suitability as a medium for the permanent
disposal of nuclear wastes. Concurrent with the
conduct of geologic and hydrologic studies, the
BWIP has completed conceptual designs for sitespecific waste packages with the assistance of
Westinghouse-Wasts Technology Services Division of
Large, Pennsylvania. To support the waste package
design effort, the BWIP has in place a broad interdisciplinary testing program to evaluate materials
on the basis of their performance under the conditions imposed by the repository environment. The
major areas being addressed by this program are:
(1) design and development, (2) hydrothermal waste/
engineered barrier/basalt interactions testing,
(3) canister materials corrosion and mechanical
property testing, (4) backfill materials stability
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and physical property testing, and (5) performance
evaluation. The purpose of this paper is to summarize the latest waste package materials test
data and analyses collected by the BWIP in each of
the five activities and to describe the BWIP's
plans to extend this preliminary data base through
fiscal year (FY) 1984 toward that necessary to
support a license application for construction of
a nuclear waste repository in basalt (NWRB).
DESIGN AND DEVELOPMENT
The design and development of waste packages suitable for disposal in an NWRB are dependent on the
proper choice of materials that will provide
reasonable assurance that the Nuclear Regulatory
Commission and Environmental Protection\Agency
criteria (NRC 1983; EPA 1982) for radioftuclide
containment and controlled releases will be met.
The first in a series of design activities, the
conceptual design of commercial and defense highlevel waste packages and spent fuel packages, has
been completed by Westinghouse-Waste Technology
Services Division (RHO/AESD 1982) for the BWIP.
The conceptual designs are for solidified borosilicate glass for commercial and defense highlevel waste and for spent fuel rods that have been
removed from their assemblies. The present waste
package conceptual design requires that each waste
form is sealed in a low-carbon steel (LCS) cylindrical containment vessel and surrounded in the
horizontal placement hole by a packing material
consisting of 75% crushed basalt and 255! sodium
bentonite.
It was recognized by the BWIP that the data base
on which the waste package conceptual designs were
prepared was not as well developed as desired;
however, the designs were needed to provide an
early basis for materials test plans to be included
in the Site Characterization Report (DOE/RL 1982).
Studies are now proceeding to improve the design
data base for the preparation of advanced conceptual design requirements for NWRB-specific waste
packages. The design requirements for support of
tin's activity are to be completed by June 30, 1984
and the advanced conceptual designs are to be completed by March 31, 1985.
As support for preparation of the Waste Package
Advanced Conceptual Designs, engineering studies
have been initiated and wi'll continue in FY 1984.

FY 1984 in time for the development of waste
package advanced conceptual designs.

These consist of the following activities:
• Conducting a Series of Packing (Backfill)
Materials Process Development Tests

HYDROTHERMAl WASTE/ENGINEERED BARRIER/BASALT
INTERACTIONS TESTING

This engineering-scale test series is being
conducted by Westinghouse-Waste Technology
Services Division in test facilities designed
to simulate a portion of the horizontal 2O0-ft
emplacement holes described in the conceptual
design of the NWRB (RKE/PB 1983). The tests
are scoped to demonstrate pneumatic emplacement
of packing material around the emplaced canisters and to develop procedures and parameters
for this operation in the repository
(AESD 1983a,b; WTSD 1983a,b,c). To date, a
test run has been successfully completed by
Westinghouse-Waste Technology Services Division
to confirm the operational readiness of the
pneumatic placement facility. This development
test series is to be completed early in FY 1984
so that the results can be made available for
waste package/repository engineering studies
and conceptual design upgrades.

Waste/engineered barrier/basalt interaction studies
being conducted by and for the BWIP primarily
emphasize the determination of solubility or
steady-state concentration limits for important
radionuclides in the presence of waste package
components and basalt rock. The resulting data on
solution compositions and solid mineral alteration
products are used (along with hydrologic and sorption data) to predict radionuclide release rates
from the engineered barrier system and disturbed
rock zone. These release rates are key input to
performance assessment models that determine the
overall safety of the repository and confirm the
ability of the waste package to meet the requirements of current Federal performance criteria (NRC
1983; EPA 1982). Secondarily, these multiple
waste package component interactions studies may
reveal instabilities in waste package components
as a result of deleterious synergistic effects.
The effect of waste package emplacement on the
surrounding repository system also is an important
aspect.

• Developing Waste Package Structural Design
Criteria
The current approach by the BWIP to waste package structural design is to apply design rules
provided by the American Society of Mechanical
Engineers Boiler and Pressure Vessel Code, Section III (Nuclear Power Plant Components).
However, for the design of waste packages,
deformation without rupture would not affect
the canister (containment vessel) as a barrier
to radionuclide release. In addition, there
will be no personnel access to the canisters
after repository closure. For these reasons,
use of a safety factor smaller than that used
in the Code is appropriate for waste package
design and would result in a lesser wall thickness, thus reducing the cost of producing waste
packages. Late in FY 1984, a code case on
structural and analytical requirements incorporating the lower safety factor will be prepared and submitted to the American Society of
Mechanical Engineers Code committee for their
consideration.
• Evaluating Waste Package Configuration
Alternatives
This study has been initiated to identify and
evaluate alternate waste package configurations
to provide a basis for the Waste Emplacement
Optimization Study which, in turn, will be
needed to support repository design. The study
will generate alternate waste package configurations and criteria to be used in the evaluation
of the alternatives. The technical approach is
to define a number of variations in waste package emplacement methods and from these methods
to systematically generate alternate waste package configurations. Qualitative and, where
possible, quantitative evaluation criteria will
be used to select and evaluate the waste package
configurations using a list of evaluation
criteria. This study will be completed during
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The BWIP hydrothermal test program was initiated
with the testing of simple systems and will progress to more complex systems that incorporate the
total waste package. In the early stages of testing, hydrothermal reactions of simulated waste
forms and simulated waste form/basalt mixtures
were examined to gain an understanding of the
behavior of the waste form under repository conditions. The waste form release rates observed will
be used to determine the need for modification of
the packing material or the need to add other waste
package components. Simulated spent fuel and commercial high-level waste (borosilicate glass doped
with tracer levels of radionuclides) have been
reacted with groundwater, in both the presence and
absence of basalt. These early experiments were
performed in gold bag sampling autoclaves (Dickson
autoclaves) at temperatures between 90° and 300°C
at 30 MPa pressure. The composition of the fluid
phase was determined periodically by withdrawing
samples from the autoclaves. At 200° and 300°C
all dissolved species displayed either steadystate concentrations or decreasing concentrations
after the first 1,000 hr. At lOOOC, some dissolved
components had not reached steady-state concentrations after 6,000 hr. Steady-state concentrations
of several important radionuclides are shown in
Table 1 for experiments at 2Q0°C. The presence of
basalt had a profound effect on the solubility of
technetium (Tc). Steady-state concentrations of
Tc were about three orders of magnitude lower when
basalt was present. It appears likely that basalt
buffers the Eh of the fluid to reducing values
that result in the formation of less soluble Tc
solids (possibly TcO2 or metallic Tc). The presence of basalt lowered the concentrations of most
components released from the simulated waste forms.
Exceptions to this general observation are strontium (Sr) and samarium (Sm).

flow-through hydrot.hermal tests will be conducted
to confirm actual radionuclide release rates
observed under static test conditions.

TABLE 1 Steady-state concentrations of
radionuclides (in milligrams per liter)
for waste form + waste form + basalt +
water tests at 200°C.
Radionuclidt

SF + W

SF + 8 + W

CHLW + W

CHLW + B + W

Tc

NA

NA

52.S

0.0015

U

NA

0.10

NA

NA

Sr

001

0.36

0.004

0.02

Cs

NA

30.5

20.2

16.1

Pd

NA

0.1

<0.008

<1.27

Sm

NA

NA

0.05

0.29

Th

NA

0.2

NA

NA

CANISTER MATERIALS CORROSION AND
MECHANICAL TESTING
Canister Materials Corrosion
The canister must provide radionuclide containment
during shipping, handling, and possible retrieval
from the repository should the need arise. In
addition, the canister must also provide substantially complete radionuclide containment for up to
1,000 yr after emplacement to meet Nuclear Regulatory Commission (1983) performance criteria. These
criteria impose strict materials performance
requirements on the canister, which in turn
requires a knowledge of the mechanical, physical,
and corrosion behavior of canister materials under
the environmental conditions expected in an NWRB.

B > Grande Ronde Basalt.
CHLW = Simulated commercial high-level waste
borosilicate glass.
NA = Not analyzed.
SF > Simulated spent fuel.
W > Grande Ronde groundwater.

Preliminary corrosion data have been generated by
the BWIP in their test facilities-for LCS (reference canister material for basalt environment)
and two backup materials, 90-10 Cupronickel and
Fe9CrlMo alloy steel. In addition, the Pacific
Northwest Laboratory, under contract to the BWIP,
has generated preliminary corrosion data on cast
ductile iron, Fe2-l/2CrlMo steel and LCSs in the
presence and absence of intense gamma radiation.

The measured steady-state concentrations of most
radionuclides observed in these tests are orders
of magnitude higher than the solubilities previously calculated from thermodynamic data. There
may be many reasons for this feature (temperature
effects, estimation of Eh, choice of solid, incomplete data), but the important point is that
thermodynamic solubility calculations may lead to
serious underestimates of radionuclide release
rates unless such values are supported with actual
experimental data obtained under expected repository conditions.
Basalt-groundwater hydrothermal experiments are
being conducted to measure changes in Eh and pH
and the rate of basalt alteration under conditions
expected in an NWRB. This testing is expected to
provide limits on test parameters (Eh, pH, groundwater composition) for future waste form/engineered
barrier/basalt interaction testing. This testing
revealed that the solution Eh becomes progressively
more reducing as oxygen is consumed by oxidation
of ferrous ion released by the dissolution of the
basalt mesostasis. The pH decreased rapidly from
an initial value of 9.8 and then rose to a stable
value of 7.5 and 7.6 at 200° and 300OC, respectively. Probes that can measure the Eh and pH of
test solutions in situ during hydrothermal experiments conducted in Dickson autoclaves are being
developed and tested.
Future testing of waste/barrier/rock interactions
will encompass a broad range of waste types (i.e.,
spent fuel, commercial and defense high-level waste
glasses, perhaps ceramic waste forms, and transuranic waste forms). Waste forms that are selectively doped with key radionuclides will be used
as well as waste forms containing fully radioactive
wastes. An important step in the BWIP testing
program is the preparation of a hot-cell facility
to initiate fully radioactive waste form testing,
which began on November 1, 1983. In addition,
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Table 2 gives the results of the corrosion tests
conducted by the BWIP in the presence of backfill
(75 wt* crushed basalt/25 wtSU bentonite). The
tests were performed under static conditions using
synthetic Grande Ronde Basalt groundwater prepared
according to established procedures (Jones 1982)
and adjusted to pH 9.75. Anoxic conditions were
established by first sparging the groundwater with
argon and then saturating the backfill mixture
surrounding the corrosion coupons in the autoclave.
Reaction with the basalt at temperature further
reduced the oxygen content of the groundwater to
<0.1 mg/L as measured by a colorimetric technique
(Gilbert et al. 1982).
Several observations or preliminary conclusions
may be made on evaluating the results shown in
Table 2. These are: (1) corrosion rates of LCS
appear to be independent of carbon content;
(2) corrosion rates of LCS decrease with exposure
time; and (3) corrosion rates of LCS generally
decrease with increasing temperature.
Characterization of the corrosion product from
these experiments identified it to be an iron-rich
clay or iron silicate. The tenacity and the extent
of development of the corrosion product at 250°C
appeared to be greater thin at 100°c, thus resulting in observation (3). Observation (2) is also >
the result of the growth and the resultant extent
of protection afforded by the surface corrosion
product with exposure times. The differences in
observed corrosion rates as a function of carbon
content were not significant when compared to
experimental error. Observation (1) is a result
of this feature of the testing. Since all coupons
were enclosed in anoxic, groundwater-saturated

Table 2 Summary of basalt materials research laboratory short-terw corrosion data on
ferrous alloys exposed to synthetic Grande Ronde Basalt groundwater
with packing under anoxic conditions.a

Material

Corrosion rite
]»m/yr(mil/yr)

Exposure
time(wje)
250°C

AISI1020

AISI100E

AIS11025

F69CMMO

2

10.7b(0.42).12.7'>(0.5).
12.il>(0.48).14(0.55),
15(0.59).14(0.55),l3(0.51)5-13.1,0-1.4

4

6.9(0.27),7.1(0.28),
7.1(0.28),8.4<:(0.33).
7.5C(0.3),8.1S0.32),
8.5t(0.34),8.2<:(0.32>,
8.5«(0.33),8.5<:(0.34),
8.8C(0.3S).9.0C(0.35),
7.6C(0.3),9.6C(0.38),
7.3C(0.29),7.3t(0.29),
7.7C(0.3).7.3t(0.29),
8.3C(O.33),9.2«(O.36>,
8.6C(034)-;>8.1,o-0.8

6

6(0.23),5.5(0.22).6.4(O.25)-.
if-6.0,o»0.S

2

13.9b(0.55),l2.1(0.48),
9.4b(0.37)-l!-11.8,o-2.3

2

4

200"C
10.9(0.43). 11.9(0.47),
10.2(0.4)-S-11.0,0-0.9

150"C

100"C

14b(0.55),13.5b(0.53),
10.9b(0.43),1l.7b(0.46)X-12.5,0-1.5

66.3(2.61 ),64.7(254),
67.4(2.65)-!!-66.1,0-1.4

13.9b(O.55)-x. 12.6,0-1.4
10.9b(0.43),11.2t>{0.44),

l

10.8 >(0.42),l5.3'>(0.6),
13.7b(C.54)-x« 13.3,0-2.3

12.2b(0.48)-x-11.4.o-0.7

17(0.07).1.8(0.0?),2(0.08)?=1.8,0-O2

3.2(0.13).2.4(0.09),
2.9(0.1l)-S-2.B,o-0.4

*x and o are mean and standard deviation, respectively.
^Experiments performed in AISI 303 PARR pressure vessels with Teflon liners.
CGroundwater composition experiment.
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Table 4 Summary of iron-base alloy corrosion
data for Hanford Grande Ronde Basalt
groundwater under oxic conditions.

b a c k f i l l , test conditions may have masked any small
effect of carbon concentration on corrosion rates.
A 5-mo corrosion test to determine the effects of
low Eh conditions imposed by basalt on corrosion
was conducted using a refreshed titanium-lined
autoclave. Test specimens were cast and wrought
AISI 1020 LCS, Fe9CrlMo alloy steel, and
90-10 Cupronickel. The tests were conducted at
200°C in synthetic, anoxic (9.75 pH at 25°C,
s50 mg/L oxygen) Grande Ronde Basalt groundwater
(Jones 1982) at a flow rate of 0.02 mL/min. The
results are given i n Table 3. No pitting was
observed. During FY 1984, this test w i l l be
repeated with saturated packing material surrounding the specimen to demonstrate the effect of packing material on corrosion of the four materials
under anoxic conditions.

Mater**!

time (mo)

Exposure

Corrosion rate

time

Hm/yr(mil/yr)

Fe9CrtMo

5 mo

0.9 (0.3 5)!? -0.93(0.037)"

AIS11020

5'mo

1.5(0.59)5!- 1.4(0.057)

1-WRC:.
W2Vg Mo
Cast steel

1

14(0 541,25(098)
deepest pit • 0 0065 in
7 4(0 29)0.4 3(017)
5 B(0 231.1.8(0 067)
1.3(0 0501.1 4(0 055).
1 6(0 064)
18(0 0711.2 8(0 11)

2 5(0 101.3 6(0 14)a
2 4(0 0961.3 1(012)
2 5(0 101,1 4(0 055),
1 8(0 0721,5 6(0 22)0
3 3(0 13),2 4(0.095)

14(0 561.15(0 59)
3 6(0 14)3,4 1(016)
2 8(011).! SW059)
1 3(0 0501.1 2(0 046).
1 2(0 047)
20(0 80) b , 13(0 52)°

3 310.13)
1 4(0 056>a,2 0(0 078)
2 5(0 099),! 2(0 048)
3 3(0 131.2 8(0.11),
3 3(0 13)
8 6(0 34)0,8 6(0 34)1>

1
3
6
12

25(10).23(0 91)
8.4(0 33) a .7 9(0 31)
6 9(0 27).4 0(0 19)
2 5(0 0991,3 1(0 121.
2 5(0 097)

8 9(0 351.7 1(0 28)
3 8(0 15>,43(1 7)a.b
3 6(0 141,3 6(0 14)
3 6(0 141.3 8(0 15),
3 8(0 151
2 8(0 111.12(0 46)

3
6
II
17

2-1/2% Cr,
I K Mo
Cast steel

1
3
6
12
17

Cast ductile
(ran

17

3 8(0 151.6 1(0 24)

1025
Cast steel

3
5

5 1(0 201.5 3(0 21)
2 5(0 101,3 0(0 12).
2 8(0 111.3 6(0 14)

1020
Wrought
steel

2

a - 0.05 (0 002)b

o - 0.04(0.0014)

(wrought steel)
AIS11020

5 mo

(cast steel)
Cupronickel
(90-10)

NOTE: x
a

150"C

2S0*C

Table 3 Summary of corrosion data: five-month
exposure to anoxic synthetic Grande Ronde
Basalt groundwater (9.75 pH,
50 milligrams per l i t e r Og) 200°C.

Material

Corrosion rate
nm/yr (in l/yi)

Hxposuie

1

5 3(0 211,5 6(0 22)

5

3 0(0 121.3 3(0 13),
3 6(0 141,4 6(0 18)

1.0(0.39)!!- 1.1(0044)
o - 0.04(0.0014)

5 mo

0.9(0.35)?-0.93 (0.037)
a > 0.05 (0.002)
NOTE: x * 5.0
penetration at
temperatures.
^Specimen
exposure.
bSpecimen

mean deviation,
standard deviation.

Corrosion data produced by Pacific Northwest Laboratory for the BWIP using refreshed autoclaves are
presented i n Table 4. Oxic (80% argon/20% oxygen
sparged) synthetic Grande Ronde Basalt groundwater
flowed into the bottom of the autoclaves at
35 mL/hr and through a bed of crushed basalt before
contacting the corrosion specimens. The water
leaving the autoclave outlet measured 0.3 mg/L
oxygen. At exposure times >5 mo, the canister
materials exhibited near-linear corrosion behavior
with time. Some of the specimens (wrought AISI
1020 LCS) exhibited some pitting at 150°C. The
deepest p i t observed was 11.5 mils.
To determine the effects of intense gamma radiation
on corrosion of some of the same canister mater i a l s , the tests were repeated, again under oxic
conditions, while exposing the refreshed autoclaves
to gamma radiation of 3 x 10^ rad/hr for periods
up to 13 mo. The results of the irradiation tests
are shown i n Table 5. I t was found that the radiation increased uniform corrosion by a factor of 2
to 3 over that measured on specimens exposed to
nonradiation conditions.

2 0(0 0801.2 0(0 078)

6 9(0 271,6 3(0 25)
9 SIO 38),! 1(0 44)

4(0 551,13(0 53),
38(1 5)°.deepest pit •
0 0065 in
5 8(0 231,3 6(0 14),
71(2 8)°,deepeit pit »
0 0110 in
8 1(0 32)7 6(0 36).
6(1 R)bdeflpest pit °
OOMSm

ptn/yr and o = 6.6 calculated for
25 mo.
Includes data at the two
stripped once before
significantly

final

pitted.

During FY 1984, short-term (s3 mo) corrosion tests
w i l l be conducted on LCS, Fe9CrlMo alloy steel,
and 90-10 Cupronickel to assess the effect of
groundwater chemistry, packing material, air/steam
environments, and dissolved methane on the corrosion behavior of as-received and welded coupons.
Longer term studies w i l l be initiated to determine
the effects of gamma radiation under conditions
simulating postclosure repository conditions as
closely as possible. A study to obtain pitting
kinetics data on LCS, Fe9CrlMo steel, and 90-10
Cupronickel with and without gamma radiation w i l l
be conducted. The data developed during FY 1984
w i l l improve the data base for waste package
performance model development, and the preparation
of Waste Package Advanced Conceptual Design
Requirements,
Mechanical Testing
Two areas of concern relative to the mechanical
response of the waste canister are the effects of
the repository environment on (1) tensile properties of the material and (2) response of the mater i a l to possible fabrication flaws under cyclic
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and static load conditions. Two types of mechanical testing have been initiated by Pacific Northwest Laboratory and Westinghouse Hanford Company
for the BWtP: (1) slow-strain-rate (SSR) testing
to qualitatively assess the susceptibility of
canister materials to stress corrosion cracking
(environmentally assisted cracking) in the environment expected in an NWRE and (2) crack growth testing to quantitatively determine susceptibility to
brittle failure under static and dynamic loading
in the corrosion environment.
TABLE 5. Summary of iron-base alloy irradiationcorrosion data under oxic conditions
(0.3 milligrams per liter O2 at
autoclave outlet) in Hanford
Grande Ronde Basalt groundwater at 250OC,
-3 x 105 rad/hr.
M atonal

Cast
Ductile iron

Exposure
time (mo)
]

2
S
6
10
11
13

2-1/2% Cr, 1WMo
Cast steel

1

Corrosion rate
jjm/yr (mil/yr)

PACKING MATERIALSi STABILITY AND PHYSICAL
PROPERTY TESTING
i

12(0.49), 14(0.56)
9 6(0.381,30(1.2)
9.1 (0.36). 11 (0.43)
9.6(0.381,9.1(0.36)
6.4(0 25)
9 1 (0 36)
9.7(0 38)

13

8 9 (0.35), 7.6 (0.30)
14 (0.56), 22 (0.86)
4.8 (0.19),6,1 (0.32)
4.1 (0.161,4.1 (0.16)
3 8(0.15)
3.3(0 13)
2.8(011)
3.0(0.12)

1025
Cast steel

6
8

8 I (0.32)
7.9(031)

1020
Wrought steel

2

9 4(0.371.7.6(0.30),

3
5
6
10
11
12

Company. Statically and dynamically loaded fracture mechanics specimens are being used to provide
a quantitative assessment of stress-assisted
embrittlement that may lead to an extension of
existing flaws. The magnitude of the stress
intensity factor (K) and the size and orientation
of existing flaws determine whether crack extension
will occur. Two thousand hours exposure of LCS
bolt-loaded fracture mechanics specimens 1n simulated Grande Ronde Basalt groundwater at 250°C
revealed no crack extension. These preliminary
results suggest that stress corrosion cracking
should not occur in the expected environment of an
NWRB. However, longer term tests (20,000 hr) are
in progress at 250°C and will continue through
FY 1984 to improve the reliability of the data.
Crack growth rate studies on LCS will continue to
establish limiting stress/flaw size combinations
for inclusion in the Waste Package Advanced Conceptual Design Requirements.

The packing material component of the waste package must (1) minimize canister corrosion by delaying water contact with the canister, by reducing
groundwater flux past the canister, b: lowering
the oxygen concentration near the canister, and by
retaining corrosion products at the canisterpacking material interface; and (2) minimize
releases of radionuclides from the waste package
by diffusional control of mass transport and by
radionuclide solubility control.

8 9(0.351.8.9(0.35),
10.7(0-42)

NOTE: * = 6.7 ym/yr and o = 2.8 calculated for exposure tiroes > 5 months.
Preliminary SSR data have been developed on wrought
AISI 1020 LCS by Pacific Northwest Laboratory for
the BWIP. In SSR tests, the susceptibility of
metals to environmentally assisted cracking can be
indicated by (1) loss of ductility relative to an
inert environment, (2) ductility diminuation at
particular SSRs relative to other strain rates,
and (3) fractographic evidence of embrittlement.
At 150°C under oxic groundwater conditions
(80% argon/20% oxygen groundwater sparge), the
tests showed only slight evidence of environmentally assisted cracking. During FY 1984, SSR
studies will continue on LCS and Fe9CrlMo alloy
steel in reference groundwater both in the presence
and absence of gamma radiation.
The susceptibility of canister materials to brittle
failure in the presence of static tensile stress
and synthetic Grande Ronde Basalt groundwater is
being assessed for the BWII> by Westinghouse Hanford
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The packing material testing effort is scoped to
provide sufficient data on the behavior of candidate packing mixtures to assess their ability to
meet the above requirements. These data are
required to: (1) recoimiend reference packing materials for waste package design, (2) define designrelated thermal, mechanical, physical, and compositional limits, and (3) predict the long-term
performance of these materials under repository
conditions. To date, testing has been directed
toward measurement of the relevant physical and
chemical properties of two candidate packing material components, crushed basalt and bentonite.
These materials have been tested alone and as mixtures. The current BWIP waste package conceptual
design specifies a packing material composed of a
75% crushed basalt/25% sodium bentonite mixture.
Data have been collected to define the properties
of crushed basalt and bentonite under the conditions of an NWRB. These properties include chemical stability, hydraulic conductivity, thermal
conductivity, radionuclide sorption capability,
and radionuclide solubilities in the packing
material. The results of testing in each of these
areas are briefly summarized in the following paragraphs .
The chemical stability of packing materials was
investigated under both dry and groundwatersaturated conditions at or above the maximum temperatures expected in the repository. It was found
that irreversible dehydration of sodium bentonite
is not likely to occur below 370OC. Structural
water was retained and the bentonite maintained

sorbed in reducing groundwater. The solubilities
of most of these elements have not yet been
reliably determined. Preliminary results Indicate
solubilities of -10-8 mol/i_ and -10-10 mol/L for
radium and americium, respectively, at 60°C 1n the
packing material.

Its swelling properties after -1 yr of dry heating
at 370°C..' 'Therefore, bentonite is expected to
swell during resaturation of the waste package
packing material and provide a low permeable medium
around the canister.
Under hydrothermal conditions, little or no reaction was observed in bentonite/groundwater or
basalt/bentonite/groundwater systems at 150°C after
several months. In basalt/bentonite/groundwater
tests at 300°C, the major alteration reaction
observed was dissolution of the basalt glass phase
followed by precipitation of smectites, zeolites,
quartz, and Cristobalite. Bentonite reactions
were minor, yielding albite and quartz and possibly
small amounts of mixed-layer potassium-and sodiummohtmorillonite and/or illite-smectite. These
preliminary observations suggest that a basalt/
bentonite packing material may remain stable over
long periods of time or r.zy be altered to minerals
that enhance performance with time by reducing
hydraulic conductivity and porosity and increasing
the radionuclide sorption capacity.

Additional data are required to adequately characterize the properties of packing materials. Work
is In progress to determine the hydrothermal reactions likely to take place at lower temperatures
(e.g., <150°C) over longer time periods. In particular, the potential for smectite-to-1llite
alteration is being investigated. Further work is
planned clarify the behavior of radionuclides
(sorption, desorption, precipitation, dissolution)
in packing materials/groundwater systems. In addition, the effects of radiolysis and organic complex
formation will be studied. Static diffusion tests
will provide diffusion coefficients for radionuclides in packing material so that radionuclide
mass transport can be estimated. Physical properties such as thermal conductivities for
groundwater-saturated packing materials and associated swelling pressures will also be measured.

Hydraulic conductivity measurements on packing
material mixtures of 75% basalt/25% bentonite indicate that values of —10-8 cm/sec or less are
achievable at bulk emplacement densities of
~1.7 g/cm3 or more. It is significant that this
hydraulic conductivity is less than that required
to maintain diffusional control. A bulk density
of 1.7 g/cnw corresponds to a porosity of -40%.
This density is expected to be easily attained by
the pneumatic backfilling process for the packing
material presently being evaluated by the BWIP.
Therefore, these data suggest that mass transport
through the packing material component will be
controlled by diffusion. Hydraulic conductivity
values were found to be insensitive to temperatures
up to 90°C.

PERFORMANCE EVALUATION
The waste package perfonnance evaluation activity
is concerned with the development of (1) a waste
package performance model to describe waste package
containment times, degradation processes, radionuclide release behavior, and performance reliability under the conditions expected in a repository,
(2) a waste package design model that is used to
determine waste package performance requirements
based on site performance, and (3) a series of
models to describe the effect of environmental
parameters (heat, fluid flow, geochemistry, stress,
radiation, etc.) on materials performance. Also
included in this activity is the development and
conduct of engineering-scale field and in situ
tests to confirm waste package design and performance predictions.

Thermal conductivity tests were performed on dry
mixtures of crushed basalt and bentonite. The
parameters studied were: percent bentonite by
weight in the mixture, particle size of the crushed
basalt, temperature, and density. Measured values
of thermal conductivity ranged from 0.3 to
0.9 W/°C-m. As expected, density has the greatest
effect on thermal conductivity (increasing density
increases thermal conductivity). Temperature and
basalt particle size have no measurable effect,
but mixtures with higher percentages of bentonite
have greater thermal conductivities.

A heat transfer computer code, HEATING5, has been
modified and used to predict the peak temperatures
expected in components of the waste package by
evaluating the transient and steady-state temperatures of the repository system. Heat transfer
analyses have been performed for different waste
types (commercial high-level waste, defense highlevel waste, and spent fuel) and for both early
and delayed emplacement of backfill. It was found
that peak temperatures are highest for commercial
high-level waste and lowest for defense high-level
waste and that delaying backfill emplacement will
result in lower peak temperatures for waste package
materials.

The important key radionuclides (uranium, plutonium, neptunium, americium, and radium) were found
to be extensively sorbed on the packing material
solids. Sorption of uranium, plutonium, and neptunium is greater under reducing conditions where
these elements are in their lower oxidation states.
These sorption reactions appear to be irreversible
since the slopes of their desorption isotherms are
. much les.s. than, slopes of their sorption isotherms.
This sorption hysteresis effect is expected to
decrease the mobility of the radionuclides in packing material.

A one-dimensional computer code, TRANSPORT, was
developed to identify important (key) radionuclides
based on their predicted transport to the accessible environment. The model was limited to radionuclides not subject to ingrowth and thus ignores
potentially important radionuclides such as 23?Np,
226Ra, and 210pb. . it 1was
found that nonsorbing
radionuclides such as 4 C. 129T and 99Tc are
significant as well as 238u, 126sn, 79s e , 242>u,
107pd, and 93z r . A recently developed code, RANCH,

Under oxidizing conditions technetium and selenium
are anionic and, thus, only slightly sorbed by
packing material. They are, however, strongly
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will provide the necessary information for the
preparation of waste package advanced conceptual
design requirements during FY 1984.

will be used to extend this analysis to Include
long-lived daughter radionuclides that are key to
repository performance because of their transport
properties.

Tests of hydrothermal reactions between basalt and
simulated Grande Ronde Basalt groundwater showed
that Eh conditions that were Initially oxidizing
became progressively mors reducing as oxygen was
consumed by the oxidation of ^ferrous iron released
by the dissolving (glass) mesostasis. The pH of
samples periodically withdrawn from the autoclaves
decreased rapidly from a value of 9.8 and then
rose to stable values of 7.5 and 7.6 at 200° and
300°C, respectively. Hydrothermal tests show that
basalt will reduce radionuclide releases from waste
forms under conditions simulating those expected
in an NWRB. As an example, in testing of Tc-doped
borosilicate glass, steady-state concentrations of
Tc in solution were found to be about three orders
of magnitude lower when basalt was present. Hot
cells have been prepared and hydrothermal testing
using fully radioactive waste forms was initiated
by the BWIP on November 1, 1983. An extensive
program to test waste package components in the
presence of radioactive waste forms and to assess
the effect of basalt and barrier materials on
releases of key radionuclides from waste packages
under repository conditions has been developed for
the hot-cell facility.

A transport model has been developed and used to
calculate radionuclide releases from the waste
package into the host basalt. Cumulative release
over 10,000 yr, maximum yearly releases, and
release rates at the packing material/host basalt
Interface for key radionuclides have been evaluated. The results of this evaluation Indicate
that release rates from the waste packages should
be controlled by diffusion. The major parameters
that were important in controlling release were
found to be: radionuclide solubilities and isotopic ratios, porosity of the basalt around the
waste package, and the surface area of the waste
package/basalt interface. The results also
suggest that the waste package will mset .
Environmental Protection Agency (1982) and Nuclear
Regulatory Commission (1983) requirements at the
waste package/host basalt boundary if the assumed
solubilities used in the analysis are confirmed
experimentally.
Future work in performance evaluation will emphasize evaluation of existing codes and development
of new codes, if required, to predict radionuclide
release and waste package degradation. This will
involve performing sensitivity analyses to
identify key parameters in the models, validation
of models, and performing verification and
benchmarking tests of the codes. A probabilistic
method will be developed and used to ascertain the
effects of data and process uncertainties. The
relative reliability (probability of meeting a
quantitative performance requirement) will be
established for various waste package
configuration alternatives. This will provide
information to choose among the more promising
design alternatives.

Corrosion testing of the BWIP reference canister
material, LCS, and the two backup materials,
Fe9CrlMo alloy steel, and 90-10 Cupronickel are
being conducted to develop a reliable data base
for waste package design and modeling activities.
Exposure of LCSs with varying carbon'content at
temperatures from 100° to 300°C in the presence of
the basalt/bentonite backfill showed that, under
the conditions of the test, corrosion rate was
independent of carbon content. Also, corrosion
rates generally decreased with increasing temperature. This feature was attributed to the tenacity
and degree of development of an iron-rich clay
surface corrosion product that became more protective as the temperature increased. Testing to
date also shows that under oxic conditions and at
high flow rates (35 mL/hr), the corrosion rates of
iron-base materials increased two to three times
in the presence of gamma radiation. Preliminary
SSR testing of LCS in repository-specific groundwater showed a slight susceptibility to stresscorrosion-cracking, whereas early results of static
crack growth testing under equivalent conditions
revealed no tendency toward stress-corrosioncracking.

Two engineering tests are planned that expose
full-scale waste packages to simulated repository
conditions. The canisters contain controlled
heaters to simulate radiogenic heat. A backfill
performance test will measure the rate of
groundwater saturation under a temperature
gradient, and'a materials degradation test will
measure canister corrosion rates and backfill
degradation.' A detailed test plan for the two
engineering tests (the backfill performance test
and the materials degradation test) will be
completed during FY 1984.

Studies of the effects of radiation on corrosion
and mechanical behavior will continue in FY 1984.
Studies to develop pitting kinetics will be initiated. In addition, long-term corrosion tests will
be started to improve the corrosion data base for
waste package performance modeling.

SUMMARY
This paper presents the static of the BWIP waste
package materials testing, modeling, and design
activities and plans for continuing these activities through FY 1984. The first in a series of
design activities leading to the final design of
waste packages that will reliably meet Federal
performance criteria has been completed. These
activities have led to the development of waste
peckage conceptual designs for commercial and
defense high-level waste (borosilicate glass) and
spent fuel rods. Planned engineering studies,
together with an improved materials data base,

Irreversible dehydration of the crushed basalt/
bentonite reference packing material is not
expected to occur at temperatures below 37O°C as
demonstrated in thermal testing. At 300OC exposure
it was found that bentonite reactions were relatively minor and chemical stability was little
affected. Thus, the reference packing material
(75% crushed basalt/25X bentonite) may remain
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RHO/AESD, Waste Package Conceptual Designs
f o r a Nuclear Repository In Basalt,
RHO-BW-CR-136 P/AE5D-TME-3142, ROCkwel1
Hanford Operations, Richland, Washington,
1982.

stable over long periods of time. Measured
hydraulic conductivity of packing material was
found to be s i g n i f i c a n t l y less than that required
t o maintain diffusional control of radionuclide
releases, an expected means of c o n t r o l l i n g radionuclide mass transport through the packing mater i a l . Sorption hysteresis effects observed 1n
recent radionuclide sorption studies are expected
to decrease the m o b i l i t y of radionuclides In the
packing m a t e r i a l . During FY 1984, hydrothermal
long-term (up to 5 y r ) packing material s t a b i l i t y
tests at 150°C w i l l be i n i t i a t e d . The measurement
of thermal conductivity of saturated packing mater i a l s w i l l be i n i t i a t e d . Measurement of packing
material physical properties (swelling, hydraulic
conductivity, e t c . ) w i l l continue.

RKE/PB, Conceptual System Design Description,
Nuclear Waste Repositoryy iin
n BBasalt,
Project
<
o l s . , AA Joint
B-301, SD-BWI-SD-005 REV 0-0, 3 vols.,
Venture of Raymond Kaiser Engineers Inc./
Parsons BHnckertroff Quade & Douglas, Inc.,
for Rockwell Hanford Operations, Richland,
Washington 1983.
WTSD, Waste Package Backfilling Process
Development Analysis Plan, WTSD-TME-007.
Westinghouse Electric Corporation,
Pittsburgh, Pennsylvania, 1983a.

Models are being developed to allow prediction of
waste package r e l i a b i l i t y , degradation, and radionuclide release. In a d d i t i o n , two engineering
test plans have been comple*,-i-J I T tests that
employ f u l l - s c a l e waste paci<=ige>'to measure the
rate o f packing material saturation under a thermal
gradient and the degradation of waste package cani s t e r and packing material using canister heaters
to simulate radiogenic heat.

WTSD, Waste Package Backfilling Process Development F1nal Peg1gn Report, WTSD-TME-006,
Westinghouse Electric Corporation,
Pittsburgh, Pennsylvania, 1983b.
WTSD, Waste Package Backfilling Process Development Operating Plan, WTSD-TME-016. Westinghouse Electric Corporation, Pittsburgh,
Pennsylvania, 1983c.
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THE NEAR-FIELD WASTE PACKAGE ENVIRONMENT IN BASALT
AND ITS EFFECT ON WASTE FORM RELEASES
Marcus I. Wood, John F. Relyea,
Jon Myers, and Michael J. Apted
Basalt Waste Isolation Project
Rockwell Hanford Operations
Rich!and, Washington
ABSTRACT
A licensabie waste package for a nuclear waste
repository in basalt must control long-term radionuclide release to the host rock within approved
limits as defined by regulatory criteria. Demonstration of satisfactory long-term performance
requires experimental data that characterize radionuclide behavior in the acceptable geochemical waste
required to predict the long-term release of radiorequired to predict the long-term release of radionuclides from the waste package into the host rock.
Experimental data are summarized that pertain to
radionuclide behavior in the nuclear waste repository in basalt waste package (e.g., oxygen consumption, hydrothermal reactions, hydraulic conductivity). A simple, one-dimensional, composite
media transport, model is described that provides
calculations of maximum radionuclide release rates
and cumulative releases (over 10,000 yr) at the
waste package packing material/host rock interface
on a radionuclide-by-radionuciide basis. The model
demonstrates that radionuclide release from the
waste package is linearly dependent on the solubility values chosen for the radionuclides of
interest. The calculated releases are compared
with Nuclear Regulatory Commission and Environmental Protection Agency criteria as well as the
available experimental data. The experimental
data indicate that the maximum release rates and
cumulative releases of the radionuclides technetium, neptunium, and plutonium from the waste
package should satisfy Environmental Protection
Agency and Nuclear Regulatory Commission
requirements.
INTRODUCTION
The long-term performance goal of a nuclear waste
package placed in a nuclear waste repository in
basalt is to provide acceptable control of radionuclide release from the waste package into the
host rock. Demonstration of satisfactory longterm waste package performance requires two kinds
of information. First, experimental data must be
gathered that accurately characterize radionuclide
transport through the waste package under expected
geochemical conditions. Second, a predictive model
of radionuclide transport through the waste package
into the host rock must be developed that estimates
radionuclide release rates and cumulative releases
over long periods of time (~10,000 yr). In this

paper the available data are summarized that
describe radionuclide behavior in the waste
package. The data are used to derive assumptions
underlying the development of a transport model.
A simple composite medium (packing material and
host rock) transport model is presented that is
used to predict radionuclide release from the waste
package. Calculated radionuclide releases-are
compared with Nuclear Regulatory Commission/
Environmental Protection Agency (NRC/EPA) release
criteria and available experimental data.
EXPERIMENTAL DATA
During the construction of a nuclear waste repository in bassit important geochemical parameters
in the basalt system that can affect radionuclide
behavior will be significantly perturbed. Oxygen
will be Introduced into the system and partial
desaturation of the repository area will occur.
Once waste packages are emplaced, both thermal and
radiation effects will be imposed on the system.
Consequently, following backfilling and closure of
the repository a complex series of chemical and
physical processes will be initiated as the basalt
system attempts to return to its previous state.
These processes and geochemical variables will
have essentially no effect on radipnuclide behavior
until the repository system (particularly the waste
package packing material) is saturated. Because
the time required to saturate the packing material
is not well known (due to uncertainties in temperature gradients and hydrologic properties of the
basalt), the temperatures and radiation fluxes
that coincide with the saturated condition in the
waste package are also difficult to predict.
Consequently, all experimental work involving
radionuclide behavior that is conducted by the
Basalt Waste Isolation Project is completed under
hydrothermal conditions in which tempera! ire and
radiation flux are varied. Furthermore, until
corrosion of the canister proceeds to the point of
breaching, waste form/groundwater reactions that
lead to radionuclide release into the geologic
system cannot occur.
Given this sequential process, two kinds of experiments are being completed to adequately characterize radionuclide behavior. First, the interaction
of groundwater with basalt, packing material, and
canister material are being characterized. The

300

most important data resulting from these interactions with regard to radionuclide behavior are the
redox state (Eh) of the groundwater, and the potential increase in aqueous species concentrations
and/or colloids that might complex with radionuclides. in general, imposition of a reducing
environment (low Eh) will minimize the solubility
of multivalent radionuclides, thereby reducing
radionuclide mobility and release from the waste
package. On the other hand, an increase in aqueous
radionuclide complexd.tts and/or colloids in the
groundwater prior to interaction with the waste
form may increase radionuclide mobility. Second,
the interactions of groundwater with radionuclides
and/or the radionuclide-bearing waste form and
other waste package components are being characterized. The most important data resulting from
these tests are the observed partitioning of radionuclides between solid and liquid as a function
of time, temperature, radiation, and the presence
of waste package component materials. The primary
results of the experiments completed to date are
summarized below.
In addition to the chemical processes that affect
radionuclide behavior, physical processes also
affect radionuclide release from the waste package.
In particular, mass transport through the waste
package packing material following canister breaching and waste form dissolution must be characterized. Experimental hydraulic conductivity data
are also summarized below that have been used to
choose the mathematical expression for transport
in the predictive model.

presumably through dissolution of basalt glass and
oxidation of ferrous iron released from the glass.
Although this technique is not sensitive enough to
measure the highly reducing (low Eh) condition
expected to occur at equilibrium (i.e., oxygen
content is not measurable at low Eh), it does provide an indication that the interaction of crushed
basalt with groundwater will result in a deoxygenated environment in the packing material in a
relatively short period of time.
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Fig. 1 Dissolved oxygen consumption data from the
basalt/synthetic Grande Ronde Basalt groundwater
system.
Other experitnental evidence also suggests that
reducing conditions will be achieved in the repository over the expected range of temperatures. In
hydrothermal experiments in the crushed basalt/
synthetic groundwater system at 300°C, a sulfide
odor was detected in solution samples (Apted and
Myers 1982). Reduction of sulfate has been
postulated as a possible source of the sulfide
gas, a reaction that can only occur under extremely
reducing conditions. Similar reactions were not
observed in parallel experiments at <3000C, suggesting that the reaction was kinetically inhibited
because of the lower temperatures.

Chemical Processes
The rcdox state in the waste package is expected
to change with time as the basalt near the waste
package and the crushed basalt in the packing
material react with incoming oxygenated groundwater. Several preliminary experiments have been
completed to measure the rate of oxygen consumption in a crushed basalt groundwater system (Lane
et al., in press). In these experiments, crushed
Grande Ronde Basalt (-120 to +320 mesh) and simulated Grande Ronde Basalt groundwater were placed
in a Dickson-type rocking autqclave and held at
different temperatures up to 3,000 hr. The groundwater was initially air saturated (~8 mg/L of dissolved oxygen). This experiment simulates the
initial waste package packing material/groundwater
interaction during or shortly after the packing
material saturation period. During this time
period, crushed basalt in the packing material
(~75X by weight of the packing material component)
will react with incoming groundwater that has equilibrated with air during the operational phase of
the repository.

Recent experiments involving deoxygenated, deionized groundwater and crushed basalt indicate that
a measured Eh of -0.4 V can be achieved in the
system at 70°C in <200 hr (Jantzen 1983). Again,
oxidation of ferrous iron dissolved out of basalt
glass is the expected mechanism for the decrease
in the redox state. However, a parallel experiment
using crushed basalt and simulated Grande Ronde
Basalt groundwater rather than deionized water
resulted in a minimum Eh of ~0.0 to -0.1 V. It is
postulated that the lower initial pH in the basalt/
deionized system (near neutral) was sufficient to
allow larger concentrations of ferrous iron to
enter into solution and increase the rate of reduction. Given enough time, equal amounts of ferrous
iron should dissolve in the crushed basalt/
synthetic groundwater system resulting in the same
reducing environment as that observed in the deionized water/basalt system.

The experimental data are shown in Fig. 1. A comparison of the 150°C data in the synthetic groundwater system versus the synthetic groundwater/
crushed basalt system is particularly revealing.
In the synthetic groundwater system dissolved oxygen content is essentially unchanged with time,
but the addition of crushed basalt lowers the
oxygen content in solution from ~8 to ~0.4 mg/L
after 8 days. These data indicate that basalt has
the ability to remove oxygen from solution rapidly,

An extensive set of hydrothermal experiments has
been completed for various subsystems of the waste
package system, especially the basalt/groundwater
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flux through the waste package. In the waste package, transport occurs primarily in the packing
material and preliminary experiments have been
completed to measure hydraulic conductivity values
in reference packing materials (75% crushed
basalt/25X bentonite).

and basalt/bentonite/groundwater systems. A
smaller data base presently exists for hydrothermal experiments Involving radionuclide-bearing
waste forms and crushed basalt. Experimental
efforts at the Basalt Waste Isolation Project are
now being concentrated in this area.
Some preliminary results involving key radionuclides are shown in Fig. 2 and 3. In Fig. 2, the
behavior of technetium (Tc) in Tc-doped borosilicate glass in the presence of synthetic groundwater
and of synthetic groundwater + crushed basalt is
shown as a function of time. Two significant
points are illustrated in this figure. First, the
concentration of Tc in solution quickly approaches
a steady-state value with time. This behavior is
typical of all aqueous species in hydrothermal
systems. The steady-state condition may or may
not be an equilibriun condition but i t does represent a balance of dissolution and precipitation
reactions that occur continuously. Second, the
addition of basalt to the system causes the steadystate concentration of Tc to drop by approximately
four orders of magnitude. This behavior suggests
that basalt reacts with groundwater to remove
oxygen from the system and reduce the redox state
in the system, thereby reducing the"valence state
of Tc from +VII to +IV and reducing the maximum
concentration of Tc that can exist in solution.
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Fig. 3 Steady-state concentrations of neptunium
and plutonium in the borosilicate glass/synthetic
groundwater system.
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Hydraulic conductivity measurements that have been
made recently are shown 1n Fig. 4. Hydraulic conductivities have been measured as a function of
density and temperature. Although the data scatter
is rather large, the data indicate that hydraulic
conductivity decreases with increasing density,
but is independent of temperature up to 90°C within
experimental error.
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Fig. 2 Steady-state concentrations of technetium
in the borosilicate glass/synthetic groundwater
and the borosilicate glass/crushed basalt/synthetic
groundwater system.
In Fig. 3, the behavior of neptunium (Np) and plutonium (Pu) in the borosilicate glass/synthetic
groundwater system is shown. As with Tc, it is
important to note that Np and Pu quickly approach
a steady-state value in solution.
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Physical Processes
Fig. 4 Hydraulic conductivity measurements of
candidate packing material composition (75* crushed
basalt/25% sodium bentonite) as function of density
and temperature.

Once radionuclides are released into solution in
the waste package, their transport will be dependent on the flow of groundwater through the packing
material and the host rock. To minimize release
rates, it is desirable to minimize groundwater

302

APPLICATION OF EXPERIMENTAL DATA TO
RADIONUCLIDE TRANSPORT MODELING

10"

I

The implications of the experimental data described
above have been used to develop assumptions that
define a predictive model for estimating radionuclide release from the waste package. The
following key assumptions have been derived from
the experimental data:
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• A steady-state concentration exists for a given
radionuclide in solution at the waste form/
packing material interface as long as the inventory of that radionuclide in the waste form
exceeds the maximum solution concentration.
This assumption is supported by the observation
of steady-state concentrations for aqueous
species in hydrothermal experiments.
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• The maximum solution concentration (i.e., solubility) at the waste form/packing material
interface will be determined by the redox state
imposed by the interaction of crushed basalt in
the packing material with groundwater. The
experimental data (e.g., Fig. 1 and 2) suggest
that reducing conditions will prevail. Consequently, solubility input to the model for a
given radionuclide should be chosen on the basis
of estimated solution solubilities from experimental and theoretical data under reducing conditions. Thermodynamically based estimates of
radionuclide solubilities have been made assuming an Eh value o f — 0 . 3 V (Early et al. 1983).
This value is considered to be an "average"
approximation of the expected redox state in
the waste package under steady-state conditions
based on available experimental and theoratical
data.
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Fig. 5 Effects of v e l o c i t y on cumulative f l u x
from a waste package with d i f f u s i o n c o e f f i c i e n t
(D o ) = 10-6 C m2/sec.
MODEL OF DIFFUSIVE RADIONUCLIDE
"RELEASE FROM THE WASTE PACKAGE

In this section, the analytical solution for d i f f u sion in a one-dimensional, semi-infinite, composite
media column is summarized. Estimates of maximum
release rates and cumulative releases over
10,000 yr for individual radionuclides are compared
to NRC and EPA requirements. From these comparisons, radionuclide solubilities are derived that
must exist at the waste form/packing material boundary such that both the NRC and EPA criteria are
met at the waste package/host rock boundary. These
solubilities are compared to available experimental
data.

• Mass transport through the packing material
will be dominated by diffusion and radionuclide
release from the waste package (i.e., at the
packing material/host rock interface) and can
be estimated by calculating diffusional mass
flux only.
The third assumption is supported by a simple analytical one-dimensional, semi-infinite medium model
that determines maximum release rates and cumulative releases of radionuclides for both advective
and diffusional transport. Release estimates were
determined as a function of the assumed Darcian
velocity and diffusion coefficient of water moving
through the packing material. Figure 5 shows that
as velocity decreases, diffusion controls release
for longer periods of time. Over the time period
of interest (-10,000 yr), a groundwater velocity
<3.2 x 1Q~1O cm/sec is sufficient to prevent any
significant contribution to radionuclide release
due to advection. A velocity of 3.2 x 10" 1 0 cm/sec
assuming a head gradient (AH) of 10-3 an(j a porosity (<)>) of 0.3 in the packing material corresponds
to a hydraulic conductivity value of 1 x
10-8 cni/sec. Hydraulic conductivity measurements
(Fig. 4) indicate that hydraulic conductivities of
sl.O x 10-8 cm/sec can be achieved at packing
material densities al.7 g/cm3.

I

The model represents a sequential configuration
composed of an inner boundary at the waste form/
packing material interface, a 15-cm thickness of
packing material, a packing material/host rock
interface, and an infinite thickness of host rock.
In addition to the three boundary conditions
described above, i t is assumed that mass flux out
of the packing materials is equal to mass flux
into the host rock. This is mathematically
described as
SCj
J

l =

D2^2
ax
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(i)

where

COMPARISON OF RAC1ONUCLIDE RELEASES
WITFTNueiEAR REGULATORY COMMISSION
AND ENVIRWMENTAL.PROTECTION
AGENCY CRITERIA

mass flux
porosity
diffusion coefficient
solution concentration
distance
time.
The subscripts 1 and 2 refer to the packing material and host rock, respectively. The analytical
solution to Equation 1, which is found in Carslaw
and Jaeger (1959) and Crank (1975), can be modified
to incorporate the effects of retardation. Having
solved for J, the waste package release for any .'
given time can be calculated from
q « iAJ

(2)

where
q

waste package release
isotopic ratio of the radioisotope to
the total amount of the element
area of the packing material/host rock
Interface
flux.

A maximum release rate can be determined by differentiating Equation 2 with respect to time and setting it equal to zero. This yields the following
expression:
MAX.

r 2iA yo( p i p 2)*

00

(-0.98)" exp -

(3)

IFO
Examination of Equation 3 shows that the maximum
release rate is dependent on the porosity of the
rock ( 2 ) , radionuclide solubility (C o ), and the
diffusion coefficients in the two media.(Di and D2).
Cumulative release can be calculated by integrating
Equation 2 over the time period of interest. This
leads to an approximate solution

QWP

(4)

which holds as long as the porosity of the rock is
much less than the porosity of the packing material.
Examination of Equation 4 shows that the parameters
that most affect cumulative release are A, <j>2,
and C o .
This analysis indicates that the solubility of an
individual radionuclide is the crucial variable
affecting the value of both maximum release rates
and cumulative releases. Thus, it is clear that
maintenance of a reducing environment in the waste
package significantly enhances waste package
control of radionuclide release by minimizing the
solubility of several important radionuclides
(e.g., Tc, Np, Pu, uranium (U)).

Both the NRC criteria (NRC 1983) and the EPA criteria (EPA 1982) have defined long-term radionuclide release criteria in terms of the engineered barrier system and the entire repository
system, respectively. However, radionuclide
release criteria for the various components of the
system have not been defined. A simple and conservative method of measuring waste package performance is to assume that the radionuclide release
criteria will be met at the waste package/host
rock boundary. The NRC has specified that a maximum allowable maximum release rate of one part in
105 of the total inventory at 1,000 yr exists at
the boundary between the engineered barrier system
. and the host rock. However, the fractional release
rate criterion does not apply to those radionuclides whose maximum yearly releases are less than
one part in 10 8 of the total inventory at 1,000 yr
(-1.7 Ci/yr; NRC 1983).
The EPA requirement defines maximum allowable cumulative releases at 10,000 yr for individual radionuclides at the accessible environment. The EPA
also stipulates that the sum of the ratios of estimated over-allowable cumulative releases for all
radionuclides must not exceed unity. The accessible environment 1s not defined as the waste
package/host rock boundary. However, demonstration of this performance goal at the waste package
boundary considerably enhances the capability of
the total repository system (waste package, underground facilities, and host rock) to satisfy EPA
criteria. If all three subsystems satisfy EPA
requirements independently, redundancy is achieved.
Consequently, required subsystem reliability can
be substantially reduced without lowering the high
level of reliability required of the total repository system.
By comparing calculated maximum yearly release
rates with one part in 105 and maximum yearly
releases with the maximum allowable yearly release
(~1.7 Ci/yr), it can be determined if the waste
package can adequately control the release of a
particular radionuclide to satisfy NRC requirements. If the radionuclide release exceeds these
criteria, a solubility at the waste form/packing
material interface can be calculated that will
allow the criteria to be met. Similarly, calculated cumulative releases over 10,000 yr can be compared to the EPA limit. If release exceeds the
limit, a solubility can be calculated that will
prevent excessive radionuclide release beyond the
EPA limit. Finally, by comparing required solubilities to meet both NRC and EPA requirements, an
overall required solubility can be determined that
will satisfy both criteria.
Radionuclide release calculations have been done
for estimated spent fuel inventories (DOE 1979)
and commercial high-level waste inventories (Slate
et al. 1981). A range of solubilities for each
radionuclide (Salter and Jacobs 1983) was put into
the model and the most conservative values (i.e.,
the largest expected solubility under reducing
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conditions) were used to calculate releases and
release rates for comparison with EPA and NRC
requirements.' Those radionuclides whose releases
were not adequately controlled by the waste package
alone are shown in Table 1 along with the overall
solubilities needed to meet the regulatory
requirements.
Table 1 Summary of solubility limits
required at the waste package waste
form/packing material interface.
Nuclide
79se
135 Cs
238 P u
240 P u
241Am
245Cm
246 Cm

• Assuming that reducing conditions will be maintained in the waste package, the maximum yearly
release rates and cumulative releases of Tc,
Np, and Pu from the waste package into the host
rock appear to be below limits specified by the
NRC and EPA.
Although much experimental work remains to be completed (particularly with regard to radiation
effects) the data base indicates that the waste
package is potentially capable of satisfactorily
controlling the long-term release of radionuclides
to the host rock.

Concentration (mol/L) 2 *
highSpent fuel Commercial
level waste
1.1E-4
4.8E-4
7.0E-8
3.2E-7
5.0E-10
3.2E-8
1.8E-7

• Radionuclide release rates and cumulative
releases are primarily dependent on the solubility of the radionuclide of interest.

1.1E-4
4.8E-4
7.0E-S
2.5E-7
8.3E-10
5.3E-8
2.9E-7

REFERENCES
Apted, M. J. and J. Myers, Comparison of the
H.ydrothermal Solubility of Simulated Spent
Fuel and Borosilicate Glass in a Basaltic"
Environment, RHO-BW-ST-38 P, Rockwell Hanford
Operations, Richland, Washington, 1982.
Carslaw, H. S. and J. C. Jaeger, Conduction of
Heat in Solids, Clarendon Press, Oxford, 1959.
Crank, J., The Mathematics of Diffusion, Clarendon
Press, Oxford, 1975.

•Concentrations are those required
to limit individual radionuclide
release
to 0.1 EPA limit and NRC 10" 5 release
rate or 1.7 Ci annual release.

DOE, Technology from Commercial Radioactive Waste
Management, Vol. 1, DOE/ET-0028, Department
of Energy, Washington, D.C., 1979.

Having derived required solubilities on the basis
of model calculations, a method for measuring waste
package performance can be quantified. This can
be done by comparing the calculated required .solubilities with steady-state concentrations observed
experimentally in hydrothermal systems involving
waste forms, waste package components, and host
rock. For example, in Fig. 2 and 3, the required
solubilities for Tc, Np, and Pu are shown as dotted
lines. Comparison of the observed steady-state
concentrations with the calculated solubilities
indicates that release of these radionuclides from
the waste package can be satisfactorily controlled
at the waste package/host rock interface and that
waste form performance appears adequate. It is
important to note that these results are preliminary and much work remains to be completed to
determine the effects of other parameters, particularly radiation.

EPA, Radiation Protection, Subpart B —
Environmental Standards for Disposal, Title 40
Code of Federal Regulations Part 191, Draft
19, U.S. Environmental Protection Agency,
Washington, D.C., 1982.
Early, T. 0.. G. K. Jacobs, and D. R. Orewes,
Geochemical Controls on Radionuclide Releases
from a Nuclear Waste Repository in Basalt:
Estimated Solubilities for Selected Elements,
RHO-BW-ST-39, Rockwell Hanford Operations,
Richland, Washington, 1983.
Omtzen, C. M., "Methods of Simulating Low Redox
Potential (Eh) for a Basalt Repository,"
(abstract) Seventh International S.ymposium on
the Scientific Basis for Nuclear Waste Management, Boston, Massachusetts, 1983.

CONCLUSIONS
A summary of available experimental and transport
modeling data that relates to radionuclide behavior
and release from the waste package in a nuclear
waste repository in basalt has been presented
above. Based on these data, the following preliminary conclusions have been reached:

Lane, D. L., T. E. Jones, and M. H. West,
"Preliminary Assessment of Oxygen Consumption
and Redox Conditions in a Nuclear Waste
Repository," Geochemical Behavior of Disposed
Radioactive Waste-American Chemical Society
S.ymposium Series, American Chemical Society,
Washington, D.C., (in press).

• The interaction of crushed basalt and groundwater is likely to lower the redox state in the
waste package and radionuclide solubilities of
important multivalent radionuclides (Tc, U, Np,
Pu).

NRC, Disposal of High-Level Radioactive Wastes in
Geologic Repositories: Technical Criteria,
Title 10 Code of Federal Regulations Part 60,
U.S. Nuclear Regulatory Commission,
Washington, D.C., 1983.

• Mass transport through the waste package packing
material will be controlled by diffusion.

305

Salter, P. F. and 6. K. Jacobs, BWIP Data Package
for Reference Solubility an? Kw ValuesT
SD-BWI-DP-OO1, Rockwell Hanford Operations,
Richland, Washington, June 16, 1983.
Slate, S. C , W. A. Ross, and W. L. Partain,
Reference Commercial High-Level Waste Glass
amTtanister Definition, PNL-3838, Pacific
Northwest Laboratory, Richland, Washington, 1981.

306

OVERALL SYSTEMS CONSIDERATIONS IN
NUCLEAR WASTE PACKAGING AND HANDLING

Dry storage in casks offers more flexibility in
storage capacity. Dry storage in casks,
however, has not been licensed by NRC. DOE
recently selected and is negotiating cooperative
agreements with Virginia Electric Power Company
and Carolina Power and Light Company to
demonstrate dry storage methods and obtain
sufficient information for the utilities to
license this storage concept.

Carl W. Conner
Acting Director
Waste Systems Development Division
U.S. Department of Energy
Washington, DC
The Nuclear Waste Policy Act of 1982 not only
established a U.S. nuclear waste management
policy and committed the Government to start
accepting waste in 1998, it outlined a whole
waste management system for the back-end of the
fuel cycle. This waste management system
consists of several components including a
geologic repository, a possible second
repository, one or more possible Monitored
Retrievable Storage facilities (MRS), at-reactor
storage by the utilities, Federal Interim Storage
(FIS) for not more than 1900 MTU, spent fuel
research and development, and transportation of
the waste, as necessary.

Dry storage casks may also be shippable. If
shippable dry storage casks can lie licensed, the
utilities can reduce handling costs by only
loading the casks once for storage and not have
to unload and transfer fuel to a transport cask
for transportation off-site at a later date. I
will talk more about this concept later.
Federal Interim Storage will only become a
reality if a certified need arises, and even
then the maximum amount of spent fuel that will
be stored is 1900 MTU. This is such a small
amount of fuel that it will not be considered as
a part of our systems analysis.

The individual components of the system are not
new concepts in themselves, but the combination
of these components into an interrelated system
is unique. Research on geologic disposal in
various media has been' going on for several
years. Interim retrievable storage facilities
have also been studied. At-reactor storage,
until recently, has focused upon pool storage.
Not much research has been done on dry storage at
reactor sites. There have been some shipments of
spent fuel but not of the magnitude envisioned by
che NWPA. The unique features of the system as
identified in the NWPA are the interrelationships
between the various components and the various
scenarios that are possible.

Monitored Retrievable Storage is essentially a
backup or an option to the repository and
therefore should be capable of being as large as
the repository and have the same capabilities.
Storage in the MRS will be ono of several dry
storage concepts: above-ground metal storage
casks, concrete silos, vaults or below-ground
drywells or tunnel racks.
Repository storage may be in one of several
geologic media: salt, basalt, tuff or
crystalline rock. Each media has its
characteristics that will influence the design
of the emplacement package. Current concepts
call for metal canisters with overpacks placer!
in vertical or horizontal drilled holes and
backfilled with a special material.

Each of these system components has its own
requirements for waste packaging and handling.
Let's look at each system components briefly.
The NWPA clearly places the responsibility for
near-term storage of spent fuel with the
utilities. The Government can only be
responsible for accepting and storing not more
than 1900 MTU, and then only after a utility or
utilities request FIS and the NRC determines that
the utilities have done all that can reasonably
be expected in trying to solve their own
near-term storage problems. The only at-reactor
method of spent fuel storage currently licensed
by NRC is pool storage. Additional pool storage
is expensive and requires a long lead commitment
in order to have it ready when needed. If
utilities anticipate a need for only a small
amount of additional storage they will be
reluctant to construct a new pool.

Another possible component of such a system is a
reprocessing plant. The NWPA is essentially
silent on this subject. As you know, President
Carter banned commercial reprocessing in 1977.
President Reagan lifted this ban two years ago
but specified that the private sector must take
the lead. The nuclear industry has not
responded in a positive manner and it is
uncertain at this time whether there will be any
significant reprocessing of spent fuel in the
near future. There are no current plans for
commercial reprocessing and, even if a decision
is made to reprocess, it will be five to ten
years before it can begin. Therefore, we have
not considered any significant amount of
commercial high level waste in the waste systems
studies and are focusing upon spent fuel as the
primary waste form.
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and then shipped to the MRS, stored and then
shipped to the Repository (see Figure 4 ) . This
would reduce the packaging and handling of fuel
to the initial packaging at the reactor pool and
the repackaging for repository emplacement.
Some have even envisioned possible emplacement
of the shippable storage cask itself, reducing
the packaging and handling of fuel to the
initial step at the reactor pool.

The last component of the waste system is
transportation. Transportation of waste may
occur between several locations covering hundreds
or thousands of miles, and may be by truck or
rail. The Act requires that the private sector
must be utilized to the maximum extent possible.

When looked at individually each of these
components of the system has waste packaging and
handling needs and requirements that can be
narrowly optimized. However if one takes a total
systems approach, the optimum packaging and
handling may well not be just the sum of its
parts.

In addition to the technical aspects of the
waste system, there are also institutional
issues to be considered. The NWPA requires that
the utilities pay essentially all costs
associated with waste storage and disposal. The
Wast* Fund has been established and utilities
are now paying 1 mill per kilowatt hour into
this fund. This is in addition to any costs of
utility at-reactor storage that may be necessary
or FIS, The waste system optiiuomization studies
shculd consider the most efficient means of
utilization of these funds and appropriate
divisions of responsibility between Government,
utilities and private industry.

Now that we have defined the various possible
components of the waste system as outlined by
various requirements and responsibilities of the
NEPA, let's look at the possible systems
scenarios and how they may influence the
packaging and handling of spent fuel. Figure 1
indicates the possible systems scenarios.

The NWPA discusses two methods for expanding
at-reactor storage capabilities. One method is
rod consolidation. This method would essentially
allow a doubling of fuel rods that could be
stored in existing pool space. DOE is
negotiating a cooperative agreement with
Northeast Utilities Service Company for
participation in a demonstration of spent fuel
rod consolidation techniques at a wet storage
basin. Some pools, however, are not structurally
capable of storing the additional fuel. The
other method of increasing at-reactor storage is
the use of dry storage in metal casks. The NWPA
provides for the Government to work with
utilities in cooperative research and
demonstrations as mentioned above, to obtain
sufficient data for the licensing of dry spent
fuel storage in metal casks. The fuel can then
be stored in these casks until it is shipped
off-site to either a repository or an MRS. If it
goes to an MRS and stored, it will still have to
be shipped at a later date to a repository.

DOE is interested in identifying the most
efficient waste management system that is
practical. We do not have all of the answers at
this time, nor do we feel that we have a corner
on good ideas. Our desire is to work closely
with utilities and industry to identify the best
ideas for the waste management system from a
total systems point of view and then to study
these ideas to see which ones appear to offer
the most advantages.
To accomplish this, DOE is planning to issue a
competitive solicitation called a Program
Research and Development Announcement (PRDA).
The objective of this PRDA is to identify and
develop technical and institutional alternatives
for near-term and long-term handling, packaging,
shipping, and storing of spent fuel in ways that
can facilitate and/or minimize handling and
packaging for final disposal. Thus the time and
effort, exposures and costs, throughout the
back-end of the fuel cycle could be minimized
while possibly providing near-term benefits to
the utilities in solving storage problems in the
process. Concepts for standardization to the
maximum extent practical, and interfaces and
equipment for packaging, handling and
transportation operations will be identified
that can lead to additional economies.

I would like to point out the number of packaging
and handling steps involved in either case. In
the "reactor pool to dry storage to repository"
scenario (Figure 2), fuel would be handled for
loading and unloading three times and placed in
three types of containers.

Proposers may be any organization with the
design/engineering capabilities and expertise in
radioactive waste packaging and handling.
Proposers will be strongly encouraged to team
with one or more utilities who have experience
with the handling and storage of spent fuel.

In the scenario that includes an MRS is shown in
Figure 3, fuel is handled five times and placed
in four different types .of containers.
I believe that economies can be made in the
system as a whole. These economies may include
standardization of the spent fuel package which
will allow standardization of handling facilities
at all locations. It may be possible to go much
further and develop shippable storage casks that
could be used for dry storage at the reactor site

Studies should consider the optimum size and
shape of the waste canister, "dual purpose"
transportation and storage casks, rod
consolidation, overpacks, etc. Emphasis should
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be placed on the waste packaging and handling
system as a whole and how a change in a part of
the system will affect the total system in terms
of safety, licensing and costs. Consideration
should be given to possible benefits of the
overall system to utilities with near-term
storage problems.

Fig. 1

F l e x i b i l i t i e s of ownership of casks should also
be considered. For instance, i t may be
economical for the Government t o provide
canisters and casks t o the u t i l i t i e s from the
Haste Fund for near-term storage and eventual
transfer t o a repository or MRS.
IPOCL STORAGE I I DRY STORBGEl

Bod consolidation i s also a consideration in a
total systems concept. Current plans for the
repository and the MRS call for the emplacement
or storage of consolidated fuel. Current
assumptions are that they will receive
unconsolidated fuel and therefore f a c i l i t i e s must
be provided for consolidation. Should the
repository emplace only consolidated fuel? If
so, where should the consolidation take place?
Ihese questions will be addressed in our systems
studies.

TRftNSPORTATlON

The most promising concepts will be pursued
through further research and development
including design development and field testing.

MRS

In addition to the PRDA, DOE'will initiate
additional systems studies as necessaiy.
While these systems studies are being conducted,
existing design efforts in the various program
areas (repository, MRS, transportation, e t c . )
w i l l continue. When the results of the system
studies are available, they w i l l be evaluated
alori, with the existing design data and an
overall Systems Eesign Description (SDD)
developed. The SDD will then be used by the
individual programs t o redirect, i f necessary,
current design efforts. Figure 5 i s a flow chart
of this process.
We a r e aware t h a t we a r e n o t t h e o n l y o n e s
l o o k i n g a t t h e w a s t e management problem from a

total systems concept. We are anxious to
coordinate our studies with other related studies.
In summary, our objective i s t o optimize, t o the
maximum extent practical, the waste management
system from the source of the fuel t o the final
emplacement in the repository, making maximum
utilization of past and currently on-going work
and incorporating new ideas as appropriate. We
look forward t o working with the industry and the
u t i l i t i e s and other interested parties t o
accomplish t h i s task.
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REGULATORY ISSUES IN PERFORMANCE ASSESSMENT
FOR HIGH LEVEL WASTE
P.M. Ornstein, M.R. Knapp, and J.C. Belote
U.S. Nuclear Regulatory commission

those r i s k s , and the results w i l l be compared
with the EPA containment requirements. The NRC
s t a f f anticipates that the estimates of risks
and uncertainties w i l l be used to construct a
Complementary Cumulative Distribution Function
(CCDF), which w i l l be compared to the EPA
containment requirements to determine whether the
repository w i l l comply w i t h the release l i m i t s
established in the standard.

The containment requirements in the proposed
Environmental Protection. Agency (EPA) High Level
Waste (HLW) standards are closely linked to
p r o b a b i l i s t i c r i s k analyses (PRA). However, i t
i s not clear t h a t there is a consensus in the
geologic community t h a t such analyses are
f e a s i b l e . This report b r i e f l y reviews the way in
which the Nuclear Regulatory Comnission (NRC)
s t a f f considers t h a t PRA is l i k e l y to be applied
to the containment requirements and i d e n t i f i e s
several p o t e n t i a l l y divergent views which a
Department of Energy (DOE) license application
may be forced to reconcile,

This paper b r i e f l y describes the development of
CCDFs. I t also i d e n t i f i e s some potential sources
of d i f f i c u l t y in providing information f o r CCDFs
from the geologic sciences.

INTRODUCTION

CCDF OVERVIEW

The focal point of the NRC's a c t i v i t i e s
concerning the disposal of high level radioactive
waste i s ensuring t h a t the applicable EPA
Standards in the (40 CFR 191) Code of Federal
Regulations are met. This report descriDes tne
NRC s t a f f ' s current thinking about how compliance
with the containment requirements in the proposed
standards might be demonstrated.

To i l l u s t r a t e the application of CCDFs in
repository assessment and how a CCDF may be
developed, consider a s i m p l i f i e d repository f o r
which a single scenario w i l l describe
performance. Uncertainties 1n the models,
parameters, and data make i t impossible to
properly estimate radionuclide release as a point
value. Rather, release estimates constitute a
d i s t r i b u t i o n which can be described as the
probability density function (PDF) shown in
Figure 1. In t h i s example the mean release
estimate has been set equal to the release
permitted by the EPA standards.

The containment requirements in the proposed EPA
Standards l i m i t "reasonably foreseeable" and
"very unlikely" releases of radionuclides to the
accessible environment. These terms are defined
on a p r o b a b i l i s t i c basis as those releases whose
cumulative p r o b a b i l i t i e s over 10,000 years are
greater than 0.01 and between 0.01 and 0.0001,
respectively. (Releases in the lower probability
category are allowed to be ten times larger than
the "reasonably foreseeable" releases, and
releases w i t h a l i k e l i h o o d less than 0.0001 are
not r e s t r i c t e d by the standards.)

The PDF can be integrated to produce a cumulative
d i s t r i b u t i o n function (CDF) which represents the
probability that releases to the accessible
environment w i l l be less than or equal to a given
value (Figure 2 ) . For example, Figure z shows
that there is a S0% probability t h a t the releases
w i l l be less than or equal to the EPA Standard.

The NRC s t a f f construes the provisions in the
proposed version of the EPA Standards to strongly
endorse i f not actually require a formal
p r o b a b i l i s t i c treatment of releases s i m i l a r to
the p r o b a b i l i s t i c risk analyses used f o r nuclear
power plants and other applications. (As the EPA
Standards have not been f i n a l i z e d , the s t a f f
notes t h a t the extent to which p r o b a b i l i s t i c risk
analysis w i l l be formally required in the
licensing process has not been f i n a l l y
determined.) Duwng the formal licensing
process, the post closure risks w i l l be assessed,
as well as the uncertainties associated with

The complement o f the CDR, produced by
subtracting each probability value of the CDF
from 1.0, is the Complementary Cumulative .
Distribution Function or CCDF and represents the
p r o b a b i l i t y that releases to the accessible
environment w i l l be equal to or greater than a
given value (Figure W. Since tne standard
requires releases not to exceed a given value,
the CCDF w i l l indicate tne p r o b a b i l i t y of
repository compliance. For example, in Figure 3
i t is seen t h a t there is about a 5% probability
that releases w i l l be greater than or equal to
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To return to the f i r s t point, f i e l d geologists,
whose responsibilities include data collection
and interpretation, often form different
conceptual hypotheses of the physical setting
than those of the performance assessment
modelers, whose responsibilities include data
assimilation. The geologists, relying on their
Intuitive understanding of the geologic setting,
may consider the ntodular's approach to problem
resolution inappropriate. This conflict is
l i k e l y to arise in the CCDF development process
since the process requires quantification of the
geologist's subjective intuition regarding
parameter values and uncertainties. This sort of
analysis Is traditionally not a part of geologic
interpretation, and may be very d i f f i c u l t to
implement. Disagreements may occur not only in
parameter and uncertainty quantification, but
also in the procedural aspects of scenario
selection and quantification. Construction of
CCDFs is thus l i k e l y to require resolution of
divergent views of both a technical and
philosophical nature. Given the relatively few
modeling studies that have been done for deep
geologic disposal systems to date, i t is
c r i t i c a l l y important that modelers be well-based
in the geologic sciences and that the geologists
develop a background in and an appreciation for
the application of quantitative studies to
licensing.

ten times the EPA Standard. The CCDF thus
represents the probability that a specified
repository w i l l exceed a given multiple of the
EPA release limits (as specified In Table 2 of
proposed 40 CFR Part 191). The CCDF 1s then
directly comparable to the release limits set out
in the EPA standard by simply overlaying a CCOF
plot on a plot of the EPA release l i m i t s . I f the
CCDF exceeds the EPA l i m i t s , the repository w i l l
not be in compliance with the standard. In
Figure 4, the shaded area exceeds the proposed
standards. Alternatively, 1f the CCDF does not
exceed the EPA l i m i t , compliance w i l l be achieved.
APPLICATION OF CCDFS
In actual practice, creation of a CCDF w i l l be
much more complex. For example, in the Rationale
for 10 CFR Part 60 (NUREG-0804), the consequences
of a single scenario were estimated using one
relatively simple model to describe a
hypothetical repository, and 25 significant
variables were analyzed. Further, i t 1s l i k e l y
that several different conceptual models may be
needed to describe the consequences of a single
scenario, in the analysis of the Hanford Site
Characterization Report (NUREG-0960), the NRC
Staff identified 17 plausible models for the
undisturbed case. All of this Information must
be assimilated into a CCDF which addresses a
single scenario.

Second, there are a number of instances where
widely divergent views could be held on scenario
probabilities due to fundamental differences of
opinion 1n data Interpretation and/or theory.
The probabilities assigned w i l l result directly
from DOE's choice of perspective. For example, a
recent study estimated the probability of a
volcanic event near the Nevada Nuclear Waste
Storage Investigations (NNWSI) site to be 5.6 x
10-6/year (Crowe and Carr, 1980), indicating
that a relatively low probability may be assigned
to the volcanic scenario. However, alternative
interpretations could be made. For example,
since 5.6 x lO-^/year is equivalent to one
volcanic center every 170,000 years, and the
youngest volcanic cone in the area is 240,000
years old, the region might be argued to be well
overdue (by 70,000 years) for volcanic activity
(Pendleton and Ornstein, 1982), implying that a
relatively high probability should-be assigned.
Alternatively, f t could be argued that since most
of the volcanic activity studied by Crowe and
Carr occurred between 1.7 and 2.5 million years
ago, the site is presently inactive and the Crowe
and Carr estimate 1s overly-conservative.
Further, the 5.6 x 10-° estimate assumed a
random distribution of volcanic cones within a 25
Km radius of Yucca Mountain. Had the study been
centered just southwest of Yucca Mountain in
Crater Flat and had the zone studied been
somewhat smaller in radial extent, the higher
concentration of volcanic cones in Crater Flat
would have resulted*in larger estimates of
volcanic activity. Thus the type of distribution
assumed would significantly affect the estimate,
which in turn would affect the range of
probability assigned to the scenario. The above
discussion is not intended to take issue with the
results of Crowe and Carr. Rather, i t is made to

When more than one scenario (e.g.,
faulting.vulcanism, etc.) may credibly affect
repository performance, the CCOF's for the
individual scenarios must be combined to produce
an overall CCDF for the repository. This
approach w i l l require the identification of
credible scenarios; quantification of the
likelihood of those scenarios; development of
conceptual models that describe the consequences
of those scenarios; formulation of numerical
models that are consistent with the conceptual
models, and incorporation of data and associated
uncertainties into the numerical models. The
final CCDF, therefore, results from the
integration of a l l scenarios, models, and data
properly reflecting the uncertainties associated
with each, and representing the sum total of
analyses performed during site characterization.
The NRC staff has identified three major issues
which must be addressed to construct CCDF's and
successfully defend them during licensing.
F i r s t , i t is not clear that there is a concensus
in the geological community that i t is
appropriate or even possible to construct
meaningful CCDF's. Second, there are alternative
theories associated with geological processes
that must be reconciled to reach a concensus ,
about the probabilities and consequences of some
significant scenarios. Third, there are many
geologic processes and conditions which differ
from others by a series of snail changes rather
than simple dramatic differences, so that there
is effectively a continuum of scenarios
associated with some types of events. Selection
of and differentiation between various scenarios
therefore nay not be obvious, and i t is
appropriate to try to reach concensus prior to
licensing as to how this best may be done.
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I l l u s t r a t e the sorts of potential alternative
interpretations which might be made in the face
of very sparse data, or gaps in the understanding
of pertinent processes, and which a numerical
p r o b a b i l i s t i c risk assessment must quantify and
reconcile.

tectonics and resulted in different seismic
scenarios. Again, there are other considerations
which must be Incorporated Into the scenario
conceptualization which may give credence to one
theory rather than the other, but i t may also be
that the competing theories must be accommodated.

Another example of the effects of sparse data and
limited understanding can be found in the effects
of the choice of a source zone on hazard
assessment (Algermissen, e t . a l . , 1982). This
work, in part, considers the Ramapo Fault system
which is a f a u l t system in New York and New
Jersey that seems to have seismicity associated
with i t . Although the seismicit> is moderate, i f
the seismicily is associated with the f a u l t
system for purposes of probabilistic hazard
assessment some r e l a t i v e l y high probabilities for
ground acceleration are calculated.
A l t e r n a t i v e l y , consider the probability of
seismic a c t i v i t y in Charleston, South Carolina.
I n 1886 there was a magnitude 7+ earthquake there
and there has been continuing seismic a c t i v i t y in
that. area. However, the seismicity has not been
associated with a fault-zone. I f the possible
seismic source zone is considered large then the
risk is "smeared out" and consequently r e l a t i v e l y
low probabilities f o r ground acceleration are
calculated. Figure 5 shows the size of the •
seismic source zones used in calculating the
probabilistic seismic hazard. Note the small
size of zone 104, the Ramapo Seismic Zone, Also
note zone 101 which is the source zone that
contains the Charleston 1686 earthquake and the
subsequent seismic a c t i v i t y . Figure 6 shows the
preliminary map of horizontal acceleration
(expressed as percent of gravity) in rock with 90
percent probability of not being exceeded in 250
years. Note that in the Ramapo seismic source
zone that the calculated value is within the 30%
contour with a peak value of 54%. The zone
containing the Charleston earthquake is within
the 20% contour with a peak of 23%.

A t h i r d concern of the NRC staff 1s that some
scenarios appear to involve conditions or
processes which d i f f e r only s l i g h t l y or evolve
gradually from other scenarios, rather than
discrete events which are readily amendable to
d i f f e r e n t i a t i o n . For example, many
microearthquakes may be expected to occur during
the postclosure phase of the undisturbed
repository. Since the microquakes w i l l vary In
magnitude, they w i l l be best described by a range
and d i s t r i b u t i o n . On the other hand, the
earthquakes considered in an earthquake scenario
w i l l also be described by a range and
d i s t r i b u t i o n . Under which distribution should a
large microquake be considered? Is i t proper to
truncate distributions to prevent overlap between
scenarios, or would such truncation improperly
bias results? The staff considers that i t w i l l
be necessary to develop a methodology f o r
addressing such these and similar concerns to be
able to defensible separate apparently continuous
events and processes into discrete scenarios
whose probability and consequences can be
appropriately quantified. The burden of proof
w i l l be with DOE to defend and substantiate the
analyses used, the scenarios selected, and the
probabilities assigned to each of the scenarios
and the PDFs assigned to parameter values.

There are other interpretations of this same data
but the key point is that the calculated hazard
is very sensitive to the probability density
function that is assumed. This is a particularly
sensitive issue in the geosciences where there
are gaps in understanding the processes of
interest. These gaps can result in relatively
l i t t l e guidance as to an appropriate choice of
probability density functions.
A f i n a l example of two competing theories which
would have s i g n i f i c a n t l y different effects on
scenario probability relate to seismic hazard at
nuclear power f a c i l i t i e s , i n the determination
of seismic hazard, regional r.eismic provinces are
i d e n t i f i e d and the likelihood of earthquake
occurrence in each province is established. A
thorough knowledge of the underlying tectonic
processes is necessary to identify the extent,
location, and number of regional seismic
provinces. At the Limerick f a c i l i t y , v q o fewer
than four different interpretations of the
regional seismic provinces were made (Ertec, Inc.
Rocky Mountain, Colorado, 1982). Each '.
Interpretation represented a different
theoretical understanding of the regional

CONCLUSIONS
At this time the NRC staff considers that the
proposed EPA standards are closely linked to PRA
and that these standards w i l l cause the
construction of CCDFs and t h e i r comparison to the
containment requirements to be an important part
of the HLW licensing process. However, i t is not
clear that there is a consensus in the geological
community as to the a p p l i c a b i l i t y of CCDF's, or,
in f a c t , that the geological community is even
aware that i t is l i k e l y to be necessary to
construct CCDFs to reach findings concerning the
standards.
The NRC staff is also concerned that there are
potential alternative interpretations of some
geological processes and events which must be
reconciled to establish the probabilities and
consequences of some significant scenarios.
A t h i r d s t a f f concern is the i d e n t i f i c a t i o n and
defense of specific scenarios which d i f f e r only
s l i g h t l y or evolve gradually from other
scenarios, as contrasted with discrete events
which are readily amendable to d i f f e r e n t i a t i o n .
F i n a l l y , the s t a f f again notes that i t is not y e t
clear to what extent PRA w i l l be used in the
Ucensing process. Depending on the f i n a l form
OT the EPA standards, CCDFs and the analyses
which underlie them may be v i r t u a l l y the only
vehicle for determining compliance with the
containment requirements, or they may be used

simply as a guide to support and focus findings
which will be reached through other methods. The
NRC considers i t most appropriate that findings
be reached after weighing the results of such
analyses, the t e s t s upon which they are based,
expert opinion, and empirical studies. However,
i f the final form of the EPA standards is
construed to require a great deal of quantitative
rigor in their application, the DOE application
must be prepared accordingly.
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Fig. 5. Seismic Source Zones in the Unitea States (from
Algermissen, et. al., 1983)

Fig. 6. Horizontal Acceleration Contours for the Eastern United
States (from Algermissen, et. al., 1983)
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NNWSI PERFORMANCE ASSESSMENT
Felton W. Bingham
Sandia National Laboratories
Division 63J.2
Albuquerque, Mew Mexico
The first of these evaluations will support
the Department of Energy (DOB) in its selection of sites to be nominated and recommended
for detailed characterization; a preliminary
performance assessment will be a part of the
statutory environmental assessment that by law
must be prepared in support of that selection. If the Yucca Mountain site is chosen
for detailed characterization, performance
assessments will help to guide the field
studies and the design activities that will
take place during the years of site characterization. Performance assessments will than
provide analyses required for a draft environmental impact statement; updated analyses will
be provided for the final environmental impact
statement, which will be one of the base* for
the President's approval of tha first repository site for the disposal of high-level
waste. If Yucca Mountain is the approved
site, performance assessments will be needed
for the detailed analyses in the preliminary
safety analysis report, required as part of
the license-application process by the Nuclear
Regulatory Commission. Performance assessments will then be continually updated to provide current evaluations of the site as new
information becomes available during the
licensing process.

OBJECTIVES AND PURPOSES OF THE PROGRAM
The Nevada Nuclear Waste Storage Investigations (NNWSI) project is examining a potential
repository site at Yucca Mountain in Nevada.
The site under study is on the southwestern
part of the Nevada Test Site and on land adjacent £o the Test Site. If a repository were
built there, it could be located at a depth of
about 400 meters in a thick tuff formation
called the Topopah Spring Member. The
formation is different from the host rocks at
other potential repository sites in that it is
only partially saturated with groundwafcer and
is above the existing water table.
The NNWSI project includes a program that will
assess the performance of a repository at
Yucca Mountain, Broadly stated, the objective
of this performance-assessment program is to
examine the effectiveness of such a repository
in isolating waste from people and their
environment. To accomplish that general
objective, the program will
1. Identify the mechanisms that could release
radlonuclides from the repository.
2.

Predict the rates at which radionuclides
could be released under the action of
those mechanisms.

3. Predict the concentrations at which radionuclides could move away from the
repository.
4. Predict the concentrations at which the
released radionuclides would enter the
human environment.
Performance assessment is a necessary part of
the NNWSI project because it will evaluate the
ability of the repository to meet legal
requirements: the standards established by
the Environmental Protection Agency and the
criteria established by the Nuclear Regulatory
Commission. Such evaluations will be needed
for a number of purposes during the years
before a repository can begin operations.

t
DESCRIPTION OF THE PROGRAM
As organized at Sandia National Laboratories,
the performance-assessment program consists of
five closely related tasks. For convenience,
the following discussion describes the program
by describing each task separately.
Task I: Total-System Definition
This task contains two activities. It will
provide an organized description of the isolation and containment system at Yucca Mountain,
and it will provide • reliable, controlled,
and accessible data base for use in the other
performance-assessment tasks.
The isolation and containment at Yucca Mountain is provided by a complex system of many
interacting subsystems—for example, the waste
package, the mined repository structure, and
the surrounding natural geologic formations.
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To explain the complete repository system to
technical specialists and to the general public will require a clear description of the
total system as well as its component subsystems, their interactions, and their contributions to the whole. The system-description
activity will not only furnish this description; it will also specify the requirements on
each of the subsystems. Tha system-description document that Task I will furnish is now
in early stages of preparation.

1. The quantity of water that enters the
repository.
2. The rate at which water enters the
repository.
3. The time required for water to travel from
the repository to the accessible
environment.
*.

The technical investigations of the Yucca
Mountain site will produce an immense volume
of data—data that will be of highly diverse
types and variable quality and that will be
produced by a number of different organizations. To make such data readily available
throughout the NNWS1 project, a computer-based
data-management system is highly advantageous;
the data-base activity in Task I is providing
this system. Using System 2000 on a Sandia
National Laboratories CDC 6600 computer, this
activity is now maintaining documented, traceable, controlled data under formal qualityassurance procedures.

The effects of variations in hydrologic
properties along the flow paths.

The geologic-system analysis is currently producing computer predictions of radionuclide
transport under expected conditions. The
identification of disruptive scenarios has
begun; plans for 1985 include the construction
of computer models of the scenarios and analyses of flow and transport using large computer
codes.
Task III. Engineered-System Analysis
In analyzing the engineered-barrler system,
Task III analyzes two major subsystems: the
waste package and tha underground repository.
Because these subsystems are to be located in
the Topopah Spring Member, the behavior of
jointed rock and of fluids in a partially
saturated system will be incorporated in the
models used in the analyses. After analyzing
in detail tha processes that will take place
in these subsystems, Task III will produce
descriptive models that will predict the
containment and isolation performance of both
subsystems.

Task II: Geologic-System Analysis
Task II comprises two activities: the
preparation of a computer model of the
geologic system at Yucca Mountain and the
analysis of that system.
Analyses of the geologic system will use many
data describing the geologic, hydrologic, and
geochemical properties of the area that Includes Yucca Mountain. Because these data are
available in three dimensions, a computer representation of them is useful to analysts.
Under Task II these data are Incorporated into
a three-dimensional site model using an Applicon Interactive Graphics Computer at Sandia
National Laboratories.

The analyses of the waste package will determine the ability of various emplacement configurations and waste-form designs to provide
the "substantial" containment required for 300
to 1000 years after the repository has been
closed. Additional studies will predict the
rates at which radionuclldes can be released
from the waste package; these rates will be a
source term for the modeling of transport in
the disturbed zone. Since Lawrence Livermore
National Laboratories (LLNL) will design the
waste package, these waste-package activities
will be a joint effort involving LLNL and
Sandia National Laboratories.

The site analysis will.assess the performance
of the natural features and characteristics of
the Yucca Mountain site. The site is different from other potentially acceptable sites
because the repository would be located in
tuff above the water table. The hydrologic
system includes faulted dipping units composed
of fractured and porous rocks in which small
quantities of water move at low rates. Definitions of groundwater flux and velocity
fields are needed for analyses of the repository performance.

The studies of the underground repository will
analyze the behavior of the rock that will be
affected in any substantial way by construction or the emplacement of waste. The analyses will study thermal and mechanical effects
on hydrologic properties and fluid-flow
regimes—effects due to heat, radiation,
emplacement holes, drifts, haulage ways, and
other excavations. The movement of water and
subsequent transport of radionuclides to the
boundary of the engineered barrier will be
modeled. These calculations will examine the
ability of the engineered system to meet the
limit on release rates (1 part in 100,000 per
year). They will also provide a source term
for analyses of the performance of the complete repository system.

In analyzing this natural system, Task II will
examine the flow paths along which radionuclides might migrate from the repository. It
will then study the migration under the future
conditions expected at the site as well as the
conditions that would be present if future
events *nd processes disrupt the site. An
important part of the analysis will be the
identification of disruptive scenarios that
could alter the conditions. Among the quantities thi.t Task II will determine under the
expected and the disrupted conditions are

321

limited number of scenarios. A full statistical analysis of the complete isolation and
containment system using such complex models
is not practical. Task V, will us* a simplified, on*-di*«nslonal model of the total system to pradict the performance of the entire
system. This model, called TOSPAC, i* now
capable of solving standard modeling problems;
it is undergoing further development to adapt
it to th* unusual conditions at Yucca Mountain.

T«sk IV: Computer Model*
Talk IV Mill provide computational tools
necessary for the NNWSI performance assessM«nt; it will acquire, develop, and document
the needed'conputar codai.
Tasks II, III, and V will require calculations
of thermal and thcrmomechanical »ff»cti, of
fluid flow, and of radlonuclide transport.
That* calculations will ba multidimensional;
th«y will daal with nonlinear phenomena in
hatarogenous media; they will pradict timed*pend*nt bthavior. Calculations of such complexity require numerical modal* using computar codas. Already-available codas arc preferred for performance-assessment calculations, but whan suitable codas do not exist,
they aiust be developed as a part of the perfontance-aisessment program. Of particular,
importance for the assessment of the Yucca
Mountain sita is the development of predictive
Models for water flow and nucllde transport in
a partially saturated formation. The development of codas embodying such models is under
way.

PRELIMINARY PERFORMANCE ASSESSMENT
Many of th* capabilities planned for the NNWSI
performance-assessment program are still under
development, and full analyses of the site
will not be possible until after site characterization several years from now. A preliminary performance assessment has been produced, however, for inclusion in the environmental assessment that will support the recommendation and nomination of sites for
characterization.
This preliminary assessment uses only data
available now. Making conservative, but physically reasonable assumptions, it examines th*
behavior of a repository at the site under
existing conditions of water flow. It assumes
that water moves vertically through Yucca
Mountain at an infiltration rate of 5 millimeters per year; the water reaches the
unplaced waste and removes radionuclldes at a
rate of 1 part in 100,000 per year, the rat*
permitted by ragulations. Th* released
radionuclides move downward through the
Topopah Spring and through the underlying
unsaturated tuff to the saturated zone, where
they move horizontally to the accesiibl*
environment. The results of the analysis now
under review suggest that the release limits
proposed by the Environmental Protection
Agency would not be exceeded or even
approached at 10,000 years after the
repository had been closed.

Regardless of the source of a coda, it must be
verified and validated. Through verification
and validation, Task IV will examine the
accuracy of the codec used in performance
assessment; it will aid In reducing the uncertainties In the analyses to acceptable
levels. For already-available codes, some
documented verification and validation exists,
and the only further efforts necessary, if
any, are those naedad to bring the validation
to the level required by regulations. Codes
developed for NNWSI will r«quir* more-extensive efforts, task IV will therefore compare
computer predictions with lab and field data
aa part of the verification effort. It will
also carry out benchmarking studies by comparing predictions of different codes.
Task V: Total-system Analysis
l

*

•

Task V will predict the overall performance of
the entire repository system. It will use the
information provided by Tasks II and III to
predict releases to the accessible environment
and to place bounds on the predictions. These
predictions will be used to make comparisons
with regulatory standards and to examine the
consequences of the releases. Task v will
also examine the uncertainties in the predictions due to uncertainties in the data that
describe the repository system; it will examine the sensitivity of the predictions to
variations in the parameters of the models
that describe the system.
Estimating and bounding the performance of the
total waste-isolation system is critical in
determining whether Yucca Mountain is suitable
for a repository. Tasks II and III will examine in detail the performance of the individual subsystems of the waste-isolaticn system; they will primarily us* elaborate, twoand thr*e-d!mensional calculations of a
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PRINCIPAL ELEMENTS OF THE BASALT WASTE ISOLATION
PROJECT PERFORMANCE ASSESSMENT STUDIES
Robert G. Baca and Richard T. Wilde
Basalt Waste Isolation Project
Rockwell Hanford Operations
Richland, Washington
INTRODUCTION

PERFORMANCE ASSESSMENT METHODOLOGY

Performance assessment, simply stated, is a systematic evaluation process that quantifies how well
the repository system and its subsystems meet performance objectives and criteria. The overall
assessment process considers plausible events,
processes, and conditions that may impact the isolation capability of the repository and then estimates the near- and far-term risks. In general,
performance assessments are divided into two categories: preclosure and postclosure assessments.
The main emphasis of the Basalt Waste Isolation
Project (BWIP) performance assessment studies is
currently on postclosure assessments.

The BWIP performance assessment methodology is
based on the use of a suite of predictive models
that are specifically designed for analysis of the
long-term performance of the three major repository
subsystems: (1) waste package, (2) repository
seals, and (3) site or geologic medium. The predictive models consider a variety of physical and
chemical phenomena such as rock stress-strain,
heat transfer, groundwater flow, and radionuclide
transport. The models are grouped into three general categories: (1) very near field (canisterto-room scale), (2) near field (repository scale),
and (3) far field (groundwater-basin scale). These
models are interfaced to permit a systematic evaluation of the repository subsystems.

The broad technical and programmatic role of the
BWIP postclosure performance assessment studies is
to:
•

To develop predictions of the important repository
performance measures or indicators, a probabilistic framework that accounts for uncertainty in
model input data is used. In general, these uncertainties arise as a result of (1) spatial variability of hydrogeologic parameters (e.g., hydraulic conductivities and porosities), (2) measurement and experimental limitations that constrain
the estimation of geochemical parameters (e.g.,
radionuclide solubilities and sorption properties), and (3) limitations in anticipating the
repository environment and geologic conditions
after closure. The probabilistic framework is
based.on using statistical representations of
uncertain inputs, applying stochastic models, and
calculating cumulative probability curves for each
performance measure (Fig. 1).

Guide field and laboratory data collection
efforts so as to assure the development of a
reliable and complete data base for assessment
of the engineered barrier and site subsystems.

•, Guide the design of the engineered barrier subsystems (i.e., waste package, tunnel, and shaft
seals) by developing performance goals for
these subsystems that are compatible with the
isolation capability of the site subsystem.
•

Provide a scientific basis for evaluating
repository system compliance with regulatory
standards and criteria.

Over the next few years, the single most important
role of the BWIP performance assessment studies is
to guide the site characterization activities so
that they produce a conceptual understanding and
data base sufficient for the ultimate licensing
assessment.

Most stochastic modeling studies performed by the
BWIP to date use a Monte Carlo sampling technique
in conjunction with the numerical models. This
stochastic modeling technique is relatively simple
in concept and consists of a four-step procedure:
(1) select random values for uncertain parameters
(according to the applicable statistical distri- .
bution); (2) execute the deterministic simulation
model; (3) compute the appropriate performance
measure(s); and (4) tabulate the result(s) and
compute the desired statistics. This procedure is
repeated until convergence of the statistical
moments of the parameters of performance measures
is achieved. The principal output of the Monte
Carlo technique is a cumulative probability distribution, or its.complement. Other stochastic

In this paper, we focus on three of the principal
elements of the BWIP performance assessment
studies: (1) development of a methodology for
probabilistic risk assessment, (2) performance
analyses of repository subsystems, and (3) selection and ranking of disruptive event scenarios.
Other elements of the BWIP performance assessment
studies are briefly outlined.
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methods such as a second-order uncertainty technique (Sagar and Clifton 1983) have been investigated for use in prediction of performance measures.

needs and parameters controlling uncertainty, and
(3) provides a means of quantifying the level of
confidence in meeting the technical criteria (NRC
1983) and standards (EPA 1982).

PROBABILISTIC

y\

ANALYSIS OF WASTE PACKAGE PERFORMANCE
Deterministic and stochastic modeling studies for
a waste package in basalt have been initiated to
develop an understanding of the controlling processes and parameters. The primary performance indicators considered include (1) maximum fractional
release rate, (2) cumulative radionuclide release,
and (3) radionuclide containment time. Sensitivity
analyses conducted to date suggest that the permeability and sorption properties of the packing material have significant effects on these performance indicators. For highly soluble radionuclides
that are also nonsorbing (e.g., 1 2 9 I ) , the performance indicators are more directly controlled by
the hydraulic properties of the host rock.

SITE
PHYSICAL
PROPERTIES

CONDUCTIVITY

RELEASE
SCENARIOS

/

WATER FLOW
ANO
THERMAL
ANALYSES

\

TRANSPORT
ANALYSIS

Deterministic analyses of groundwater flow in the
very near field indicate very long groundwater
traveltimes in the packing material (crushed
basalt/bentonite clay mixture) relative to traveltimes through the host rock (Fig. 2). This factor
suggests that radionuclide transport through the
packing material will occur primarily by molecular
diffusion, particularly for those radionuclides
exhibiting high sarption (e.g., Kj >10 mL/g). The
groundwater flow and radionuclide transport simulations also indicate that, in general, the performance of the waste package improves significantly
with increasing packing thickness.
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Fig. 1 Probabilistic framework for performance
assessments.
Predictions of subsystem performance measures are
currently being developed to address various performance questions. For example:
•

•

STREAMLINES

What is the probability { i . e . , confidence
level) that the pre-waste-emplacement groundwater travel times are >l,000 yr?

BOUNDARY AT
CANISTER MIDPLANE

What is the probability that the maximum radionuciide release rates meet the requirements
specified by the Nuclear Regulatory Commission
(NRC 1983)?
t

•3.0

-2.5

-2.0

-1.5

-1.0

0.5

0

HORIZONTAL DISTANCE (ml
•DISTANCE BETWEEN MARKERS REPRESENTS 100 yr OF GROUNDWATER TRAVELTIME.
PSB11-57

• What is the probability that the waste package
containment time will be >l,000 yr?

Fig. 2 Groundwater flow paths and traveltimes
near a waste package.

Addressing repository performance questions on a
probabilistic basis has three principal advantages
in that the analysis (1) properly reflects data
uncertainties affecting model predictions,
(2) places focus of performance issues on data

Stochastic analyses of radionuclide transport
through the packing material have been initiated
to study the dependence of performance indicators
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on three parameters: (1) solubilities, (2) sorption coefficient, and (3) molecular diffusion
coefficient. Uncertainties In these parameters
arise for different reasons; however, statistical
representations can be developed using laboratory
data or through the probability encoding (SRI 1977)
of expert opinion.
Calculations of radionuclide containment time (in
the packing material) were made assuming Kd as the
only stochastic parameter (log-normally distributed). The calculations assumed that the canister
has zero lifetime and that complete resaturation
has occurred. Transport processes modeled were
molecular diffusion, sorption, and decay. Sample
results from these calculations are shown in Fig. 3
for the case of a 0.15-m packing thickness. The
calculations suggest a median containment time of
~875 yr and a probability of 355! of times exceeding
1,000 yr. For the case of a 1.5-m packing thickness, median containment time was 8,000 yr, and a
high confidence level (exceedance probability >99%)
that containment time being in excess of 1,000 yr
was obtained.
1

~

'

'

1 • ' " 1

ASSUMPTIONS
RADIONUCLIDE: " S «
Kd (ml'g) - LOG-NORMAL
MEDIAN . 1 . 7 9
STANDARD DEVIATION • 0.34
BACKFILL THICKNESS > 0.15 m

_

/
/
/

In general, a stochastic analysis of groundwater
traveltime should be based on a plausible hydrologic conceptual model (Gephart et a l . 1983) and
s t a t i s t i c a l inputs f o r three major parameters:
(1) transmissivity (or hydraulic conductivity),
(2) effective porosity, and (3) hydraulic boundary
conditions. The spatial correlation of these
parameters must also be considered. For the purposes of a preliminary analysis of groundwater
traveltimes in a basalt flow top, a two-dimensional, steady-state, stochastic groundwater flow
simulation was performed that treated the transmissivity as the only stochastic parameter; spatial
correlation in this parameter was accounted f o r by
means of a multivariate random number generator.
A computer code has been developed that uses a
Monte Carlo sampling technique and a f i n i t e element
simulation model (Baca et a l . 1983) that generates
the flow f i e l d ( i . e . , hydraulic heads, flow paths,
and travel times).

/
/

/

T o (yil
MEDIAN • ( 7 5
PITC>3OOI . 0 9 9 *
PIT, > 1.0001 - 0 . 3 5

/

I

i
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values for hydraulic boundary conditions and the
anisotropy r a t i o for hydraulic conductivity. One
plausible flow path from the repository to an
accessible environment boundary (at 10 km) 1s
along the basalt flow top immediately above the
repository (Gephart et a l . 1983). For t h i s
particular flow path, a preliminary stochastic
analysis of groundwater traveltimes was conducted
(Clifton et a l . 1983), which is summarized here.

i

1

-

_

i

i

I
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10*

CONTAINMENT TIME*. T c lyri
•RADIONUCLIDE TRAVELTIME THROUGH BACKFILL ONLY: CANISTER LIFETIME NOT
INCLUDED.

Fig. 3 Probability distribution curve f o r radionuclide containment times in packing m a t e r i a l case 1 .
These calculations are examples of the probabilist i c techniques currently being developed by the
BWIP. The results are based on various assumptions
and data available. Therefore, they do not represent predictions that should be compared with technical c r i t e r i a . This type of probabilistic r e s u l t ,
however, doss provide insight into controlling
phenomena and the impact of data uncertainty on
waste package performance predictions. Moreover,
they can provide a relative basis f o r comparing
alternate waste package designs.
ANALYSIS OF SITE SUBSYSTEM PERFORMANCE
Groundwater traveltimes from the repository to the
accessible environment are a basic measure of site
subsystem performance. Deterministic modeling
studies of the three-dimensional groundwater flow
system are being conducted to examine plausible
flow paths for pre-waste-emplacement conditions.
Flow-path calculations are sensitive to the assumed

To develop a s t a t i s t i c a l representation for transmissivity, actual f i e l d data f o r the basalt flows
beneath the Hanford Site were used. About 50 transmissivity determinations are currently available
for the flow tops in the Grande Ronde Basalt. I t
is important to point out, however, that these
data are f o r a variety of flow tops and do not
represent transmissivity determinations for a
single flow top or hydrostratigraphic unit. I t is
reasonable to assume, however, that the d i s t r i b u tions for individual flow tops would be quite
similar to the distribution f o r the ensemble. The
currently available data are plotted on log-normal
probability paper i n Fig. 4. The plot suggests
that these transmissivity data are log-normally
distributed as indicated by the close f i t of the
data with the l i n e . This observation is consistent
with general observations reported in the technical
l i t e r a t u r e (Davis 1969; Freeze 1975; and Neuman
1982) f o r other media. The geometric mean of thesetransmissivities is 0.153 mvday and the standard
deviation of log-transmissivity is 1.83. other
data used and assumptions made in the stochastic
analysis are presented i n Clifton et a l . (1983).
The stochastic groundwater flow simulation consisted of a total of 600 t r i a l s (or runs) to produce
a continuous cumulative histogram (or probability
distribution) of groundwater traveltime. From
these r e s u l t s , a median groundwater traveltime of
17,000 yr and standard deviation of log-transmiss i v i t y of 0.71 were calculated. The analysis
r e s u l t s , shown i n F i g . 5, indicate that the probab i l i t y of traveltimes exceeding 1,000 yr is >95X
and the exceedance probability for 10,000-yr t r a v e l time is 65*.
Results from this stochastic analysis are preliminary in nature and w i l l be updated as more f i e l d
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data become available for the basalts. Their significance relative to issues of compliance with
applicable technical criteria must be interpreted
in light of the analysis assumptions and current
data limitations. The major assumptions are:
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Flow-top transmissivity is the only stochastic
parameter.

-

•

The probability distribution for the flow-top
transmissivity is equivalent to that for the
ensemble of all Grande Ronde Basalt vlow tops.

-

O°/
o f
/
10-5

Groundwater flow paths are confined to a single flow top Immediately above the emplacement
horizon.
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To reduce uncertainties in traveltime calculations, the site characterization activities must
focus on specific data needs. First, the BWIP
hydrology program should fbcus on field testing
and measurements that will better define hydraulic
boundary conditions, with particular emphasis on
hydraulic heads. , Second, a comprehensive effort
will be initiated to compile effective porosity
data for the basalt flow tops. These data are
needed to develop a statistical representation of
effective porosity because of their importance in
estimating groundwater traveltimes.
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Fig. 4 Log-normal probability plot of transmiss i v i t y data for Grande Ronde Basalt flow tops
(from Clifton et al. 1983).

SELECTION AND RANKING OF SCENARIOS
Detailed evaluations of postclosure repository
performance must consider scenarios of disruptive
events, processes, and conditions that potentially
Impact waste Isolation. Studies were Initiated to
identify, select, and rank scenarios applicable to
the basalt geology. Existing scenario analysis
techniques such as fault/event tree, geologic
simulation, and polling expert opinion were
reviewed. The Delphi procedure, developed by the
Rand Corporation, was selected because of its
structured approach for eliciting expert opinion
(Gordon and Helmer 1964). Moreover, this approach
has the advantage that it is completely auditable
and its level of sophistication is consistent and
compatible with the degree of understanding of
future geologic and hydrologic processes.
To conduct an initial scenario study, (Davis
et al. 1983) 15 nationally recognized experts
were selected spanning such fields as geology,
hydrology, geophysics, mining engineering, and
climatology. These panelists identified and categorized a total of 45 scenarios. The scenarios
were categorized according to probability of
occurrence and ranked according to most adverse
effect on waste isolation. The occurrence probabilities used in the categorization were consistent with those specified in the proposed
Federal standard (EPA 1982). Thase probabilities
are: (1) reasonably foreseeable (more than 1
chance in 100), (2) very unlikely (less than
1 chance in 100 and more than 1 chance in 10,000),
and (3) extremely unlikely (less than 1 cha;ice in
10,000) releases.

MEDIAN
17.000 yr

10 s
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CROUNDWATER TRAVELTtME. T w (ytl

«:i. 5 Cumulative probability distribution for
cvouirdwater traveltimes in a basalt flow top (from
Clifton et al. 1983).

From the 45 scenarios categorized, the Delphi
panelists selected those scenarios in each family
and each occurrence probability category judged
likely to have the most adverse potential for
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ratiionuclide release. The disruptions or changes
from nominal conditions selected for the occurrence probability categories in which 50X or more
of responding panelists agreed are listed below in
• order of decreasing degree of selection agreement.

are being performed 1n a team e f f o r t between
Rockwell Hanford Operations, P a c i f i c Northwest
Laboratory, Boeing Computer Services Richland, and
•various consulting f i r m s . A series of technical
reports w i l l be issued t h i s f i s c a l year that document these s t u d i e s .

Reasonably Foreseeable—Anticipated Disruptions

REFERENCES

1. Family 1: Estimation uncertainty of greater
than one order of magnitude in hydraulic conductivity (selected by 12 of 15 panelists,
with 1 abstention)
2. Family 3: Estimation uncertainty of >50X in
extent of host rock fracturing induced by
shaft, tunnel, and emplacement hole boring or
mining (selected by 8 of 15 panelists, with
4 abstentions)
3. Family 2: Seismicity of less than 6.7 magnitude, with faulting (selected by 7 of 15 panelists, with 2 abstentions)
4. Family 4: Nuclear fuel recovery by deep mining
methods (selected by 5 of 15 panelists, with
5 abstentions).
Reasonably Foreseeable—Unanticipated Disruptions
1.

Family 4 : Nuclear f u e l recovery by deep mining
methods (selected by 4 of 15 p a n e l i s t s , w i t h
9 abstentions).

Very U n l i k e l y — A n t i c i p a t e d Disruptions
1.

Family 1 : Undetected f l o w breccia of areal
extent > l / 2 m i 2 , which adversely a f f e c t s groundwater t r a v e l times (selected by 9 of 15 paneli s t s , with 2 abstentions).

Very Unlikely—Unanticipated Disruptions
1.

2.

Family 2 : Change i n transport properties causi n g a decrease of >50% i n groundwater t r a v e l times (selected by 10 of 15 p a n e l i s t s , w i t h
2 abstentions)
Family 4 : I r r i g a t i o n or other human-induced
p e r t u r b a t i o n of the hydrologic system r e s u l t i n g
i n adverse groundwater system changes (selected
by 4 of 15 p a n e l i s t s , w i t h 7 abstentions).'

Other study f i n d i n n s may be found i n the report by
Davis e t a l . (1983).
I n f u t u r e s t u d i e s , the Delphi process w i l l be conducted w i t h a larger panel representing many d i s c i p l i n e s and focusing the e f f o r t on development of a
consensus on scenario categorization by p r o b a b i l i t y
of occurrence. U l t i m a t e l y , the important scenarios
w i l l be characterized f o r input long-term performance assessment s t u d i e s .
OTHER PERFORMANCE STUDIES
As p a r t of the BWIP performance s t u d i e s , work i s
being conducted i n such areas as (1) computer code
v e r i f i c a t i o n , benchmarking, and documentation,
(2) preclosure s a f e t y assessment, and (3) subsystem
performance a l l o c a t i o n . Studies i n these areas
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SALT SITE PERFORMANCE ASSESSMENT ACTIVITIES
J. F. Kircher and S. K. GuptaBattelle Project Manaqement Division
Office of Nuclear Waste Isolation
Columbus, Ohio
INTRODUCTION
ONWI performance activities involve pre- and postclosure assessments and sensitivity and uncertainty analyses of the repository system and its
components at potential salt sites currently under
consideration. The geologic repository will consist of multiple natural and engineuring barriers
that physically separate the radioactive waste
from the accessible environment after closure.
Analytical and numerical methods ar& used for
long-tern assessments of the individual-components
of multiple barriers as well as the overall system. Performance assessment activities include
development, integration, verification, benchmarking, validation, and documentation of the
computer codes. The following sections provide
two brief examples of these activities.
COMPITER CODES AND THEIR STATUS
Table 1 is a tentative list of over twenty
documented computer codes selected for salt site
assessments. However, this list is not intended
to preclude use of alternative codes which may be
available in the future. The codes listed have
been documented and initially verified, but further verification and benchmarking using salt-site
related benchmark problems in NUREG/CR-3097* is in
progress. Additional benchmark problems are being
developed that specifically pertain to the
assessments of the potential salt sites.
Site-specific validation or real-world comparisons
of predictions by models with physical measurements will be planned wherever possible. While
experimental time is limited compared to the times
of interest, successfully predicting the results
of in situ experiments carried out over several
years can demonstrate confidence that the models,
based on physical principles, are sufficiently
accurate for long-term predictions. In addition,
scale model experiments offer the possibility of
scaling time such that a few years of experiment

* "Benchmark Problem for Repository Siting
Models", December 1982, prepared for Division of
Waste Management, Office of Nuclear Materials
Safety and Safeguards, U.S. Nuclear Regulatory
Commission, Washington, DC.
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time might be equivalent to hundreds or thousands
of years of repository time. For example, in heat
transfer, an appropriate experiment might consist
of an array of small (1-ft long) resistance
heaters with a programmed output where the size,
heat output, and array dimensions are determined
by use of Fourier's and Poisson's law. Time would
be normalized by a x t * L2 where a is the thermal
diffusivity, t is time, and L is the length of
heater sources. Thus, for example, if the experimental heaters and array spacings are made 1/10
the active length of the waste packages and
planned repository spacings, respectively, one
year of experiment time would simulate 100 years
of repository time because of the square power of
L. Opportunities exist for similar scaling for
other phenomena.
Specific validations are planned in conjunction
with the exploratory shaft activities, such as
validation of rock mechanics and thermal codes.
In addition, results from near-field permeability
studies can be correlated with flow models. Further validation studies, including nuclide transport studies, may be conducted in the Test &
Evaluation Facility (TEF) if a salt site is
selected for a repository.
Laboratory studies can also be used to assist in
site-specific validation using samples collected
from the prime salt site area. These studies,
well in advance of the TEF, can be used to help
validate nuclide transport models using groundwater and stratigraphic samples from the site
area. Flow experiments with tracers of iodine,
strontium, cesium, americium, and technetium may
be conducted. A-priori predictions of sorption
and nuclide transport can thus be made and
confirmed.
WASTE PACKAGE ANALYSES
ONWI is conducting performance analyses of conceptual .scent
fuel and reprocessed waste packages
in salt( 2 '). The current analyses are limited to
conditions expected after emplacement and do not
consider human intrusion scenarios that violate
the integrity of the salt formation. The results
address the question of how long the package will
last compared to the NRC regulation^) requiring
packages to last 300 to 1,000 years.

Table 1. Performance Assessment Computer Codes

Description

Code Name

Reference

Waste Package Subsystem Analysis
ORJGEN-2

KAPPA

Isotopic decay-chain analysis t o determine
ORNL-562l'"
radionuclide buildup during reactor operations,
and isotopic composition,thermal and r a d i a t i o n
output of waste as functions of t i m e .
Corrosion, r a d i a t i o n e f f e c t s , thermomechanical ONWI-452 (2)
response of c a n i s t e r , and radionuclide leaching
and transport from waste package.

Geochemical Analysis
PHREEQE

Coupled solution of thermodynamic
ONUI-435
equilibrium distribution of chemical species
(ion neutral species, ion pairs, and complexes)
in aqueous solution; evaluation of mass transfer
and solution compositions associated with
reactions between solid and f l u i d phases;
for equilibrium conditions.

Eq3/EQ6

I t e r a t i v e solution of reaction paths to
ONWl-472
thermal-dynamic equilibrium distribution of
chemical species (Ion neutral species, Ion
pairs, and complexes) 1n aqueous solution;
evaluation of mass transfer and solution
compositions associated with reactions between
solid and f l u i d phases; for equilibrium and nonequilibrium conditions.

(3)

(1)

Thermal Analysis
TEMP

Finite line source analytical hudl transfer.

(5)
Wurm, 1981

001

2-D finite-element heat transfer using linear
and nonlinear thermal properties and timedependent heat generation.

ONM3-«O(6)

HEATING 6/HEATING 5

2-D and 3-0 transient finite-difference heat
transfer with temperature-dependent thermal
properties and time-dependent heat generation.

GEOTHER

3-D finite-difference transient 2-phase water
flow and heat flow in porous media.

ONWI-434 ( 1 6 )

FTRANS

2-D finite-element transient water flow and
radionuclide transport in saturated porous
and fractured media.

ONWI-426"7'

NUREG/CR-0200 (7)

Coupled Ground-Water F l o * and Thermal/Mechanical Analysis
STAFAN

2-D f i n i t e - e l e m e n t transient coupled
water flow and deformation i n f r a c t u r e d
medic.

OflWI-427,(18)

M1GRAIN

Brine migration 1n salt induced by
temperature gradient.

,09)
ORNL-5818'

Radionuclide Transport Analysis
LAYFU)

1-D a n a l y t i c a l solution of radionuclide
transport i n multilayered porous media
(up t o s i x l a y e r s ) .

ONM1-46S^

HHT

1-D random-walk solution of radionuclide
transport with dispersion i n heterogeneous
porous media.

ONWI-432

UCB-NE

Series of semi-analytical solutions of varyONWI-36O(1) and <22)
Ing dimensionality, s p e c i a t i o n , phenomenology,
360(2)
and boundary conditions. Radiation Pose Analysis

Radiation Dose Analysis
,(23)

DACRIN

Chronic or acute Inhalation dose from
atmospheric pathways.

ONWl-4311

PABLM

Chronic or acute external and ing-sticm
dose from aquatic and t e r r e s t r i a l pathways
(including drinking water, ingestion of food,
and external exposure from water and ground),

ONWI- 4 4 6 ( 2 4 )
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Table 1 . Performance Assessment Computer Codes
(Continued)

Code Name

Description

Reference

Thermal-Mechanical Analysis
VISCOT

2-D finite-element transient thermo-elastir
and nonlinear thermal visco-piastic and elastop l a s t i c analysis.

ONWI-437

SALT-4

2-D viscoelastic transient creep of salt using
analytical (thermal) and displacement
discontinuity (deformation) formulation.

ONWI-429

STEALTH

2-D f i n i t e - d i f f e r e n c e thermal-hydraulic
analysis with nonlinear material behavior
of porous geologic media.

ONWI-256

Ground-Water Flow Analysis
NETFLO
FE3DGW

'

3-D steady-state water flow i n porous media
represented by network of links and nodes.

ONWI-425^ 1 ^

3-D f i n i t e - e l e m e n t t r a n s i e n t water flow i n
saturated porous media, with semiautomatic
mesh generation.

PNL-2939

Coupled Ground-Water Flow.Temperature. Solute and Radionuclide Transport Analysis
TRIPM

2-D f i n i t e - e l e m e n t t r a n s i e n t water flow and
radionuclide transport i n saturated and
unsaturated porous media,

ONWl-465^ 1 3 '

CFEST

3-D f i n i t e - e l e m e n t t r a n s i e n t water f l o w ,
and temperature, solute and radionuclide
transport i n saturated porous media.

PNL-4260^ 1 4 ^

SKENT

3-D f i n i t e - d i f f e r e n c e transient water f l o w ,
and energy, solute and radionuclide transport
in saturated porous media.

ONWI-457' 1 5 *

Analysis of Future S i t e Changes
FFSM

Analysis of synergistic effects of
ONWI-436
short-duration events and long-term processes,
with Monte Carlo selection of uncertain variable
values; to determine range of future s i t e
characteristics that may r e s u l t from climatic
v a r i a t i o n s , g l a c i a t i o n , sea level changes, f o l d i n g ,
f a u l t i n g , magmatic events, uplift/subsidence,
erosion/deposition, s a l t diapirism, and natural
s a l t dissolution.

S t a t i s t i c a l , S e n s i t i v i t y and Uncertainty Analysis
GRESS

C a l c u l a t i o n of d e r i v a t i v e s using as input
ORNL/TM-8339^ 26 ^
any code w r i t t e n i n FORTRAN involving
differential or partial differential equations.
Provides for automatic establishment of the
adjoint code of the input FORTRAN code.
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the waste package during the first few years and
maximum stress due to thermal gradients may be
exerted on the package during this period, with a
gradual decay down to lithostatic pressure during
the first decade after burial. Since this occurs
so early, 1t has no significant effect on package
life.

The waste package configuration being analyzed
is the borehole emplacement concept designated
Alternate II in ONWI-438.(29) The spent fuel
waste form assumed is disassembled PWR fuel pins
(SFPWR) and the assumed commercial high level
waste form (CHLW) is borosilicate glass. The
SFPWR can is surrounded by a 12 cm overpack of
1025 wrought steel and the CHLW canister by a
15 cm overpack. The borehole is assumed backfilled with about 2 cm of crushed salt (assumed
90?» theoretical density after some reconsolidation) around the package and up to the floor
level. The waste is assumed 10 years old at
emplacement, with the CHLW package initially
generating 9.5 kW of heat and the SFPWR package
5.5 kW.
The history of the waste package is being computed
using the WAPPA code,(2) which is a subsystem
model of the combined effects of transient temperatures, stresses, radiation levels, and chemical
boundary conditions at the package surface on the
corrosion and failure of the package barriers and
on the leaching of the waste form. In the present
application of WAPPA, the package failure calculation is essentially a one-dimensional radial geometry integration of overpack corrosion rates at
the outside of the overpack wall over the time
history of the package until the corrosion allowance is exceeded and it is assumed crushed under
lithostatic pressure.
Calculations for the two waste types in the Palo
Duro basin, for instance, (Fig. l)(27) shows the
CHLW temperature peaking at one year and 230 C and
decaying more rapidly than the SFPWR, which peaks
at 130 C and five years. The latter contains a
higher proportion of actinides which results in a
slower decay of heat generation. The temperaturedependent corrosion rates are higher therefore,
for CHLW before the crossover point of 350 years
but higher for SFPWR after 350 years. Creeping of
the salt is expected to close the borehole around

Brine flow toward the package 1s expected to be
driven only by the thermal gradient. The brine
was allowed to accumulate at the package with no
outflow. Transient temperature gradients were
computed and input to the brine migration code
BRINEMIG [a derivative of code MIGRAIN(30)] to
generate the rate of brine inflow to the package.
Brine flow theory predicts that brine will not
flow below a threshold temperature gradient which
is reached in a few hundred years. However, nothreshold brins flow rates were also computed up
to 10,000 years. Brine flow was generally greater
for CHLW than SFPWR, and was tenfold lower for the
Richton dome than the other formations because of
the lower water content of its salt. Corrosion
rates of 1025 wrought steel are dependent on temperature, brine composition, and radiation level.
The corrosion process with high Mg brines (the
expected condition for Palo Duro) is anticipated
to corrode only 2 cm of the 5 cm corrosion allowance (Fig. 2).(27) Corrosion then stops indefinitely because no more water is available to
react with the Iron in the overpack. Expected
corrosion in a low Mg brine for an SFPWR overpack
(in the Richton Dome, for instance) with a 2.5 cm
corrosion allowance, predicts package failure only
after 7,000 years. This result also applies to
low Mg brine intrusion scenarios for all of the
salt formations.()
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Effect of brine rate on corrosion of CHLW
overpack in Palo Duro Basin

The gross brine accumulations at the package with
and without brine flow threshold are shown in
Fig. 3 for the SFPWR package in Richton Dome.
This figure shows that all of the brine reaching
the package is immediately used up by reaction
with the overpack. For the CHLW package in the
Palo Duro Basin, the greater brine flow may exceed
even the high Mg brine corrosion rate during the
first 40 years, but at later periods all of it
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Fig. 1. Temperatures at salt-overpack interface
of waste packages in Palo Duro Basin
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would Be consumed by reaction with the overpack.
The net accumulated brine volume is a critical
variable in estimating the quantity of radionuclides that will be released from the package
under expected conditions in the repository. Even
if the package is breached, the product of the
solubility limit of the radionuclide 1n the brine
times the net accumulated brine volume is an upper
limit on the release of radioactivity from the
waste package.(31) n follows that if the net
volume of thermally driven brine is nearly zero
due to consumption of water by corrosion, the
radionuclides released from the package will also
be nearly zero.
—

The Lower Hydrostratigraphic Unit (HSU 0 consists
of Pennsylvanian age "granite wash" arkosic sandstone, Pennsylvanian carbonates, and Permian age
Wolfcamp carbonates. These deep brine aquifers
are separated by various deep basinal shale; but
may be regionally grouped into one hydrostrsiigraphic unit.
The Lower Unit brine aquifers have been explored
for oil and gas production throughout the Palo
Duro Basin. Drill-stem tests provide 5502 formation pressure data points in the basin.(35)
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Accumulated brine at SFPWR waste package
In Richton Dome
SITE ANALYSIS

Performance assessments in support of siting
activities include ongoing studies of potential
sites in domal and bedded salt in Texas, Utah,
Mississippi, and Louisiana. Recent site related
work has been summarized in a series of
papers.(32-34) Results presented for two
potential sites in the Palo Duro Basinl 34 ) are
summarized here as an example of current work.
Figure 4 illustrates a generalized stratigraphic
column of the Palo Duro Basin in the vicinity of
the two potential sites. The geologic formations
have been divided into three hydrostratigraphic
units. The Upper Hydrostratigraphic Unit (HSU A)
consists of the Triassic Dockum Group and the
Tertiary Ogallala formation. The Dockum and
Qgallala are assumed to be hydrologically connected on a regional scale and are grouped into
the same hydrostratigraphic unit. Both are fresh
water bearing, although the Dockum becomes saline
near its base. The Ogallala is heavily used for
irrigation, industrial and municipal water
supplies throughout the Texas High Plains.
The Middle Hydrostratigraphic Unit (HSU B)
consists of Permian age evaporites and shales,
including the Lower San Andres Unit 4 salt which
is the proposed repository horizon. The Middle
Unit is considered a regional aquitard.

Fig. 4. Generalized hydrostratigraphic column for
the Palo Duro Basin area of Texas and New
Mexico
Initial examination of the data indicated that
the pressures 1n the deep aquifers were subhydrostratic and that equivalent fresh-water heads
were several hundred to over a thousand feet below
heads measured in the overlying Ogallala. This
definite downward potential for flow across the
salt section to the deep basin brine aquifers
suggests they would be the most likely path for
any potential release of radionuclides to the
accessible environment.
Potentiometric and permeability data, along with
other pertinent geologic data, were used by Intera
to develop a regional groundwater model of the
Palo Duro Basin. The intent was to define the
flow direction and rate in the lower unit, and to
determine the sensitivity and uncertainty in the
data base.( 36 ) Many simulations were performed
using various values for hydraulic parameters combined with varying boundary conditions. Two of
these, simulation B and F shown in Fig. 5, are
considered representative of actual conditions 1n
the deep basin flow system. The difference
between the two simulations is the assumed horizontal conductivity (Kh) of the "granite wash"
sandstone along the Amarillo Uplift. If the high
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Kh is chosen the uplift acts as a sink and pulls
the flow lines to the northeast toward the uplift
and then parallel to the uplift as shown In
Simulation F. A lower Kh along the uplift.
Simulation B, has a less pronounced effect but
flow 1s still to the east-northeast from Deaf
Smith and Swisher counties.
Travel times were also calculated for both sites.
Table 2 lists the time required for a particle to
travel 10 Km when introduced Into the Wolfcamp or
"granite wash" aquifers at reference positions in
Deaf Smith and Swisher Counties.

I'

greatly extend travel times under natural conditions, and make the results shown quite conservative. Second, no estimates of retardation are
considered In any of the calculations. The
assumption 1s made that radionuclides will travel
at the same rate as the groundwater, In
reality,retardation will slow down radionuclide
migration considerably and will add another margin
of safety to the long-term isolation of nuclear
waste.
SUMMARY
During this year the first selection of the tools
(codes) for performance assessments of potential
salt sites have been tentatively selected and documented; the emphasis has shifted from code development to applications. During this period prior
to detailed characterization of a salt site, the
focus is on bounding calculations, sensitivity and
uncertainty analysis with the data available. The
development and application of improved methods
for sensitivity and uncertainty analysis is a
focus for the coming years activities and the subject of a following paper in these proceedings.
Although the assessments to date are preliminary,
and based on admittedly scant data, the results
indicate that suitable salt sites can be identified and repository subsystems designed which will
meet the established criteria for protecting the
health and safety of the public.
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INTRODUCTION

the models includes estimates of parameters,
their uncertainty, and their cross and
spatial correlation. The outputs include
typical flow predictions and their
uncertainties expressed as covariances.
Furthermore, field observations of
potentiometric head are used to improve the
parameter estimates, by accounting for
parameter uncertainties and the sensitivity
of the head to parameters. Extensions of the
approach to travel path and travel time
uncertainty calculations, and the relative
roles of first order and systematic multiple
run approaches are discussed.

Sensitivity and uncertainty evaluations are
important components of repository
performance assessment. Far field groundwater flow is one of the most critical areas
of application for these evaluations, in
which the uncertainty of predictions of
radionuclide travel paths and travel times
from the repository to the accessible
environment must be explicitly evaluated.
The mathematical models commonly used to
assess performance can be modified or
augmented in order to account for uncertainty
in their parameters, as well as the
conceptualization of repository and natural
systems that they embody. There are a number
of approaches for accomplishing this, in
particular the use of systematic multiple
model runs and the use of first or second
order, second- moment models. The first
approach is exemplified by Monte Carlo and
Latin hypercube sampling techniques, while
the adjoint sensitivity technique is
representative of the second.

BACKGROUND
The two uncertainty approached can best be
explained by examining a simple scalar '
mathematic'I model. Let f be a generic
output, a function of some input variable
x. For example, x could represent the
parameters of our ground-water flow model,
while f could be the calculated
potentiometric head or some performance
measure such as the travel time or travel
path from the repository to the accessible
environment. Then our model is f = f(x).
Because we deal with deep geologic basins
that are difficult and expensive to sample,
and spatially heterogeneous, the variable x
and the function f are uncertain. We can
esti* ate input x and assess its uncertainty
through both objective statistical analyses
of the data, and subjective probability
estimates based on our combined geologic and
hydrologic experience. This assessment is a
major undertaking and is not addressed
further in this paper. The uncertainty of x
is represented by a probability density
function (PDF) and its statistics such as the
expected value E(x) • x and variance
Var(x) = E[(x - x) 2 ] - o Z .
To find the

These approaches have value in site
characterization, as well as performance
assessment. Systematic uncertainty analyses
aid the synthesis of available data, leading
to improved models and parameter estimates.
By explicitly accounting for data uncertainty
and the sensitivity of performance measures
to that uncertainty, the analyses can be used
to guide future data gathering efforts.
Finally, the analyses provide quantitative
estimates of performance uncertainty,
permitting a ready evaluation of our ability
to perform reliable performance assessment.
In this paper first order, second moment
approaches are illustrated by application to
far field flow in aquifers near potential
bedded salt repository sites. The input to
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b.

output uncertainty we follow one of our two
approaches, which are illustrated in Figs.
1 and 2.

DATA

DATA

x,Var(x)

PDF(x)
With the multiple model run approach various
discrete values of x, which we'll call x>,
are synthetically generated from the
PDF(x). A sufficiently large number of these
generated values will insure that the
original PDF is preserved. The Monte Carlo
method generates the Xj's randomly over the
range of the PDF. The Latin hypercube method
subdivides the range into equal probability
intervals and randomly generates the same
number of jtj's within each interval. It
usually requires fewer values of x^ than the
Monte Carlo method to preserve the PDF. Each
generated value of x. is fed into our model
to yield an output fj " fdcj). The output
can be arranged as a histogram, and the PDF
of f and its statistics f and a are
estimated. One important feature of this
approach is that it accounts for non-linear
relationships between input and output, at
illustrated in Fig. 2. However, because of
the finite number of model runs the output f
is only approximately estimated.

GENERATE x ;
fi-«*i>

REPEAT?
EAT?
+
NO

YES

2

3x2

,af *

*—I

FORM OF PDF KNOWN ?
HISTOGRAM of

IF YES
CONSTRUCT
PDF(f)

CONSTRUCT PDF(f)

Fig. 1 Multiple run (a) and first order,
second moment (b) approaches to model
output uncertainty estimation, for
the scalar model f-f(x).

f • f(x) , or our original model with x
replaced by its expected value. The
uncertainty of the output is represented by
the variance of f; o* - Var(f) - E[(f-t) 2 ].
Using the first order estimates of f and f
this becomes:

The first or second order, second moment
approach uses an approximation to f(x), and
only the first two raonents of x and f, the
expected values and variances. The
approximation is based on linearizing the
relationship f(x) around the expected value
of x:

a* - Var (f) ^ E[(f(x) +

^

f(x)

The output uncertainty depends on the input
uncertainty and the sensitivity of the output
to the input, as represented by the
derivative, df/dx, which is the slope of the
f(x) curve »t x (see Fig. 2 ) . There are
several ways of calculating the derivative in
this expression. Among these are direct
methods, adjoint methods, and the use of
indirect methods to yield o| without
explicitly determining the derivative. For
far field flow these methods are discussed in
the Appendix. If the form of the output PDF
is known, then it can be constructed from the
statistics f and o| . The most important
feature of this approach is that it usually.,,
involves a significantly smaller
computational burden than the multiple run

where the derivatives are taken at x • x .
This is called a Taylor series expansion.
Neglecting higner order terms on the right we
take the expected value of this expression to
find the expected value of the output:

f «E[f(x>] - f(x) +-|
where E [ X - X ] ™ 0 and the definition of 0"^
has been used. This expression accounts for
zero'th, first and second order terms in our
approximation and is called a 'second order
estimate of the expected value' of output
f. The first order estimate is simply
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approach. However, because f(x) is
approximated by linearizing about the
expected value of x the method is
approximate.
Applied far-field flow models are much more
complex than our simple example f(x). There
are many input variables or parameters,
perhaps thousands in the full threedimensional models of flow used in the
vicinity of bedded-salt sites. In these
applications the correlation of parameters in
space, and the correlation between different
parameters associated with the same spatial
location must be accounted for. These
considerations vastly increase the cost of
data analysis and model output uncertainty
estimation. The cost advantage of one
approach of uncertainty analysis or another
depends on the model, the number of
parameters and their correlation, and the
type of output sought.

RESPONSE
OR
OUTPUT

SAMPLED RESPONSE
TRUE RESPONSE

f

— LOCAL SENSITIVITY

INPUT X

Fig. 2

Output f as a function of input x.
Firat order estimate f-f(x) it shown.

potentiometrie head an* travel paths, these
extra runs also give us a better picture of
the frequency of spatial variations than do
the first or second order expected values,
which are smoothed estimates of the output.

An important aspect of uncertainty analysis
is the sometimes hazy distinction between
parameter uncertainty for a given conceptual
model of the flow field and the uncertainty
associated with the model itself. Consider
as an example the issue of salt section
vertical hydraulic conductivity. One
hypothesis may be that the salt section at a
given site is essentially impervious.
Another hypothesis may be that the section
has some vertical conductivity. Are these
alternative conceptual models, say fj and f2,
each requiring its own parametric uncertainty
analyses; or is the concept of an impervious
section equivalent to t""e zero conductivity
end of the hydraulic conductivity PDF, in a
single parametric uncertainty analysis? The
distinction is not academic. First order,
second moment methods apply to a specific
conceptualization. When discrete alternative
hypotheses are to be evaluated, multiply run
methods drawing from the probabilities of the
discrete hypotheses are essential.

First order, second moment analyses of
ground-water flow in the vicinity of the Palo
Duro Basin site are illustrated below. The
mathematics for these calculations are given
in the Appendix. Multiple run analyses for
bedded salt sites have been presented
previously, but without formal statistical
analyses (Deyling et al, 1983; INTERA, 1984).

THE PALO DURO WOLFCAMP MODEL
Regional Flow Field
Figure 3 depicts the Palo Duro Basin, one of
two bedded salt sites currently under study
by the Office of Nuclear Waste Isolation
(ONWI). Potentiometric head data in the
Wolfcamp formation beneath the salt section
have been compiled by ONWI's site contractor,
Stone and Webster Engineering Corp. (SWEC),
and are plotted in Fig. 4. The data is based
on drill stem tests from either Department of
Energy (DOG) tests or Petroleum Institute
(PI) files. SWEC has culled the data to
remove what they consider to be anomalous
head values, in particular depressurized
heads caused by oil and gas extraction, to
leave the 30 observations shown in the

A final aspect to consider is that first
order, second moment methods are approximate
linearizations around the expected values of
the parameters. Whenever possible, they
should be supplemented with at least a few
multiple runs drawn randomly from the input
PDF's. Comparing these results to the first
or second order results, insure that the
linearizations are appropriate. For
spatially variable output, such as
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Fig. 3

Fig. 4

Location map for the Palo Duro Basin
Wolfcamp Model

figure. The head observations have been
smoothed by a machine contouring package,
resulting in an inferred flow field with a
west to east trend (flow is essentially
orthogonal to the plotted equipotentials).
This flow originates in a recharge zone
located west of the Pecos River VilTiyof-New—
Mexico, and travels to a discharge zone
located to the east of the Palo Duro Basin.
The northeast component of flow toward the
Amarillo Uplift has been interpreted by
INTERA (1984) to be a consequence of high
conductivity granite washes along the flanks
of the uplift.

AMAHILLO unin

SWEC Contoured observed
potentioraetric heads in feet, for
Wolfcamp formation. Observation
point shown by circles (Deyling et
•1, 1983).

assumed to be a completely confined aquifer
with negligible vertical leakage.
INTERA1s (1983) two-dimensional finite
element model of flow in the Wolfcamp gives
•the -potentiometric head pattern shown in
Fig. 5a. Boundary heads are prescribed on
the west and east, based on interpretations
of head data predating SWEC's. The Wolfcamp
is assumed to be discontinuous over the
Oldham Nose uplifts to the northwest (see
Fig. 4) and the Amarillo uplift to the north,
so that the northern boundary is taken as a
no-flow boundary. The southern boundary is
assumed to be a 'streamline' p.o-flow
boundary, based on the near orthogonality of
equipotenia!s to this boundary on the contour
plots (see, e.g., Fig. 4 ) . In this early
simulation model properties are divided into
three zones, shown in Figure 5a. The small
zones to the south of the uplifts represent
an enhanced horizontal hydraulic conductivity
of K « 1.3 ft/day, presumably caused by the
presence of granite wash along their
flanks. The rest, of the basin is assumed to
have a uniform conductivity, K » 2.6 x 10
ft/day. The model demonstrates the west to
east flow that characterizes t..e basin, with
a northeasterly component near the Amarillo
uplift.

Historic Model
Deterministic models of ground-water flow in
the Palo Duro Basin are under development
(e.g.; INTERA 1983, 1984). Fully threedimensional models are being used to assess
the propensity for ground-water flow downward
through the Permian salt beds, from the
overlying Ogallala and Dockura formations to
the underlying Wolfcamp and Fennsylvanian
deep formations. These simulations and the
field evidence indicate that the Permian salt
beds nay effectively segregate the flow into
deep and shallow systems. Furthermore, there
is evidence of a continuous shale layer,
reducing communication between the two deep
units, at least within the Palo Duro Basin.
Hence, at least for the purpose of the
studies presented here, the Wolfcamp is
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conductivity estimate employed is considered
relatively weak, due to a lack of data, and
is assigned a standard deviation of the log
conductivity of Oy » 2,
where y • log K. The conductivity estimate
for the remainder of the basin is based on
several tens of samples, and is considered
relatively reliable with a <rv = 1.
The
uncertainty of the predicted heads, based on
these parameter uncertainty estimates and the
first order, second moment model (5) is shown
in Fig. 5b. The uncertainty of predicted
heads near the center of the basin is 150
feet in terms of standard deviation. Near
the boundaries it increases to several
hundred feet. The uncertain boundary heads
obviously dominate the uncertainty of the
predicted heads in this model. This raises a
question about the restricted size and
somewhat arbitrary boundary conditions of the
regional model employed, which are currently
being explored.

Uncertainty of Historic Model Prediction
The simulated head field shown in Figure 5a
is subject to two major sources of
uncertainty. The first source is the assumed
conceptual model. The second source is the
assumed parameter set. The conceptual model
and its uncertainty is still under
investigation, although some early results
are in press (INTERA, 1984). The effects of
parameter uncertainty have been primarily
examined via deterministic multiple
simulation and adjoint sensitivity analyses,
without attempts to quantify the parameter
uncertainty itself (INTERA, 1983, 1984). The
first order, second moment results presented
here are the first quantitative uncertainty
evaluations for ground-water flow models near
potential bedded salt sites.
Using the first order, »econd moment models
presented in the Appendix, which are embodied
in a computer code developed by Townley and
Wilson (1983), INTERA h«s reev«lu»ted the
Wolfcamp regional flow model. The historic
first order prediction of expected
potentiometric heads (see Equation 4 in
Appendix) is already given in Fig. 5a. Here
the parameters are the model input and head
is the output. The parameter uncertainty
estimates are based on a subjective
evaluation of the data available at the
time. The estimated boundary heads are
subjectively estimated to have a standard
deviation of 500 feet. The granite wash

Parameter Estimation - Improved Model
The historic model's direct use of observed
heads has been restricted to the setting of
boundary conditions. Afterwards, the model
expected value calculation is simply compared
to the observations (e.g., Fig. 4) to
determine whether or not it is reasonable.
As described in the Appendix (15) the
observed and calculated heads can be
quantitatively compared, and the difference
between them used to guide us toward more
reasonable estimates of parameters. As an

400--2;
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Fig. 5b Predicted head standard deviation, in
feet, based on first order, second
moment model uncertainty.

Fig. 5a Predicted potentiometric heads, in
feet, based on INTERA's historic
conceptual model of the Wolfcamp
(IMTERA, 1983, 1984).
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ad hoc approach this procedure is often used
by geohydrologists to 'calibrate' their
models. The Appendix describes a first order
method that seeks to perform this data
synthesis and parameter estimation excercise
much more systematically. The method
accounts for our initial uncertainty of the
parameters, based on their prior estimation
from direct observations, and for the
sensitivity of the heads to these
parameters. Parameters which have a
significant effect on heads are thus
indirecty 'observable' from measurements of
the heads. This procedure is sometimes
called an inverse solution of the parameters.
Figure 6 illustrates the results of one such
study. As a prior estimate the three
conductivity zones are assumed to have the
same, low conductivity K » 2.6x10
ft/day,
but with different uncertainties. This low
conductivity Value seems reasonable for the
largest zone, so o\, • 0.5 there. For the
supposed granite wash zones, a v • 5.0,
indicating that these zones have very poor
prior estimates. The prior estimated
boundary heads are taken from Fig. 4, the
most recently available data, and assigned
standard deviations of 200 feet to be more in
line with the uncertainties observed in
recent geostatistical analyses. The 30
culled SWEC observed heads of Fig. -', are
considered to have measurement errors with a
standard of deviation 100 feet for PI data
and 50 feet for DOE data. The inverse
7/HARTLEY
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solution compares predicted vs observed
heads, and revised vs prior estimates of
parameters, leading to a new estimate of the
parameters that attempts to preserve the
integrity of the observed heads. At the end
of this procedure, the newly estimated
posterior conductivities are K « 4x10
it/day for the west and north granite wash,
and K - 2.5x10n-3 ft/day for the rest of the
Wolfcamp, with o y « 0.6, 1.1, and 0,5,
respectively. The inverse solution strongly
supports the hypothesis of high conductivity
zones along the flanks of the uplifts.
The posterior estimates of boundary heads and
uncertainties are shown in Fig. 6, as are the
conditional first order, second moment
estimated interior heads and uncertainties.
Once again the boundary condition uncertainty
dominates the uncertainty of the predicted
heads. The weighted mean square error of the
estimated heads relative to observed values
is designated J^ in the Appendix (Equation
6).
In this example the error is Jj»228.
The error for the historic simulation (Fig.
5) is almost twice as large, J,«441. By this
criterion the predicted heads in Fig. 6a
preserve the observations; but a comparison
of Figs. 6a and 4 reveals that there is at
least one systematic difference. In the
soutliwest corner of the model predicted heads
exceed 3,000 ft, whereas observed heads in
Fig. 4 do not exceed 2,900 ft. Although this
is only a difference of 100 to 150 feet and
well within the uncertainty bounds implied
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Fig. 6a Predicted potentiometric head, in
feet, after inverse estimation of
zoned hydraulic conductivities and
boundary heads.

Fig. 6b
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Predicted head standard deviation,
in feet, after inverse estimation of
zoned hydraulic conductivities and
boundary heads.

parameters. Multiple run methods will be
used to verify the first order results, to
further examine the spatial variability of
flow, and to examine alternative conceptual
model hypotheses. Although this work is
still in progress, the results presented here
demonstrate that we can quantify the effects
of parameter uncertainty on performance
assessment ground-water models.

by Fig. 6b, the 3,000 ft prediction is
unrealistic. SWEC has only observed heads
this high further west, at least 30 miles
beyond the model boundary (see Fig. 5 in
Deyling eC al, 1983). This difference is
another artifact of the somewhat arbitrary
boundary conditions and boundary location
employed in the model, that is under
investigation.

TRAVEL PATH, TRAVEL TIME

APPENDIX
FIRST ORDER, SECOND MOMENT
GROUND-WATER FLOW MODEL

Travel path and travel time calculations are
crucial components of performance assessment
within DOE guidelines. These calculations
are usually performed using a particle
tracking computer code, employing calculated
heads, estimated hydraulic conductivities and
porosities, and Darcy's law. The calculated
path is influenced by uncertainties in the
calculated heads (e.g., Fig. 6b) and the
parameters. In the multiple run approach
parameter sets a m synthetically generated
from the estimated parameter PDF's and crosscorrelations. These are fed into a flow
model and subsequent travel path model,
giving a unique flow field and travel path
for each generated parameter set. With a
sufficient number of runs the statistics of
the travel path and travel time can be
determined. A similar calculation, using
conditional simulation of observed heads
instead of a flow model, is described in
Devary et al (1983). In the first order,
second moment approach the expected path and
its uncertainty is sought. The simplest
first order model yields a fixed travel path
with no uncertainty, but with an uncertain
travel time along the path. More
sophisticated first order models are being
explored that permit the location of the path
to be uncertain as well. We are developing
both multiple run and first order travel path
and travel time uncertainty calculations for
the ONWI performance assessment program.

Flow Model

Consider far field ground-water flow in the
vicinity of a bedded salt site as described
by the partial differential equation
V«KVh + Q - 0

(1)

where K is a hydraulic conductivity tensor, h
is potentiometric head and Q represents
sources and sinks. For this paper we neglect
salinity and temperature effects, and assume
essentially steady-state conditions. Using
numerical techniques (1) has the matrix form
K h

(2)

where K is the (nxn) conductivity matrix, n
is the number of discrete node points, h is
an (nxl) vector of nodal point potentiometric
heads, and _f_ is an (nxl) load vector that
depends on boundary conditions, sources and
sinks. Equation (2) can be considered as a
system of water balance equations, each line
of which is centered on one of the n node
points. Both finite elements and finite
difference methods are used to solve (2) for
bedded salt sites. The examples given in
this paper use finite elements.
Uncertainty Estimates
The conductivity matrix £ is a function of
uncertain and spatially variable properties,
such as the hydraulic conductivity K, and
uncertain boundary conditions. The load
vector _f_ also depends on uncertain boundary
conditions, and on uncertain sources and
sinks. Because of this parameter uncertainty
the potentiometric head predictions h are
uncertain, as would be any ancillary
predictions of travel path and travel time.

CONCLUDING REMARKS
For the ONWI salt site program we are
integrating various approaches to the
analysis of far field flow uncertainty. This
paper has emphasized the first order, second
moment approach. It permits the cost
effective estimation of far field flow, and
accounts for the uncertainty of input
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where _H_ i« » sparse (mxn) raitrix that
interpolates the nodal heads h_onto the
measurement location!, and R is an (nxn)
measurement covariance matrix. Jj, or
measures similar to it, are widely u*ed *t
measures of 'goodneis of fit1. The diagonal
of R ,containing the variance* of observed
heads, represents how uncertain each
observation is. It is influenced by inherent
local scale head variability (Bakr et al,
1978), and by measurement error. The former
is spatially correlated, while the latter is
usually considered to be random. The offdiagonal of R represents the effect of the
local head variability correlation
structure. If the observation points are
closely spaced, then this correlation should
be considered, in order to avoid putting too
much emphasis on clustered and redundant
data. Measure Jj can be calculated for a
parameter estimate u by determining predicted
heads via (2) and substituting into (6).
Alternative parameterization! can then be
quantitatively compared.

Designating the vector of all parameters as
u, then let us assign each parameter an
expected value u_ • E[u] and a covariance
measure of its uncertainty, ?ua.

P

- E[(u - G)T(u - u)]

(3)

—UU
—
—
—
— '
Where superscript T represents a transpose.
The diagonal of this matrix contains the
variances of each parameter. Depending on the
data base u and JJ^ may be objectively or
subjectively estimated. With sufficient
spatial data a spatial property such as K can
be objectively estimated using Kriging
(Clifton and Neuman, 1982; Townley and
Wilson, 1983). With less data objective
statistics must be interwoven with subjective
geologic and hydrologic knowledge.
Expanding (2) in a Taylor Series about £
yields (Dettinger and Wilson, 1981):

(4)

K(u)n - f(u)

Other performance measures of possible
interest for site characterization or
modeling purpoies are head «t a point,
velocity at a point, and flux through a
boundary (INTERA, 1983). For performance
assessment travel path and travel time are
important performance measures, but they
involve mathematical complications for first
order methods that are still under
investigation and are not addressed in this
paper.
: ,:•

31h

3h
P (u)
~hh~

(5)
3u

uu

3u

where the derivatives in (5) are evaluated at
u =* u. • Equation (4) provides the first
order expected value estimate of the heads
h = EfhJ. It is simply our standard
numerical model, with parameters assigned
their expected value. Second order estimates
of expected head require the second
derivative of the head wiih respect to
parameters. The head covariance matrix Puu
is a first order estimate. Its diagonal is
composed of the nodal point head variances, a
measure of head uncertainty. To find these
variances via (5) we need to find the first
derivatives 3h_/3u^ at u .

The expected value and uncertainty of the
performance measure can be estimated using a
Taylor Series expansion about u , yielding
(Dettinger and Wilson, 1981):

(5)-(z. -Hh)V1(z.-Hh) (7)
Often one or more simple scalar measures of
performance can be specified, in order to
determine how well the model (2) is
performing, or to determine repository
performance. We'll illustrate this concept
by specifying a performance measure J, (u_)
which describes how well the model preserves
observed head data (Townley and Wilson,
1983). Suppose there are m observed values
of head, jz^, then

.(u) « (z. - Hh)TR~1(z. - Hh)
1 —
—n
—
—
—n
-~-

.

dJ

2

l

dJ

| T

Var<J1|)-E[(Jl1-Ji ir]-(--y> P (-4)
du

(8)

uu du

The derivative dJj/duJ is given by
dJ.
T
du

m

3J.
J
"T
3u

3J
+

3h
T

3h

X

(9)

3u

Once again the first derivatives 3h/3u_
are required.

(6)

544

at u_

The second option refers primarily to
problems similar to (9), in which the
uncertainty of a scalar performance measure
is sought. Redefine Jj as
J x - Jj - A.T{K(u)£ - _f(u>}, where the second
term satisfies (4) and is zero, and
where X is an arbitrary non-zero vector. The
the derivative of J, becomes

There are nxp derivatives in tha 3h/3iu
matrix we have found in (5) and (9), where p
is Che number of parameters. This matrix can
be filled by taking the derivative of (2),
using the so-called direct sensitivity
approach (Dettinger and Wilson, 1981; INTERA,
1983))*' For example, the derivative with
respect to the k
parameter is given by
3h
3f
-r=- - -s=
3u
3u
k
k

3K „
-~- h
3a
k ~

1

(10)

3J.
1

3J,
, 1

3u

3u

s- * -i—f

—f
du

T

where derivatives are again evaluated
at u_ . This equation has the same form as
(2) and is solved using the same numerical
scheme. However, it must be resolved p
times; one time for each and every parameter
of interest. For a numerical scheme
involving hundreds of element or block
properties, this requires hundreds of
solutions of (10). Clearly this is an
expensive undertaking. There are
alternatives that by avoiding calculations of
the derivative matrix, 3h/3u^ ,can offer
significant computational savings.

«(u)P KUO=(K~)£
hh

3u

uu

(K—)

3K

3u

3u T -

(12)

u

which is called the adjoint equation, and the
vector X is said to be the adjoint state
(INTERA7 1983). This equation is solved once
for X using the same numerical scheme as
(2). The result is substituted into the
residue of (12) to yield the performance
measure sensitivity:

dJ,
3u

T

3u

3f

—

T

3h

i —y

Taking X such that the second term disappears
yields ~
3J,

The first option refers specifically to (5),
in which the uncertainty of the entire flow
field is sought. L. Townley and the senior
author suggest solving instead (Townley,
1983):
3h

,T ,». 3h
A K(u), —

*

i+

3u

T

31
—

T
3u

3uT

(11)

3u
The performance measure uncertainty is then
found via (8). An equation similar to (13)
must be solved for each performance measure
evaluated. Consequently, the adjoint
approach is preferred over the combination of
(9) and (10) whenever the number of
parameters is larger than the number of
different scalar measures.

which can be found by simply pre- and postmultiplying (5) by K. The product
(K 3h/3uT) is sparse and well structured, and
is easily and inexpensively filled as the
right-hand-side of (10), Then _Phh is found
by repetitive application of the numerical
equation solver used in (2). First let A •
Zhfw an<" ^et .2. '3e t^'e r ig nt ~hand-side of
(11), then JCa_. * _q_-, for j • l,2,..n, and _K_
^ ^ " _A are solved column by column for
R . . Utilizing the sparse and symmetric
strucure of K and Q, and the symmetric
structure of P^ gives something less than 2n
sets of solutions. This method is roughly
preferred over (5) and (10) whenever the
number of parameters p > 2n. As this is
usually the case in applied models of
regional flow the method of (11) is
preferred.

Parameter Estimation
Ground-water flow parameter estimation using
performance measures similar to Jj have been
attempted for two decades. These methods
have often failed to provide physically
plausible estimates, primarily because they
do not account for prior knowledge of the
parameters. However limited that knowledge
may be, it is still appropriate to take it
into account during the parameter estimation
exercise. A new performance measure J can be
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repository or MRS facilities compared to new
designs that would be capable of transporting
significantly more "colder" fuel per shipment. A
new generation of casks could reduce the number
of shipments required and costs significantly.

INTRODUCTION
The importance of transportation to full
implementation of the Act should be obvious to
everyone here today. A safe and economical
transportation system must be available when
needed to support Federal Interim Storage (FIS)
and spent fuel research and development
activities in the near-term and repository
facilities and Monitored Retrievable Storage
(MRS) facilities over the longer term. This
transportation system must include equipment,
especially casks; on-site services at reactors
and storage or disposal facilities; and actual
transportation or carriage.

Considerable time and effort is required to
develop, test, license, and construct a fleet of
new casks. For example, the most recently
certified rail cask design, the NLI 10/24, took
five years in the design and certification
process alone. Further, the regulations
governing cask design have continued to evolve
and become more stringent over the years.
There Is sufficient time to develop, license, and
construct a new generation of casks, but there is
little current financial incentive for the
private sector entitles in the U.S. to undertake
this now on their own initiative. There 1s no
major near-term domestic demand for these casks,
and DOE will in all probability be the only major
customer for them in the future. It follows that
their availability will depend on some form of
near-term incentives or contracts by DOE.

The Department of Energy's (DOE) responsibilities
for the transportation of commercial nuclear
materials were greatly expanded through passage
of the Nuclear Waste Policy Act of 1982 (the
Act). DOE must now take title to spent fuel or
high-level nuclear waste (HLW) at the reactor or
shipment origin and arrange for tneir
transportation to storage or repository
facilities. Furthermore, the Act requires that
these transportation activities be performed by
private industry to the maximum extent possible
and be subject to regulation by the Federal
government.

Such incentives or contracts need to be developed
in the context of an overall contracting
strategy. In developing this strategy, the
Department must be mindful of several
considerations. For example, market competition
should be maintained and several reliable sources
of supply in the future assured. Conditions
could exist where the only surviving private
sector suppliers will be those directly or
indirectly involved with DOE in serving both its
commercial and defense needs. In addition,
issues of cask ownership must be resolved, and
sufficient lead time for cask design
certification and testing must be allowed.

Before describing our plans for accomplishing
this mission, I would like to first provide a
perspective on the problems and issues that
influence our strategies.
CURRENT SITUATION AND MAJOR ISSUES
Of particular concern to DOE are the shipping
casks that will be needed. Only limited types
and quantities of shipping casks capable of
transporting spent fuel or HLW are available
today. Most of these casks were designed to ship
fuel to reprocessing plants shortly (within six
months to a year) after discharge from the
reactor. Thus they were designed to ship fuel
that is considerably "hotter", both in terms of
heat and radiation, than fuel that has been
stored for over 10 years following reactor
discharge as would be typical of fuel shipped to
a repository or MRS facility. This means current
cask designs are inefficient for serving

There also remains considerable uncertainty as to
the appropriate technical requirements or
specifications for a new generation of casks.
For example, should they be dual purpose casks
capable of storing fuel economically as well as
shipping it? Considering the significant
differences in interface requirements among
various reactor sites, what should be the cask
Interface requirements? Should they be designed
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near-term; (2) plan for and develop a waste
transportation capability for the long-term;
(3) continue to minimize the risks, and
environmental and economic Impacts of
transportation to the extent possible; and,
(4) identify and resolve serious Institutional
impediments. Program planning in these areas 1s
still underway, but I will summarize key elements
of the planning that has taken place to date.

for consolidated or unconsolidated fuel? What
would be an appropriate mix of ran and truck
casks?
Time is not available to design and certify new
equipment to meet our near-term transportation
requirements, but neither is there a need for new
casks to meet this demand. The amount of spent
fuel that will be transported by DOE in the
near-term (over the next 10 years) will be
relatively small. Projections of the types and
quantities of spent fuel that DOE might ship over
this period have been compared to the number and
types of licensed casks available, and it is
believed that sufficient transportation
capabilities exist. Nonetheless, an unexpected
loss of equipment or unexpected private sector
demand for this equipment (e.g., for
transhipments or serving the West Valley, New
York, or Morris, Illinois, facilities) could
require the Department to compete for cask
availability. Given uncertainties in the exact
magnitude and timing for near-term shipping
needs, it is not clear how much funding and
effort the Department should expend to
pre-arrange shipping capabilities. For example,
it is not clear that there will be any utilities
desiring or eligible for Federal Interim Storage
services, but once a utility is deemed eligible
DOE is required by the Act to accept the fuel
very soon thereafter.

NEAR-TERM TRANSPORTATION PLANS (SPENT FUEL,
R&D, FIS)
To meet near-term transportation needs, the
Department plans to rely on existing privately
owned casks, owner-provided support services, and
commercial carriers. The near-term Office of
Civilian Radioactive Waste Management (OCRWM)
demand and the availability of these casks to
meet that demand will first be better
established. A specific contracting plan to
ensure DOE access to existing equipment and
services in a timely manner will be developed In
parallel. Terms and conditions for use of the
casks under various scenarios will then be
ascertained, and firm or contingent contracts
will be negotiated. Such contracts will provide
for cask supply, servicing, maintenance,
compliance testing, operating procedures, and
facility Interface and personnel training
services.

In addition to issues involving cask availability
and design, 00E is confronted with several
"institutional" problems. The last ten years
have seen a growth in institutional resistance to
the transportation of all kinds of radioactive
materials, despite an excellent safety record.
The DOE has experienced increasing difficulty as
a shipper, not only for controversial nuclear
spent fuel shipments, but even for vitally needed
radioisotopes shipped for medical and research
purposes. Of particular concern to DOE is the
growing number of State and local regulationsgoverning nuclear transportation that often
conflict with one another and with Federal
requirements. It is anticipated that these
institutional impediments will continue to
confront DOE in its new role under the Act as the
primary shipper of high-level wastes and spent
nuclear fuel.

LONG-TERM TRANSPORTATION PLANS (REPOSITORY,
MRS)
To meet our longer term needs, we plan to first
focus on the development of two Items: (1) a
contracting or business strategy; and (2)
technical descriptions and specifications for our
transportation equipment needs. The business
strategy will provide for timely interaction and
communication with the private sector on our both
contracting plans and equipment requirements.
This will include information on the timing and
scope of major procurement actions and an
indication of our plans relative to cask
ownership, maintenance, and carriage. We hope to
have a draft business strategy available this
spring and finalized by the end of 1984.
The technical descriptions of what it is we want
will be developed through a series of
interactions with a number of groups. We will
first propose general specifications for a
manageable few number of basic cask designs that
would form the core of our transportation
system. By that, I mean that most of the
different sizes, shapes, and heat loads of fuel
to be transported to the repository or MRS and
most of the reactor sites could be served by one
or more of these basic cask designs. We might,
for example, propose that two different types of
rail casks and two different types of truck casks
form the core of our transportation system. Most
of the casks constructed would then conform to
one of these four basic designs. A few
additional cask designs would then be tailored to
accommodate any exceptional shipping needs.
Proposed technical specifications will be
developed through a series of consultations or

But we also recognize that these institutional
impediments are only manifestations of underlying
public concerns that nuclear transportation be
conducted in the safest possible manner. Let
there be no doubt about DOE's commitment to
minimize the risks and environmental and economic
impacts of transportation activities to the
maximum extent practical.. But how do we
demonstrate this commitment and our ability to
meet it in a way that will satisfy the general
public?
'
Our strategy for achieving the transportation
mission consists of making the above issues focal
points of programmatic efforts. It follows that
efforts be initiated in four areas with
objectives as follows: (1) provide for adequate
equipment and service availability in the
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testing and evaluating old and current cask
designs under very severe accident conditions.

workshops with repository and MRS facility
designers, utility groups and other concerned or
interested entitles. These consultations could
begin this spring and be completed by the end of
the year.

DOE Is paying particular attention to ways of
maximizing private sector Involvement in
providing for our transportation needs. But It
should be remembered that DOE takes Its bottom
line transportation responsibilities under the
Act very seriously. We cannot afford a strategy
that waits until the last minute to order
whatever the private sector has developed on its
own by that time. If it becomes apparent that
the private sector cannot or will not perform in
a timely or cost-efficient manner, DOE will
revise its strategies.

This early sharing of information should allow
sufficient opportunity to address many of the
Important cast-related Issues previously
identified: the need for more cost-effective
cask designs; the feasibility of a multiple
purpose cask that can be used for storage and
transportation; the appropriate mix of rail and
highway casks; the need for standardized cask
Interface requirements; etc. DOE currently
estimates that major design activities will have
to be initiated within the next several years in
order to assure an adequate supply of
transportation equipment by the mid to late
1990's.

PLANS FOR SAFETY, ENVIRONMENTAL AND ECONOMIC
IMPACT ANALYSIS
To ensure that transportation activities will be
conducted in a safe, environmentally acceptable
and cost-effective manner, DCf will continually
assess the impacts of its transportation plans
and activities. This will include generic
analyses of the safety risks, environmental
impacts, and costs of transportation associated
with various storage and disposal facility siting
options. Generic assessments alone, however,
will not be sufficient; transportation Impacts
must also be analyzed on a site-specific basis
for each prospective site. Specifically, each of
the following analyses will incorporate
assessments of transportation Impacts:

To assist in the development of the business
strategy, we are currently soliciting industry
views on alternative contracting options that
would be mutually acceptable. The publication of
a proposed business strategy by this spring, in
conjunction with information on our future
technical requirements, should provide industry
and the public with a clea:"3r understanding of
future market potential and Federal government
Intentions. Following Industry and public
reaction, DOE will initiate cooperative efforts
and procurement actions to assure the timely
design, testing, and licensing of transportation
equipment and the timely availability of carrier
and operator services. Obstacles to private
sector participation in the transportation
functions will be identified and resolved on an
ongoing basis. OCRWM will also constantly
monitor any independent private sector
development of transportation capabilities with
the objective of minimizing Federal interference
with or duplication of private sector efforts and
encouraging industry initiative and creativity.

(1) Environmental assessments (EA for each
repository site nomination, for site
recommendations for MRS facility, for Test
and Evaluation Facility (TEF) site
nominations, and for Federal Interim Storage
(FIS) facilities of less than 300 metric tons
capacity.
(2) Environmental Impact Statements (EIS) for
first repository site recommendations, for a
FIS facility of 300 or more metric ton
capacity, and for MRS site recommendations.

Plans for conducting actual transportation
operations, traffic management, and providing
on-site services at facilities will be based on
expansion of the Department's existing
capabilities and many years of experience along
with utilization of commercial carriers. For
providing on-site services, due to the variety of
equipment types and large volume of shipments
anticipated, a specially trained crew, working
closely with staff at the receiving facility (MRS
or Repository) may be assembled.

(3) Site Characterizations Plans for each
repository site recommended for
characterization.
The Department will ensure that the safety,
environmental and economical analyses discussed
above are readily available and understandable to
the public. Hopefully, these analyses will help
assuage the concerns of state and local officials
and the general public.

Pending completion of current planning efforts,
certain transportation activities initiated over
the last several years will be continued. These
activities include estimating the number and
types (rail or truck) of casks that will be
needed to serve storage and disposal facilities
under various scenarios; conceptualizing the key
features desired in a possible new generation of
shipping casks; identifying the current
transportation interfaces at the various reactor
sites; standardization of transportation risk
assessment methodologies; evaluating current and
new materials for cask shells and shielding; and

PLANS FOR RESOLVING INSTITUTIONAL IMPEDIMENTS
Efforts to address institutional impediments in
nuclear waste transportation will be initiated in
three specific areas: Federal regulation; State
and loca'i regulation; and public perceptions and
concerns.
At the Federal level, DOE will strengthen its
coordination activities with the Department of
Transportation (DOT), Nuclear Regulatory
Commission (NRC), and the Federal Emergency
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In addition, current emergency response training
programs for State and local agencies will be
continued, and DOE's emergency response
capability maintained.

Management Agency (FEMA), to eliminate
regulatory gaps, avoid duplication of effort, and
Identify and resolve, as early as possible, any
regulatory Issues that could be Impediments to
accomplishing our transportation mission under
the Act. A first step in this area has been
taken recently through completion of a Memorandum
of Understanding on packaging and certification
between DOE and NRC. Similar efforts may be
undertaken with DOE and FEMA. In addition, joint
research and development projects may be
Implemented to resolve common issues of concern.

SUMMARY
In summary, we recognize the Importance and
magnitude of effort before us in putting In place
a safe, publicly acceptable transportation
system. We recognize the Importance of working
openly, documenting our efforts In a way that is
objective and can be understood by the general
public, and being particularly sensitive and
responsive to public concerns. Key elements of
our current planning have been described, but
numerous details remain to be worked out. These
details will be worked out, proposed in programs
plans, and made publicly available. We will look
forward to your Ideas and comments for improving
these plans and their implementation.

Since the Department's role as a major shipper of
nuclear waste is expanded tremendously by the
Act, DOE will be directly faced with the growing
myriad of State and local government laws and
ordinances that are often different from one
another and from Federal regulations. DOE cannot
directly resolve these jurisdictional conflicts;
that is the role of the regulatory agencies, DOT
and NRC, and the courts. However, DOE can take
the initiative to identify and resolve the
concerns of State and local officials which give
rise to regulatory inconsistencies. The major
actions envisioned by the Department to
accomplish this are to develop materials and
provide forums for information exchange with the
general public, as well as state and local
officials, and to carefully consider and respond
to legitimate concerns as appropriate. Another
forum for addressing concerns of State and local
officials is the formalized consultation and
cooperation (CSC) procedure established by the
Act. This procedure is required for facility
host states, and in my view it is possible that a
similar process could be used to address the
transportation concerns of adjacent access
states. DOE will also support the efforts of the
regulatory agencies to resolve the legal and
regulatory conflicts through their administrative
processes and, if necessary, through litigation.
As previously noted, the DOE plans to develop
materials and provide forums for information
exchange on nuclear waste transportation. These
efforts will mostly consist of information
development and dissemination for the general
public, State and local officials, the media and
other interested parties. Some specific
activities envisioned include the development and
maintenance of a nuclear transportation data base
for access by the public; development of a
speakers bureau as a resource for public
meetings; provision of materials that better
explain the levels of protection and safety
provided by the stringent packaging standards and
other transportation safety requirements already
promulgated by NRC and DOT under existing law;
and the development of an information network
drawing upon the expertise and knowledge of
individuals from government, Industry, and the
general public. These efforts will also include
the solicitation of public and State/local
official comments on the Department's
transportation program in order to identify real
or perceived program weaknesses or information
gaps that need to be addressed.
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Battelle Memorial' Institute
other comparable costs and risks generally
encountered.

INTRODUCTION
Public hearings held in states with potential
candidate sites have pointed out the extensive
public concerns regarding radioactive waste shipments. The Nuclear Waste Policy Act (NWPA) of 1982
(Section 112, "Recommendation of Candidate Sites
for Site Characterization") specifically requires
the Secretary of DOE to consider the cost and
impact of transporting to the repository site the
solidified high level radioactive waste and the
spent fuel to be disposed of in the repository.
In this paper, a status report on the current
estimated costs and impacts of transporting
high-level nuclear wastes to candidate disposal
sites is given. "Impacts" in this analysis are
measured in terms of risk to public health and
safety. Since it is difficult to project the
status of the nuclear industry to the time of
repository operation — 20 to 50 years in the
future — particular emphasis in the paper is
placed on the evaluation of uncertainties.
Transport is but one part of an overall disposal
system. Indeed, other studies (Yates and
Varadarajan, 1983) 1 have shown that optimizing the
transport system does not necessarily result in an
optimum overall disposal system. Similarly,
transport costs and risks are not the sole consideration in. any of the various siting decisions. It
is just one important consideration that needs to
be addressed.
The results presented in this analysis rely heavily
on work performed by the staff of the Transportation Technology Center and on work by David Joy of
the Oak Ridge National Laboratory. The results of
these efforts
have been reported by Wilmot, et al.
(1983) 2 .
The first part of this paper briefly describes the
characteristics of the waste that must be transported to a high-level waste disposal site. This
discussion is followed by a section describing the
characteristics of the waste transport system.
Subsequent sections describe the costs and risk
assessments of waste transport. Finally, in a
concluding section, the effect of the uncertainties
in the definition of the waste disposal system on
cost and risk levels is evaluated. This last
section also provides some perspectives on the
magnitude of the cost and risk levels relative to
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WASTE CHARACTERISTICS

The wastes slated for disposal in a deep geologica'
disposal system arise from the spent fuel discharged from commercial nuclear power plants. The
NWPA specifies that the size of the first
repository will be limited to accommodate wastes
arising from 70,000 metric tons of uranium in spe.11
fuel until a second repository is operational. A
70,000 MTU repository capacity is used as a basis
for this analysis.

One of the uncertainties in the analysis is the
extent to which spent fuel will be processed prior
to disposal. If spent fuel is reprocessed to
remove essentially all the uranium and plutonium,
all the residual wastes will be solidified and sen1
to the repository in one of four waste classifications. Most of the highly radioactive waste
products are solidified and immobilized in a matri>
such as glass. This waste is referred to as
commercial high level waste (CHLW). The zirconium
cladding and other structural material associated
with a spent fuel assembly is another waste form
referred to as "Hulls". These Hulls contain
significant quantities of isotopes that emit
highly penetrating radiation and, as a result, must
be handled remotely and transported in shielded
casks. The two other waste forms to be disposed of
in a high level waste repository are called remote
handled trarisuranic waste (RH-TRU) and contact
handled transuranic waste (CH-TRU). Transuranic
wastes contain significant quantities of elements
with atomic numbers above uranium. The sources of
these wastes are failed equipment, filters, and
cleanup wastes. Like the Hulls, RH-TRU is shipped
in heavily shielded casks. Many studies have been
performed to estimate the number of packages of
waste that must be handled if spent fuel is
disposed of directly in a repository or if the
spent fuel is first reprocessed. A reference set
of waste quantity data is shown in Table 1. These
values are used to develop the base case transport
scenario in the next section. Also included in the
table, under the category "Other Wastes", are
high-level wastes arising from defense high-level
waste processing. A total of 6,720 HLW glass logs
from the processing of defense wastes at DOE's
Savannah River Plant (DHLW) and 300 HLW glass logs
from the processing of high-level waste at West

TABLE 1 BASE CASE WASTE QUANTITY DATA - 70,000 MTU REPOSITORY
50$! SPENT FUEL AND 50% REPROCESSING WASTE

Waste Form

Number of
Canisters
Per MTU
Processed .:

Spent Fuel
PWR(a)
BWR
Reprocessing Waste
CHLW
Hulls
RH-TRU
CH-TRU
Other Wastes
DHLW
WV-HLW

-

Canister
Configuration
-

Number of
Canisters
in
Base Case
54,400
70,000

0.438
0.150
0.750
5.26

13 11 dia. X 120" long
30 " dia. X 120" long
30 " dia. X 120" long
55 gal. drums

15,350
5,260
26,300
184,200

-

24 " dia. X 118" long
24 " dia. X 118" long

6,720
300

(a) Based on current spent fuel projections (U. S. Department of Energy,
1983) , the PWR/BWR split is 0.635/.365 by weight for the first
70,000 MTU of spent fuel discharged from commercial nuclear power.
Valley, New York, (WV-HLW) are included in this
category.
There are some major uncertainties in the values .
shown in Table 1. To estimate the impact of these
uncertainties, two alternatives are evaluated
— one for spent fuel, the other for reprocessing
waste. For spent fuel, some utilities have
announced plans to disassemble the spent fuel and
place the spent fuel rods in boxes to make more
efficient use of their limited spent fuel storage
capacity. If this is done, the number of packages
that will need to be transported will be reduced
by half. For the reprocessing waste case, recent
studies performed by Allied General Nuclear
Services (A6NS) have shown that it may be possible
to reduce the volume of TRU waste by as much as
50% through additional treatment. The base case
and these two sensitivity cases are analyzed in
this paper.
WASTE TRANSPORTATION CHARACTERISTICS
In this analysis, transportation to five candidate
sites, as shown in Fig. 1, is considered. These
sites are named after the regions in which they are
located — the Gulf Interior Region (dome salt),
the Permian Basin (bedded salt), the Paradox Basin
(bedded salt), Yucca Mountain (tuff), and the
Hanford reservation (basalt). It is assumed that
wastes from 70,000 MTU of spent fuel will be
transported to each of the" sites.
For each site, the base case assumes that 35,000
MTU of spent fuel is declared to be waste and that
35,000 MTU of spent fuel is reprocessed and the
resulting HLW and TRU wastes are sent to the
repository. DHLW and WV-HLW are also included.
For purposes of this analysis, the hypothetical
reprocessing site is assumed to be Barnwell,
South Carolina.

Sensitivity cases will consider 100% spent fuel
assemblies, 100% disassembled spent fuel, 100%
reprocessing waste, and 100% reprocessing waste
with reduced TRU. Each of the sensitivity cases
includes DHLW and WV-HLW.
The mode of transportation adds one additional
variable to the assessment. Wastes can be shipped
either by rail or by truck. The truck/rail split
for the base case is shown in Fig. 2, For spent
fuel, 75% is shipped by rail and 25% by truck.
Wastes from reprocessing requiring heavy shielding
are shipped by rail. Contact handled transuranics
(CH-TRU) are shipped 50% by rail and 50% by truck.
All DHLW from the Savannah River site are shipped
by rail; West Valley wastes are shipped by truck.
Sensitivity cases that consider 100% rail and 100%
truck for all waste forms are also considered.
For the base case and for each of the sensitivity
cases, the transportation system requirements,
expressed in terms of number of packages, number
of shipments and total shipment distance, are based
on waste
form data obtained from ORIGEN 2 (Croff,
1980)1* calculations and on canister configurations
being used in the NWTS Program current in 1982.
Payload estimates for each of the transportation
systems were based on shielding calculations using
DOT allowable radiation levels and vehicle size and
weight requirements for unrestricted shipment by
both truck and rail. A summary of the shipment
data to the repository for the base case is shown
in Table 2. This table does not include the
shipments to the reprocessing plant; if these are
included, the number of shipments of spent fuel
shown in Table 2 must be doubled. The result is an
additional 10,300 truck shipments and 5,000 rail
shipments.
The information in Table 2 can be used to construct
all the sensitivity cases. For example, to
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DWPF-SAVANNAH
RIVER PLANT
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Fig. 1 Key Locations in Repository Transportation Assessment

Light
Water Reactors
70.000 MTU
Discharged
(SF)

35.000 MTU Speni Fuel
75% Rail, 25% Truck

Reprocessing
Plant
1500 MTU/YR

CHLW

100% Rail

Hulls

Defense
High Level
Waste
(DHLW)

RHTRU
CHTRU — 50% Rail
— 50% Truck

West Valley
High Level
Waste
(WVHLW)

300 Canisters

Fig. 2 Scenario for Repository Transportation Assessment
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TABLE 2 BASE CASE SHIPMENT REQUIREMENTS TO REPOSITORY (5055 SPENT FUEL, 50% REPROCESSED WASTE)
Truck'
Transport (a)
Index

Waste Form

Number of
Packages

Spent Fuel
PWR
BWR

54,400
70,000

20
20

Reprocessing Waste
CHLH
15,350
Hulls
5,260
RH-TRU
26,300
CH-TRU
184,200

20
20
4
2

Other Wastes
DHLW
WV-HLW

20
20

6,720
300

Payload (b).

1
1
1
16

Total
(a)
b)
c
d
(e

Number of
Shipments

Rail W
Number of
Payload (b) Shipments

6,800
3,500

12
32

3,100
1,640

0
0
0
5,756

12
4

1.280
1,315
6,575
1,771

(

0
300

1,34.1
0

16,386

17,325

Dose at one met - from package in mrem/hr
Payload refers to number of fuel assemblies, canisters, or drums per transport package
Loaded shipping weight for all waste types - 50,000 1b. maximum
Loaded shipping weight for all waste types - 200,000 1b. maximum except CH-TRU is 140,000 lbs,
26 drums per package, 2 packages per rail car.

evaluate the number of shipments to a 70,000 MTU
spent fuel repository using only truck transport,
the number of packages of spent fuel -,hown in
Table 2 must first be doubled since no reprocessing
waste is to be included. Then the totpl number of
shipments is obtained by dividing the number of
packages by the truck payload for each of the
categories being shipped to the repository, in this
case the two spent fuel categories and the "other
waste" category.
To obtain the shipment data for the disassembled
rod case, consolidation studies have shown that the
effective payload, measured in terms of spent fuel
assemblies, is doubled. Thus half the spent fuel
shipments are needed to ship the same quantity of
waste. Table 3 shows a matrix of total shipments
that rnigrvt be received at a repository if various
transportation and waste treatment options were to
occur during the operational time period. The last
line shows the result to the base case scenario
described in Fig. 2.

100%
Truck

1002
Rail

100% Spent Fuel Assemblies
100% Disassembled Spent Fuel
100% Reprocessing Waste
100% Reprocessing Waste
(reduced TRU)

89,420
48,220
123,865
80,793

i4,829
8,108
26.81C
15,317

Base Case

TABLE 4 TYPICAL RANGE OF DAILY RECEIPTS
Daily ReceiptsTaT
Minimum
Maximum
Tmck
Rail

0
0

Base Case

2 truck, 2 rail

15
4

(a) 3,000 MTU/yr, 50 weeks/yr, 7 days/week

TABLE 3 TOTAL LIFETIME SHIPMENTS RECEIVED
AT A REPOSITORY
Waste Receipt Form

From the results given in Table 3, it is possible
to specify a range of daily receipts that might be
received if one of these particular conditions were
to exist during the period of operation.- These are
summarized in Table 4. The largest shipment
requirements pertain to the 100% reprocessing case.
Converting these numbers to an average daily
receipt rate results in values of 4 rail shipments
and 15 truck shipments (see Table 4 ) . Using the
same procedure, 2 truck shipments and 2 rail
shipments would be received in the base case on a
typicai Jay.

From the shipment data, two other characteristics
of the transportation system fundamental to cost
and risk assessments can be derived. They are the
total shipment mileage and the fleet requirements.
The following paragraphs will develop this information in a manner that exactly parallels the
development of the shipment data summarized above.
To aevelop the mileage requirements, some additional information on the points of origin and
destination for all the waste materials must be
developed. The data have been reported by Wilmot,
et al. (1983)2. In the analysis the reactor

33,680
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locations are coalesced into 21 centroids and a
matrix of shipping distances from each centroid
to the 5 potential repository sites shown in
Fig. 1 is developed. Table 5 shows the estimated
truck shipment miles for both the 100% truck and
the base scenario case shown in Fig. 2, Table 6
develops similar data for rail transport.
The information in Tables 5 and 6 can be used to
generate the effect of uncertainties in the
characteristics of the waste and transport configuration on the overall shipment mileage. The range
of shipment distances to each of the sites following analyses of each of the sensitivity cases is
shown in Table 7. For both truck and rail minimum,
maximum and base case values are shown. The

minimum values for each mode refer to the minimum
number of shipments required using only that mode
of transport considering uncertainties. The
absolute minimum is zero if the other mode were
used entirely. The base case numbers are given at
the bottom of the table for truck and rail. The
minimum truck and rail shipment, distances occurred
when all the spent fuel was shipped as disassembled
fuel rods. The maximum truck and rail shipment
distances occurred for the 100% reprocessing waste
cases. Comparing truck and rail, shipping distance
is minimized by maximizing use of rail transport.
Sincp risk is assumed to increase linearly, as
shipment distance increases for any type and mode
of shipment, the values in Table 7 are used in the
risk calculation.

TABLE 5 ROUND TRIP TRUCK SHIPMENT DISTANCES^ TO THE REPOSITORY SITES
FOR 502 SPENT FUEL/50/i REPROCESSING WASTE DISPOSAL
Candidate Sites
Waste Form
Spent Fuel
Assemblies

GIR
130

Reprocessing Waste
CHLW
Hulls
RH-TRU
CH-TRU

29
9.5
49
22

Other Wastes
DHLW
WV-HLW

12
1.1

Total

253

Permian

100K Truck
Paradox Yucca Mt Hanford

175

220

68
24
117
49

97
34
165
73

29
1.5
464

42
1.9
633

Waste Form

GIR

Permian

Base Case
Paradox Yucca Mt Hanford

263

287

33

44

55

65

70

112
39
195
83

132
46
229
97

0
0
0
11

0
0
0
25

0
0
0
39

0
0
0
42

0
0
0
49

V

49
2.3I
743

58
2.4
851.4

0
1.1
45

0
1.5
71

0
1.9
96

0
2.3
109

0
2.4
121

:'

(a) Million Kilometers
TABLE 6

GIR

ROUND TRIP RAIL SHIPMENT DISTANCES^ a ) TO FDEPOSITOR'.' SITES
FOR 50% SPENT FUEL/50% REPROCESSING WASTE DISPOSAL

Permian

Candidate Sites
100? flail
Paradox Yucca Mt Hanford GIR Permian

Base Case
Paradox Yucca Mt Hanford

Spent Fuel
Assemblies

25

31

39

47

49

17

24

29

36

37

Reprocessing Waste
CHLW
Hulls
RH-TRU
CH-TRU

3.2
3.3
17
8.8

6.5
7.0
34
18

9.5
9.5
48
26

12'
12
59
33

12
13
63
34

3.2
3.3
17
4.5

6.5
7.0
34
9

9.5
9.5
48
13

12
12
59
17

12
13
63
17

3.4
0.2

6.8
0.2

10
0.2

12
0.3

(3
0.3

3.4
0

6.8
0

10
0

12
0

13
0

119

148

155

Other Wastes
DHLH
WV-HLW
Total

61

104

143

184

175

(a) Million Kilometers
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48

87

TABLE 7 MINIMUM, MAXIMUM, AND BASE CASE ESTIMATES OF TRUCK AND RAIL
SHIPMENT DISTANCES^) TO CANDIDATE REPOSITORY SITES
Candidate Sites
Yucca Mt
Paradox

Case Description

GIR

Permian

Rail Shipments
Minimum
Maximum
Base Case

29
69
48

38
130
87

49
198
119

59
244
148

62
257
155

Truck Shipments
Minimum
Maximum
Base Case

143
233
45

206
548
71

263
782
96

314
909
109

325
1,068
121

93

158

215

257

276

Base Case (Total)

Hanford

(a) Million Kilometers
The last transportation parameter that is important
in the cost calculation is the specification of the
cask fleet requirements. To make these estimates,
current experience was reduced to empirical
formulas for average speed versus distance for
truck and rail transport, cask turnaround time, and
cask availability. Table 8 shows the minimum,
maximum, and base case fleet requirements. As was
the case with the shipment distance, the minimum
occurs for shipping disassembled spent fuel by
rail, the maximum occurs for shipping reprocessing
waste by truck.
WASTE TRANSPORT COSTS
The transport costs for each of the receipt
scenarios were calculated by adding fleet capital,
fleet servicing and maintenance, and shipping
charges. The range of costs are summarized in
Table 9 for the various waste receipt scenarios
described previously.
Fleet capital costs were based on transportation
system characteristics and comparison with costs
of existing transport systems. Servicing and
maintenance costs were estimated by taking a

fraction of the unit capital cost per year
multiplied by the operation fleet size. It was
also assumed in the capital cost estimates that the
fleet would be completely replaced once during the
repository operating lifetime for all waste types
except for DHLW and WV-HLW. These two waste types
are shipped to the repository during only a portion
of the operating period. Freight charges were
based upon published tariffs, where available, and
estimates based on spent fuel shipments where no
tariffs were published. Charges for physical
security while in transit were based on current
spent fuel escorting experience. These costs were
applied to all waste forms. This is believed to be
conservative in that current regulations do not
include such requirements for reprocessing waste
shipments. Additional charges for administrative
functions and traffic management were not included.
Such functions and related costs would be covered
by the staffs at origin and destination facilities.
Also, costs for construction of truck and rail
access to repository receiving facilities were not
included. These are assumed to be included in the
repository cost. Neither has the cost of transport
to the reprocessing site been included in the
reprocessing waste transport cost estimate.

TABLE 8 MINIMUM, MAXIMUM, AND BASE CASE ESTIMATES OF
RAIL AND TRUCK FLEET REQUIREMENTS'.*)
Candidate Sites
Paradox
Yucca Mt

Case Description

GIR

Permian

Rail Shipments
Minimum
Maximum
Base Case

49
145
92

55
189
122

59
223
136

70
250
157

72
250
157

69
1.77
19
111

83
249
28

95
249
28

105
319
32

107
319
34

150

164

189

191

Truck Shipments
Minimum
Maximum
Base Case
Base Case (Total)

Number of casks
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TABLE 9 MINIMUM, MAXIMUM, AND BASE CASE ESTIMATES OF TOTAL TRANSPORT
COSTS(a) FOR SHIPMENT TO CANDIDATE SITES
Candidate Sites
Paradox
Yucca Mt

Case Description

GIR

Permian

Rail Shipments
Minimum
Maximum

474
1070

554
1530

628
•1920

732
2210

757
2250

Truck Shipments
Minimum
Maximum

419
734

549
1350

683
1760

794
2090

855
2350

Base Case (Total)

900

1243

1487

1735

1792

Hanford

(a) Millions of $'s.
The results in Table 9 show the effect of uncertainty in the quantity and form of waste to be
shipped to the repository. As was the case with
shipment mileage, the minimum cost case for both
truck and rail occurs when disassembled spent fuel
rods are shipped to the repository. The maximum
occurs in both cases when 100% reprocessing waste
is received. The results show that the rail and
truck cost differential is not a major factor. It
should be recognized, however, that this situation
could be considerably changed in a different
economic environment, particularly if competition
were not to occur.
WASTE TRANSPORT RISKS
Risk estimates have been made in terms of health
effects -- injuries, deaths, latent cancer fatalities (LCF's) -- to both occupational workers and
the general public. Both normal operations and
possible accident situations were considered.
Calculations of non-radiological impacts were based
on reports by, Rao, et al. (1982) 5 and Smith,
et al. (1982) 6 . Radiological impacts were based on
analyses described by Taylor and Daniel (1982) 7 and
Madsen, et al. (1983) 8 .
The non-radiological accident estimates were based
on accident rate experience.recorded in national
transportation statistics. National accident pre-

dictions over the life cycle of repository
operations are summarized in Table 10 for the
various transportation receipt conditions being
considered. These data included the effect of
differences in accident rate as a function of
population density as well as distance travelled.
The effect of population density on accident rate
can be seen by the lessened number of accidents
to Hanford versus Yucca Mt., even though the
mileage is about the same.
Of the total number of projected accidents, it is
expected that less than two percent would be of
such a severity that a radiological release is
conceivable. Even though very unlil'ely, accidents
of such severity and related conceivable releases
have been included in the risk estimates.
The range of injuries and fatalities for the
various repository receipt conditions are shown
in Tables 11 and 12, respectively. The injury and
fatality data were those which may result from
ordinary traffic accidents for both truck and rail
and were independent of the radioactive material
present in loaded shipments.
The range of radiological impact measured in terms
of LCF's is shown in Table 13. This estimate
includes additional factors such as accident
probability, severity, conceivable isotopic

TABLE 10 BASE CASE AND RANGE OF PROJECTED NUMBER OF ACCIDENTS THAT
MIGHT OCCUR WHILE TRANSPORTING WASTE TO CANDIDATE SITES
Candidate Sites
Paradox
•Yucca Mt

GIR

Permian

Rail Shipments
Minimum
Maximum
Base Case

22
52
39

24
82
55

' 30
121
73

35
144
87

34
141
85

Truck Shipments
Minimum
Maximum
Base Case

40
66
12

54
143
19

57
171
21

65
189
23

56
184
21

Base Case (Total)

51

74

94

110

106

Case Description
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releases, meteorological conditions, and population
distribution. Because of the complexity of the
problem and the number of scenarios and related
waste types considered, the analysis was simplified
by calculating unit risk factors that represent the
impact for a unit distance of travel. These unit
risk factors were calculated for each waste type
and urban, suburban and rural population densities,
and then combined with distances traveled to determine total impact. The results of the risk assessments summarized in Table 14 for the base case
indicate that the only significant radiological
risk is from normal transport, not from accidents.
No immediate radiological injuries or deaths are
expected from accidents.

The ranges shown in Tables 11 to 13 were determined
using the maximum shipment distances In Table 7.
For the radiological case, the minimum case
occurred when the repository received only spent
fuel and all receipts were as disassembled spent
fuel pins shipped !sy truck. The maximum radiological risk occurred when all spent fuel was
reprocessed and the wastes were shipped by rail.
In the case of the non-radiological injuries and
fatalities, the minimum occurred when the repository received only spent fuel shipped via rail as
disassembled spent fuel. The maximum case occurred
when the repository received only reprocessing
waste shipped via truck.

The number of fatalities projected to occur from
vehicle emissions was also estimated based
on a
technique reported by Rao, et al. (1982) 5 . These
values are shown in Table 14 under the title
pollution health effects. Since these values are
so small, they were not included in any further
analysis.

The basis for the risk values shown in Tables
11 to
14 was developed by Wilmot, et al. (1983) 2 . One of
the unexpected results of the analysis was the
finding that the radiological risk for rail
transport was larger than for truck transport.
This was not caused by the greater payload resulting in a higher accident risk for rail transport.
The reason can be attributed to the lower average

TABLE 11 BASE CASE AND RANGE OF PROJECTED NUMBER OF INJURIES
WHILE TRANSPORTING WASTE TO CANDIDATE SITES
Candidate Sites
Paradox
Yucca Mt

GIR

Permian

Base Case

42

70

95

117

125

Range
Minimum
Maximun

6
139

7
273

9
355

11
432

11
468

Hanford

TABLE 12 BASE CASE AND RANGE OF NON-RADIOLOGICAL FATALITIES FROM
TRANSPORT TO CANDIDATE SITES
GIR

Permian

Base Case

5

8

Range
Minimum
Maximum

0.6
26

0.8
43

Candidate Sites
Yucca Mt
Paradox

Hanford

10

12

12

. 1.0
61

1.2
69

1.2
78

TABLE 13 BASE CASE AND RANGE OF RADIOLOGICAL L C F ' s w OR
HEALTH EFFECTS FOR TRANSPORT TO CANDIDATE SITES

GIR

Permian

Base Case

13

19

Range
Minimum
Maximum

3.1
17

4.3
25

Candidate Sites
Yucca Mt
Paradox
26
22
5.4
31

6.4
36

Hanford
27
7.0
37

(a) No immediate radiological health effects, only LGF's or genetic
effects.
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TABLE 14 BASE CASE TRANSPORT RISK SUMMARY

GIR

Permian

Candidate Sites
Paradox
Yucca Mt

Non-Radiological
Injuriesla)
42
Deaths*^
5
Pollution Health Effects 0.2

70
8
0.2

95
10
0.3

Radiological - L C F ' s ^
Normal Operations
Accidents

19
0.02

22
0.02

13
0.01

117
12
0.3
26
0.02

Hanford
125
12
0.3
27
0.02

(a) Based on current accident statistics
(b) Estimates include present and future generations
speed of trains than for trucks. In the risk
TABLE 15 RANGE OF ESTIMATES OF THE MAXIMUM
model, trains were estimated to stop 8.6 h/100 km
INDIVIDUAL DOSES FOR A 26 YEAR
versus 1.1 h/100 km for trucks. These stop time
PERIOD
values used for the truck mode have been obtained
by documenting many shipments of radioactive
Case Description
Dose (mrem
material. The value for the rail mode was based on
the assumption that rail shipments average 9.7
Rail Shipments
km/hr when stop time is included. When they are
Minimum
6
moving, they travel 24 km/hr, 40 km/hr and 64 km/hr
Maximum
12
in urban, suburban and rural areas respectively.
Based on RADTRAN II results, the risk encountered
Truck Shipments
by the general public while the train is stopped
Minimum
31
dominates the total risk and is the major reason
Maximum
72
why the rail radiological risk is higher than the
truck risk. The values for stop time and the
Base Case (Total)
35
population exposure while stopped are very uncertain parameters. Additional studies have been
initiated to refine the stop model and the input
parameters to the model. It is believed that the
period of the repository, the cumulative individual
current values are conservative and that the
dose received ranges from 6 mrem to 72 mrem. On
radiological risk estimates will decrease as better
an annual basis, the maximum individual exposure
models and data become available.
values range from 0.3 to 3 mrem/yr. For the
reference scenario shown in Fig. 2, the dose
received by the maximum individual is 35 mrem over
Tables 12 and 13 point out two main considerations;
the 26 year operating period or approximately
the base case, which is projected to be a reason1.4 mrem/yr. Assuming the average individual
able repository waste mix and transport mode mix,
receives 100 mrem/yr. from natural background, the
has a radiological risR which is quite close to
maximum exposed individual would receive an
the maximum and the non-radiological risk for the
increase above background ranging from 0.3 to 3
base case is quite close to the minimum. Thus,
percent as a result of waste transport. The
when considering the effects of future changes,
expected value is about one percent of background
the base case radiological risk values would not be
during a typical year.
expected to increase significantly, but could
decrease significantly in the future as a result of
changas in the types of waste received and transThe previous paragraphs have presented many data
port mode utilization. Secondly, the range in risk
regarding the costs and risks of nuclear material
values for the various fuel cycle scenarios has a
transport to candidate repository sites. It is
greater effect on the risk parameters than the
important to place these values into perspective to
choice of site. Of course, the valid point remains
be meaningful. All the results have been based on
that if the main goal of the transport program were
26 years of repository operation. In the same time
to minimize the risk of transport at all costs,
period, and using the same models and data as used
then the more eastern sites could be optimized to
in this analysis, 117,000 LCF's would be predicted
a lower value than the more western sites.
in the nation from background radiation. Based on
the accident
data for 1982 (National Safety Council,
1983) 9 , a comparable number of individuals would be
The maximum exposure to an individual is yet
predicted to die during the 26 year period as a
another measure of the transport risk. Table 15
result of accidents involving truck tractors and
presents the range of estimates for the maximum
semi-trailers. For transport of freight by rail,
individual dose results assuming the individual is
the comparable numbers of fatalities are 29,000 1 2
30 meters from all shipments and the transport
individuals. With respect to cost, nearly 1 X 10
vehicle (truck or rail) moves past the individual
dollars would have been spent by consumers of the
at 24 km/hr (15 mph). Over the 26 year operating
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electricity produced from which these wastes
resulted. Some additional comparisons are summarized in Table 16.
TABLE 16 TRANSPORT COSTS AND RISK PERSPECTIVES
•
•
•
•
•

Waste transport costs range from 0.053! to 0.2%
of the cost to consumers using electricity
generated by nuclear power
Waste transport vehicle miles traveled range
from 0.002% to 0.07% of commercial freight
mileage over a comparable period of time
Fatalities predicted from waste transport
accidents range from 0.001% to 0.05% of the
current annual total for commercial freight
LCF's range from 0.003% to 0.03% of those
attributable to natural background
Maximum individual exposures range from 0.2% to
3% of natural background radiation
COMPARISON WITH PREVIOUS WORK

The results shown here are based on recent Sandia
work (Wilmot, et a!., 1983) 2 but are quite
different from results presented in previous
assessments done within the NWTS program by Joy,
.9t al. (1980) 11 and Baker, et al. (1977) 12 . In
past assessments, the frequency of non-radiological
fatalities per unit of travel for truck and rail
were about equal. In a recent study
reported by
Sandia {Smith and Wilmot, 1982) 6 data was collected
on accidents of trucks as a function of population
zone — rural, suburban, or urban. When these data
are incorporated into the risk calculation and are
then coupled with the assumption that the rail
cargo payload is approximately five times greater
than the truck payload, the number of fatalities
for rail becomes about an order of magnitude lower
than for truck results for transport of the same
quantity of waste. Previous estimates showed only
the effect of the difference in payload (i.e.,
reduced number of shipments) between truck and rail.
The radiological risk calculations also show some
major differences. Previous estimates have
considered exposure from accidents which are severe
,enough to release material as well as exposures to
the population from passing casks. The estimates
here are quite similar to previous estimates for
these exposures. In the present calculation, a new
model for exposure to the general population from
stops during transit was considered. The stops
model incorporated in RADTRAN-II was developed
following observation of both truck and rail shipments. Incorporating the results of these
observations into the model shows that the dominant
exposure to the general population occurs at stops.
The results show that the risk of release in a
severe accident which has been the focus of many
past transport studies, poses a lower risk than
exposure from casks during stops. This last
statement is not meant to imply that additional
modeling of releases is not important. Rather, it
points out that other components of the risk
equation need to be studied with equal thoroughness.
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Sensitivity analyses show clearly two parameters in
the stops model where additional data would be
useful.' The duration of stops has a large effect
on cost and risk. The number of people around the
cask while stopped is important for risk analysis.
In the risk model, trains were estimated to stop
8.6 hrs/100 km versus 1.1 hrs/100 km for trucks.
Reducing the train stops to 4.3 hrs/100 km reduces
the LCF's by 50 percent for the train cases.
Reducing the number of people exposed while stopped
by a factor of two also reduces the LCF's by 50
percent. Additional studies of the rail stops
model have been initiated by .Sandia.
For perspective, the current modeling of the stops
can be compared with the exposure received by the
population around the reactors that generated the
waste being transported. Based on an assessment of
population doses from1 2 operating plants in 1975
(Baker et al., 1977) , the population dose was
1,300 person-rem for the generation of 170 X 1210 1 2
watt-hrs of electricity or 7.6 person rem/10
watt-hrs of electricity generated. A repository
with a capacity of 70,000 MTU contains waste from
fuel that has generated an estimatecHOO X 10 1 2
watt-hr/yr of electricity. The associated population exposure from reactor operation would be 4,000
person-rem/yr or 0.8 LCFs/yr. Multiplying by the
26 year operating period results in 20 LCFs which
falls in the range of values for the LCFs estimated
for nuclear waste transportation. Thus the transport LCFs shown are very comparable to the LCF of
operating plants generating the waste. An additional perspective - if the same person-rem/LCF
conversion factor were used for background radiation, 117,000 LCFs would be projected to occur
during the 26 year operating period from background
alone.
The comparison among the five candidate sites shown
here considered only the first repository. Siting
of the second and subsequent repositories can have
a significant effect on both costs and risks.
Previous assessments (Kirby, et al., 1979) 1 3 of the
regional concept indicated that transportation cost
and risk may decrease by as much as a factor of two
by optimal regional siting of 2 or 3 repositories.
Such differences are comparable to the differences
in costs and risks between repository sites
reported here. Accordingly, additional transportation analyses of the regional siting concept are
needed. Such studies are expected to show that the
penalty for remote siting of one of the repositories is lessened.
CONCLUSIONS
The results shown here represent an attempt to
estimate the range of costs and risks of transporting waste materials to five potential repository
sites. Considering uncertainties in waste volumes,
processing and transport mode, the sensitivity
analyses show that the costs, while significant,
are a small percentage of the revenues received
from electrical power generation facilities that
generated these wastes. Risks, even after
considering uncertainties in the modeling, the
waste form, transport mode, and repository
location, are a small fraction of the risks

National Laboratories Rep., Albuquerque,
New Mexico.

imposed on the general public by both transportation of commercial freight and by natural background radiation. Thus the costs and risks could
be judged to be acceptable.

6. Smith, R. E. and E. L. Wilmot, 1982. Truck
Accident and Fatality Rates Calculated from
California Highway Accident Statistics for
T980 and 1981, SAND-82-7066, Sandia National
Laboratories Rep., Albuquerque, New Mexico.

As a result of these calculations, areas were
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CONCEPT FOR AN ALL-PURPOSE TRANSPORT, STORAGE, AND
DISPOSAL CASK FOR SPENT NUCLEAR FUEL MANAGEMENT
Raymond E. Hoskins
Special Projects Staff
Division of Fuels
Tennessee Valley Authority
Chattanooga, Tennessee
Today I would like to briefly review where the
Tennessee Valley Authority has been in spent
nuclear fuel management, where we are today,
but mostly I want to talk about the future,
directions of our spent fuel management
activities. VJe have come to believe that
taking a systems approach to overall integration of spent fuel management with respect to onsite storage, and disposal is
essential. Our studies show that development of an integrated dry cask system suitable for onsite storage, transportation,
monitored retrievable offsite storage, and
perhaps use as a disposal container in a
geologic repository offers the potential of
the lowest overall economic, environmental,
and social cost related to spent fuel management.

In the mid-1970s when i t became apparent that there
would be extended delays in reprocessing spent
nuclear fuel, TVA began expanding in-plant fuel
storage capacity. In 1979 we completed a
comprehensive study of storage alternatives and
concluded:

1. It was desirable to utilize existing plant
storage pools to the extent practical.
2. We should be prepared to provide for onsite
storage for as long as necessary until the
U.S. Government provides for disposition of the
spent fuel.
3. It was desirable to develop passive dry storage
systems as alternatives to building new pool
storage facilities.

Public perceptions related to transportation, Since that time we have expanded in-plant storage
capacity using high density storage racks,
as well as technical and economic considersponsored or participated in conceptual design
ations, have been major factors in shaping
studies of dry storage concepts, including vaults,
TVA spent fuel management activities. Prom
silos, casks, and drywells, and are carrying out
a transportation standpoint we believe:
1.

It is desirable to avoid unnecessary
handling and shipment of spent fuel.

2.

The number of s.hipm«nts should be minimized.

3.

Spent fuel shipments should be kept off
the public highways to the extent practical.

The Nuclear Waste Policy Act of 1982 (NWPA)
c l a r i f i e s r e s p o n s i b i l i t i e s , s e t s out procedure requirements, provides financial means, '
and s e t s goals t h a t make i t possible to get
the job done.
i t however, does not give any
guarentees or provide remedies i f the Government f a i l s t o perform beyond increasing the
fee to pay what i t may eventually c o s t . Ke
believe the concerted cooperative effort
among the Government, nuclear utilities, and industry
will be required rather than a fragmented approach
\ri.th high hopes that things will somehow work out.
(We hope the NWPA does not become known as the NuclearIJPA.) The present contractual provisions between the
Government and utilities do not encourage effective
integration of spent fuel management. Some
lechanism must be found that will provide the incen- •
tives necSssary to encourage realization of the potentail savings related to integrated spent fuel management.
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cooperative activities with the Department of
Energy (DOE) and others to demonstrate rod
consolidation and cask dry storage at the Browns
Ferry Nuclear Plant. In these demonstrations, TVA
is generally responsible for the onsite work and
site-specific regulatory requirements. The other
participants are supplying equipment and providing
generic licensing and technical support. We have
also undertaken an evaluation of alternatives to
choose the future direction of TVA's spent fuel
management activities.

Our cask dry storage demonstration will use two
casks in a licensed nominal 2-year demonstration,
after which the fuel will be returned to the
reactor pool and the casks returned to their
owner. A Gesellschaft fur Nuklear Service (GNS)
Castor 1C cask, on loan from the Federal Republic
of Germany utility Preussenelektra, represents the
established state of the art in cask dry storage
technology sponsored by the German electric utility
industry to meet its specific needs. This cask is
licensed for storage and transportation in Europe.
It is made from nodular (ductile) cast iron and has
a storage capacity of about 3 metric tons of
unconsolidated, 1-year-old fuel assemblies. GNS's
topical report was submitted in May of 1982 and is
well along in the Nuclear Regulatory Commission
review process. In addition

to the GNS cask, DOG purchased a Ridihalgh, Eggers,
and Associates (REA) 2023 cask for this
demonstration, This is a new cask design which has
a capacity of about 10 tons of unconsolidated,
5-year-old fuel. It is of conventional stainless
steel/lead construction similar to transportation
casks and is designed to be transportable with a
special overpack. The REA topical report was
submitted to NRC in May 1983 and has started
through NRC review.
These casks were shipped to Allied General Nuclear
Service's (AGNS) Barnwell plant where handling
procedures have been developed by DOE. We are
presently preparing the storage facility license
application based on the GNS cask design and plan
to submit it to NRC early next year. Fuel loading
into the GNS cask is anticipated sometime late in
1984 but is dependent upon NRC license review. The
demonstration storage facility (fenced concrete pad
inside existing security) is being designed to
accommodate both casks. We plan to amend the
license to include the REA cask when their topical
report is approved.
The rod consolidation equipment is an adaptation of
a design by the Nuclear Assurance Corporation that
was developed through a EOE cold demonstration at
the AGNS plant. Twelve BWR fuel assemblies will be
consolidated. The equipment has been fabricated
and has gone through a cold checkout at AGNS and is
ready for installation at Browns Ferry. We expect
to perform the consolidation in 1984 contingent
upon working it into the plant's O&M schedule.
Since no unresolved safety issues were identified
for this limited demonstration, no formal licensing
action was required.
In preparing to analyze a large number of diverse
alternatives, we decided to use probabilistic
evaluation methods due to the many uncertainties
involved. To make sure that all factors were
considered, the analysis is based on full life
cycle cost, including decommissioning of storage
facilities, spent fuel shipment, monitored
retrievable storage (MRS) if necessary, and
disposal. This permits tradeoffs between these
sectors to reduce overall costs to TVA's
ratepayers. When we started developing this
procedure, we assumed TVA would be responsible for
all aspects of spent fuel management through
delivery of high-level waste to the DOE
repository. With passage of the NWBft, the scope of
our direct responsibility was essentially limited
to onsite storage* however, it continues to be
appropriate to consider the overall cost to our
ratepayers. Since there is broad interest in this
problem and the data needed to do this analysis, we
have undertaken a cooperative effort with the
Electric Power Research Institute (EPRI) whereby
TVA is doing the model development and an EPRI
contractor (Boeing Engineering & Construction
Company) is developing normalized generic cost data
for the various storage concepts.
How much spent fuel a plant will produce over its
lifetime and when DOE will actually accept spent
fuel at a rate greater than the rate at which it is
being produced are the major factors which will
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determine how much spent fuel storage capacity a
utility will need. These are subject to
considerable uncertainty. Uncertainty can be
described in terms of probabilities, taking into
account the multitude of factors that affect these
parameters. A subjective assessment of these
factors is shown in table 1. These were developed
by encoding the judgments of several people
knowledgeable in the factors that will affect the
outcome. From this assessment we see that there is
very little possibility that DOE will be accepting
fuel on a large scale before the turn of the
century, there is a 50/50 chance that they will by
2008, and there is a 10-percent chance it may be
after 2017. The useful service life of a nuclear
plant is the principal indicator of how much spent
fuel it will produce. It is seen that the expected
life falls well within the 30 to 40 years generally
used for financial purposes.
Table 1 Subjective Assessment of Major
Uncertainties that Affect Utility
Spent Fuel Storage Needs
Cumulative
Probability
(*1

DOE
Acceptance
(Date)

Nuclear Plant
Nominal Life
(Years)

0.1
10.0
25.0
50.0
80.0
90.0
99.9

1998
2001
2004
2008
2013
2017
2030

21
27
33
42
47
70

9

However, this distribution recognizes the
possibility that it may be significantly shorter or
substantially longer which would make a large
difference in the amount of spent fuel storage that
will be needed. At this time we do not and cannot
definitely know the outcome. We can only take
these uncertainties into account by planning to
provide the flexibility necessary to deal with them
as the future is revealed.
The effects of these uncertainties on the spent
fuel storage needs of TVA's Sequoyah Nuclear Plant
is illustrated in figure 1. Sequoyah is a two-unit
PWR that began commercial operation in 1981, has
high density storage racks, and is the TVA plant
with the earliest potential need for additional
storage. While there are plants that have earlier
needs and plants that have later needs, Sequoyah is
probably representative of the typical industry
situation.
The cumulative spent fuel discharges versus time
are plotted in figure 1 for the 10-, 50-, and 90percent probability level that the actual
discharges will be equal to or less than the
indicated amount. It is seen that beyond the year
2000 there is great uncertainty in spent fuel
discharges. Superimposed over these are two
horizontal lines that indicate plant storage
capacity with and without expanding in-plant
storage capacity through rod consolidation or other
means. Uncertainty in when DOE will begin

capacity we might need at each plant. If we were
to expand storage in existing pools through rod
consolidation or other means, the amount of
additional storage needs is greatly reduced and
would be deferred beyond the turn of the century.
I would like to call your attention in particular
to the column indicating the Expected Additional
Storage Duration. Itus includes the time it will
take DOE to work off the backlog of fuel once they
are able to start shipping fuel at the nominal
production rate. It is seen that we can expect to
have this fuel in storage for some time. TVA does
not have a particularly pressing spent fuel storage
problem and we can afford to take a long-term view
o£ developing the most effective means for dealing
with the large-scale spent fuel management problems
of the 1990s when our and most other utility needs
will materialize.

DOE ACCEPTANCE
PROBABILITY
COX
00*

10*

< —

1500 —

FORCED SHUTDOWN
WITH MAX. CONS

Obese probabilistic methods provide some valuable
insights into economic and technological risks, as
well as placing a value on flexibility, when it is
necessary to make decisions under uncertainty.
Perhaps the greatest value of this methodology is
that it requires a systematic examination of the
problem and permits a quantitative measure of
relative risk.

• FCR ENCROACH
WITH MAX. CONS.
10*

FORCED SHUTDOWN
WITH NO CONS, . j y

.FCR ENCROACH
WITH NO CONS.

1990

2000

2010

2030

FISCAL YEARS
rtg. 1 Merrnce HuOwr Flint
F r o H b l l l m c Spent Fuel
Storift RFqutreneflU Forrcttt

receiving the fuel is also shown. ftiis figure
illustrates the bounds for planning spent fuel
management for TVA's Sequoyah plant.
For Sequoyah, we see from figure 1 that there is a
10-percent chance or probability that we will
encroach on full core reserve (FCR) and will need
additional storage by mid-1994, a 50-percent chance
that we will need additional storage by the middle
of 1995, and a 90-percent certainty that additional
storage will be needed by 1997 based on present
plans. If we did nothing at Sequoyah, there is a
10-percent chance that the plant would be forced to
shut down by 1997, 50-percent chance by mid-1998,
and a 90-percent chance by mid-1999. If one were
100 percent certain that DOE would meet our needs
by 1998, there is about a 50-percent chance that we
might get by without doing anything. Considering
the uncertainty of when DOE will actually take
TVA's fuel, as well as the uncertainty in how much
spent fuel we will produce, we expect to need
additional onsite storage of about 532 metric
tons. There is, however, about a 10-percent chance
that our storage needs could be as little as 240 or
as much as 725 toa<3. If we increase the effective
storage capacity through rod consolidation or other
means by a factor of 2, then the expected
additional onsite storage requirements are reduced
to 33 tons. There would, in this circumstance, be
about a 70-percent probability that no additional
storage would be needed. However, on the high side
there is still a 10-percent chance that requirements could be as large as 175 tons.
The results for all TWA plants are shown in
table 2. Prom this we can see that there is
similar uncertainty in how much additional storage
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Preliminary findings from our analysis indicate
that the potential value of developing an
integrated cask dry storage system can justify the
effort, tikie potential saving related to reduction
in fuel handling and uring the same cask for
storage and transportation is apparent. Ihere
could also be significant savings in reducing the
number of shipments, as well as using the cask as a
disposal container. Cask storage could also serve
as an MRS facility if one should be needed either
for temporary storage or as a primary repository if
the geologic repository is delayed. The use of the
same cask at the reactor site and at the MRS
facility does not encumber other options. By
taking an overall syctems'&pproach, it appears
possible and desirable to develop an integrated
cask system suitable for storage, transportation,
and disposal with no compromise in safety. In such
a system, once the fuel is placed in the cask at
the reactor, it would never be removed unless a
decision is made to reprocess the fuel (then the
container could be reused for the reprocessing
plant waste disposal). Preliminary engineering
studies indicate that self-shielding repository
waste packages appear to be an attractive option
for repository design. These self-shielding waste
packages are very similar to dry storage casks.
TVA, in cooperation with the Edison Electric
Institute, is sponsoring a preliminary technical
and economic study of the universal package
concept, which should be completed by Westinghouse
early in 1984.
Figure 2 schematically illustrates the current
technology reference case for managing spent fuel
using auxiliary pools for onsite storage, shipment
by truck to an MRS or geologic repository, use of
drywell storage at an MRS if one should be
required, and disposal of canned consolidated fuel
in a repository bore hole. This concept would
require several special facilities and would
involve repackaging or handling the spent fuel

have successfully demonstrated in a few years.
Both o£ these casks can potentially be licensed for
shipment. Ten tons of unconsolidated fuel is about
the practical handling limit of dry cask capacity
which would have a hook weight of about 100 tons,
loaded. However, with consolidated fuel that is
10 years old, it appears feasible to get about 20
tons of fuel in a cask weighing about 100 tons,
loaded. Therefore, for simplicity we only consider
the larger cask in examining the potential for the
three use options with consolidated fuel. The
principal difference in the two consolidation
branches is whether the fuel is consolidated and
placed directly in a cask which is then stored
onsite or whether the fuel is consolidated and
placed back in the pool storage racks until it is
necessary to make room for more discharged fuel.

several times. For comparison, figure 3 depicts
the use of large casks with unoonsolidated fuel for
onsite storage, transportation, and storage at an
M%S. Facilities and handling requirements onsite
and at an MRS would be greatly reduced. Operations
at a repository, however, would not be affected
since the fuel would still need to be consolidated,
canned, and placed in a bore hole in the
repository. Figure 4 depicts the universal cask
concept where fuel would be consolidated at the
power plant before it is placed in the cask and the
cask would ultimately be placed in the repository,
eliminating much of the surface operations at the
repository. It also appears that, except for
problems related to handling the heavier package,
repository design could be simplified by use of a
self-shielding package. Once a dedicated cask is
assigned to spent fuel, the usual economic
considerations in spent fuel transportation and
logistics are no longer applicable, thus permitting
the use of unit trains, barge, or other
transportation options where turn-around time and
equipment utilization are less important.

The results of an economic analysis of these
alternatives for the expected conditions previously
described for TVA's Sequoyah Nuclear Plant are
shown in table 3. The pool storage option, case 1,
is used as a base. Results are presented in terms
of present worth of saving in 1983 dollars over
this option. The total cost of spent fuel
management is considered and is divided into onsite
cost which will be paid directly by utilities and
offsite cost which is within DOE's scope of
responsibility but will be paid by utilities
through the mill per kWh waste fund fee. The total
cost will of course be paid by the ratepayers and
its reduction is unquestionably the appropriate
overall objective.

In order to examine the potential benefits of
developing integrated cask storage systems, we have
carried out a preliminary study of alternative cask
designs based on the needs of our Sequoyah plant.
The decision flow network used for comparing
conventional pool storage and various cask design
alternatives is shown in figure 5. While there are
many other possibilities, these 11 cases serve to
examine the range of interest. In the decision
tree, the first choice is whether or not to
consolidate fuel. If we choose not to consolidate
then our choices are to provide additional pool
storage or use dry cask with unconsolidated fuel
for which we have several choices of cask size and
use. The nomenclature used to describe the scope
of cask use is: ST for storage, ST/TR for storage
and transportation, and ST/TR/DS for storage,
transportation, and disposal. The 3-ton
unoonsolidated cask represents the GNS Castor 1C
technology, and the 10-ton cask would correspond to
the EEA cask technology both of which we hope to

The smallest capacity storage cask technology will
save about 325 to S30 million over pool storage.
While investment costs are higher for these casks,
this disadvantage is more than overcome by the
large operating cost saving for passive cask
storage systems. Except for some modest
transportation savings in the transportable cask
case, DOE's costs are not affected.

Table 2 OVA Spent Fuel Storage Needs
Additional Spent Fuel Storage Needs
10% Prob.
Full Core
Reserve
Encroachment
fFiscal Yr.l

10% Prob.
Less
Than

Expected
Value

10% Prob.
Greater
Than

Expected
Additional
Storage
Duration
(Years)

1994.5
1997.5
1999.0
2009.0

230
160
0
0

532
333
371
35

725
640
650
200

25
19
12
2

2008.5
2010.5
Never
Never

0
0
0
0

33
19
0
0

175
130
0
0

3
1
0
0

With No Consolidation
Sequoyah
Watts Bar
Browns Ferry
Bellefonte
With Full (2.0) Consolidation
Sequoyah
Watts Bar
Broths Ferry
Bellefonte
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Table 3 Potential Savings Related to Development of Integrated
Cask Dry Storage Systems for TVA's Sequoyah Nuclear Plant
(Millions of Present Worth 1983 Dollars)9
Onsite Cost
Case

Additional Storage
Alternative

Facilities

Offsite Cost
Grand
Total

Onerations

lEoial

Shipment

Disposal

Baseb

Base

Base

Base

Base

Base

Base

1

New Pool

2
3
4
5

Unconsolidated to Cask
3-Ton ST
3-Ton STAR
10-Ton ST
10-Ton STAR

-6.5
-6.5
17.7
17.7

32.0
32.2
38.3
38.4

25.5
25.7
56.0
56.1

0.0
2.8
0.0
11.6

0.0
0.0
0.0
0.7

0.0
2.8
0.0
12.3

25.5
28.5
56.0
68.4

6
7
8

Consolidated to Caskb
2'J-Ton ST
20-Ton STAR
I;0-Ton STAR/DS

26.5
26.5
21.1

25.5
25.7
25.7

52.0
52.2
46.8

3.0
13.4
13.4

0.0
9.0
31.1

3.0
22.4
44.5

55.0
74.6
91.3

Consolidate to Pool
20-Ton ST
20-Ton STAR
20-Ton STAR/DS C

38.5
38.5
38.5

27.8
27.9
27.9

66.3
66.4
66.4

2.8
12.2
12.2

0.0
9.0
17.1

2.8
21.2
29.3

69.1
87.6
95.7

9
10
11
a.
b.
c.

Based on a 3.5 point differental between inflation and discount rates.
Fuel is consolidated and placed in the cask rather than back in the pool storage racks.
In this rase DOE pays for all of the casks since more are needed for onsite storage.

With the larqer unconsolidated cask, utility
savings are more than doubled, and DOE's
transportation savings are of increasing importance
in the transportable cask. Potential savings to
the ratepayer are quite significant for development
of large casks, especially casks that are
transportable.

important to encourage DOE to take an integrated
systems approach to spent fuel management in
cooperation with the nuclear utilities. A
fragmented approach where each activity is
considered essentially independent of the other
will continually increase cost and result in
ineffective performance.

The potential total savings resulting from further
expanding cask capacity to 20 tons by consolidation
is not large if use of such casks is limited to
storage. However, if the cask can also be used for
transportation, the total savings is increased to
the range of S75 to S87 million which justifies
development of this level of technology. This
additional saving is, however, in DOE's scope and
would require some form of credits to utilities if
the saving is to be realized.

Economic cost and technical feasibility, however,
are not the only considerations that should be
taken into account in choosing the future course of
spent fuel management. We have, in cooperation
with EPRI, undertaken to extend the Sequoyah plant
analysis to include environmental, health and
safety, and socioeconomic impacts, as well as
public perceptions. This work is being done using
EPRI's Technological Choice Multiattribute Decision
Analysis Model. We have undertaken to identify the
differences in important attributes for the
11 cases considered from the time the fuel is
discharged from the reactor until it has been
placed in a repository. Our analysis of the usual
environmental considerations such as land use, air
and water quality, endangered species, etc., show
no significant difference in these attributes. The
attributes for which we could identify potentially
meaningful differences are summarized in table 4 on
a normalized basis. A magnitude of one is assigned
the lowest quantity for a particular attribute, and
the others are shown in relative magnitudes. When
weighted with the appropriate values placed on each
attribute, the alternative with the lowest overall
score would in theory be the best. We plan to
conduct some experiments in encoding public
perceptions related to these values. For the
present it is sufficient to simply compare the
relative magnitudes of the various attributes for
the 11 cases.

The largest overall saving is for the universal
cask cases which range from about S91 million for
consolidation directly to cask to about $96 million
for consolidation to the pools. In the former
case, the savings are about equally shared by the
utility and DOE. The case with the greatest saving
is for consolidation to the pool, most of which
would be realized by the utility since they would
not need to buy any casks. DOE's cost would be
increased since they must buy all the casks in this
case, but somewhat later.
With a potential saving to our ratepayers in the
order of S100 million for Sequoyah, TVA's overall
savings on all our nuclear plants could be onequarter to one-half billion dollars. On a national
basis, potential savings could be 10 times greater
than TVA's savings. We believe this is sufficient
incentive to pursue development of integrated cask
storage systems. We believe it is extremely
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From an economic cost standpoint, the preference is
clearly toward large casks with consolidated fuel,
There is not much difference in total cost whether
consolidated to casks or consolidated to pools.
However, radiological dose commitments favor
consolidation to casks, particularly from an
occupational standpoint which is strongly related',
to active storage and fuel-handling operations.
Public radiological dose commitment is almost
directly related to the number of shipments. The
number of shipments required is directly related to
cask capacity. The new pool and the consolidated
to pool cases delay the time until fuel is secured
in some passive storage or disposal mode. Our
experience thus far with public perceptions
indicates that they are most concerned about spent
fuel shipment and would prefer to delay shipment
until necessary o£ until final disposal is
available.
In closing I would like to say that we believe
there is sufficient potential to pursue development
of integrated cask storage systems. It is our
intent to seek cooperation with DOE, EPRI, and
others in pursuing this goal.
Table 4 Comparison of Normalized Attributes of the
Alternatives Considered in Dry Cask Systems Study
for the Sequoyah Nuclear Plant
Economic Costs
Case

Additional Storage
Alternatives

Radiological Dose
Commitments

Utility
Onsite

Total
Ratepayer

Occupational

Time to
Passive
Management

Number of
Shipments

2.1

6.6

1

New Pool

6.1

1.6

5.9

6.4

2
3
4
5

Onconsolidated to Cask
3-Ton ST
3-Ton ST/TR
10-Ton ST
10-Ton ST/TR

4.2
4.2
1.8
1.8

1.4
1.4
1,2
1.2

2.2
1.8
1,8
1

6.4
6,4
6.4
1.9

6.6
6.6
6.6
2.0

6
7
8

Consolidated to Cask
20-Ton ST
20-Ton ST/TR
20-Ton ST/TR/DS

2.1
2.1
2.5

1.2
1.1
1

1.7
1.5
1,4

3.3
1
1

3.3
1
1

9
10
11

Consolidated to Pool
20-Ton ST
20-Ton ST/TR
20-Ton ST/TR/DS

1
1
1

1.2
1
1

5.3
5.1
5.0

3.3
1
1

2.1
2.1
2.1

3.3
1
1

a. Actual total occupational doses are 1 - 2 orders of magnitude higher than total public doses.
b. Cases 1, 2, 4, 6, and 9 assume a 3-ton cask is used for transport.
c. Actual total costa are in order of magnitude higher than utility costs.
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INDUSTRY VIEWS ON TRANSPORTATION OF HIGH LEVEL RADIOACTIVE MATERIALS
Leo Macklin
Chairman, Subcommittee on Transportation
Atomic Industrial Forum
President, Transnuclear, Inc.

I would like to share with you some thoughts on a
variety of topics relating to the transportation
of high level radioactive materials.

spective, I will review the current status of high
level RAM transport.
LARGE QUANTITY - DOT HIGHWAY ROUTING RULE

The nuclear industry recognizes that the transportation of radioactive materials has a high public
profile which will continue as long as there is
public concern over safety.
The safety issue becomes distorted when "what if"
catastrophic accidents are raised and probablistic
risk assessments must provide an answer.
There is a high degree of confidence that the current transportation regulations - reflecting the
competence of a world wide basis of hundreds of
scientists and engineers - are more than adequate
to protect tho public health and safety against
even the most incredible (in severity) aeries of
accident conditions. It is disconcerting to observe the publicity given by the media to the
"doomsday" critics of regulations which have been
successfully implemented over a period of three
decades without a single fatality or significant
injury attributable to the radiation hazard.
Only a profound change in the perception of society
can turn this attitude around on a short term basis.
On a longer term basis - perhaps in a five to ten
year time frame - the attitude is reversible provided the transportation industry maintains its
excellent record and no significant accidents
occur. By significant accidents, I mean those
that release activity above permissible limits not the over-turned trailer or the flat tire or
the inadvertent skJ.d.
The Nuclear Waste Policy Act of 1982 certainly represents a major step forward in resolving what for
more than a decade was a roadblock to a viable
civilian nuclear power program. From the transportation point of view, it leads to the solution
of some problems but not without posing others.
The fact that the DOE will be responsible for the
transport and for providing the transport system
at the reactor site removes a potentially difficult
hurdle facing nuclear utilities. On the other hand,
providing a compatible and cost efficient cask
system for each reactor presents a formidable challenge both to the nuclear utility and the DOE. To
put the transportation segment of the Act in per-

The DOT Highway Routing Rule (HM-164) which encompasses "large quantity" - and that includes spent
fuel shipments - calls for the Interstate Highway
System as preferred routing and gives the States
the prerogative of designating additional routes to
replace portions of the system. Although the rule
is a positive step by the DOT, local bans and restrictions still persist. These are currently being
challenged along the routes of the spent fuel shipments from West Valley, N.Y. to the Dresden Station
of Commonwealth Edison and the Point Beach Station
of Wisconsin Electric. Bans proposed by three Ohio
jurisdictions claiming that FEMA, DOE, DOT and other
government agencies have failed to provide necessary
equipment and training to the local agencies for
emergency response and control are being opposed by
the two utilities and their contractors in the
United States District Court for the Northern Distric of Ohio. Ohio Turnpike restrictions on transport after 2:00 p.m. Fridays and during summer weekends is still another example of the type of
impediments which are inconsistent with the Highway
Routing Rule. Yet the transports are proceeding.
The recent ruling of the U.S. Court of Appeals for
the Second Circuit reversing the judgment of the
District Court to uphold the ban on spent fuel and
other large quantity shipments through New York City
and other urban areas of extremely high population
density, has gone a long way toward blunting the
effectiveness of local transport bans. New York
City has appealled this ruling to the U.S. Supreme
Court. As each state or local jurisdiction e.g.
New Jersey's recent legislation, imposes its version
of the New York ban, court action will fee required
and depending on the attitude of each court, transport delays may be experienced.
NRC's requirements for physical security of spent
fuel through certain urban areas and for prenotification to state and local officials have created
problems both for the transporter and the officials.
The results of recent Battelle and Sandia studies
have demonstrated the extremely low probabilities
of serious injury due to the radiation hazard. The
NRC is now in the process of evaluating the degree
to which the current level of physical security can
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be diminished. However, it is not anticipated that
the preno»-ification requirements will be eliminated.
We should note that, notwithstanding the current
restrictive requirements, shipments of spent research reactor fuel from Europe to U.S. DOE reprocessing facilities have been proceeding without
major delays or difficulties. Costs are of course
significantly higher than they would have been,
absrcnt the requirements.
THE RAIL SITUATION
Continuing resistance of the railroads to I.C.C.
and court rulings to common carrier service under
published tariffs at reasonable rates, without imI>osition of special train service,- presents a
challenge to industry. Either out of general
fear as to the consequences of an accident or genuine concern as to the availability of emergency
response, or possibly because of lack of economic
incentive, the railroads resistance continues.
They are expected to appeal the October 11, 1983
I.C.C. directive to the railroads in the south
and in the west that rates be reduced to approxi25% of the rates currently in effect for spent fuel
and for empty casks,
HIGH LEVEL WASTE
High level waste transportation - except as it relates to spent fuel - is still some years away from
becoming a major issue. There are DOE programs
involving the design and development of high level
waste packages which call for operational units by
the end of this decade.
TH': NUCLEAR WASTE POLICY ACT OF 1982
The Nuclear Waste Policy Act of 1982 relates specifically to high level radioactive waste and to
spent nuclear fuel. It puts the DOE in the role
of transporter of this fuel. By taking title to
spent fuel at the reactor site for shipments to
interim storage facilities or repositories, the
utility is removed from the trials and tribulations
of fighting through the maze of regulations including those imposed by local jurisdictions. The
DOE is to use private industry for cask systems
and services unless clearly not feasible. This
sounds great but a few problems do arise.
If a utility owns an NRC-certified spent fuel
shipping cask, should it not be used? Should not
the use of such a cask be a credit to the user
utility against the one mil/kw-hr fee?
If such a credit is warranted, why should not all
nuclear utilities be permitted to select casks
from the inventory of NRC-certified casks available from the private sector and obtain an appropriate credit against the 1 mil/kw-hr charge?
Should not each utility be permitted to "optimize"
its spent fuel removal system with due recognition
of overall costs to the DOE?
flnd what about utilities which have spent considerable time and money to consolidate fuel? Or
those with on-site storage casks - programs -
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especially if those casks might eventually be
licenseable for transport as well as storage?
Clearly, an optimization and credit system is called
for.
In the November 14, 1983 Federal Register, there
appeared a Notice of NRC/DOE procedural agreement
pertaining to planning assumptions and procedures
for the "development" of transportation packaging
under the 1982 Act. This agreement addresses
schedules for design and testing of packaging.
Hopefully this agreement will set milestones for
the private sectors' role in providing for transport
system requirements.
As a consequence of the Act, questions have arisen
as to shipping cask needs, the ability of the cask
supplier industry to meet those needs, the characteristics of future casks, and the degree of government or utility involvement. The DOE storage cask
demonstration program also impacts on the overall
picture.
SHIPPING CASK NEEDS, CHARACTERISTICS, LEAD TIMES
AND ROLE OP GOVERNMENT AND UTILITIES
Questions have arisen as to shipping cask needs,
the ability of the cask supplier industry to meet
those needs, the characteristics of future casks
and the degree of government or utility involvement.
U.S. Spent Fuel shipping Needs for Next Decade
The passage of the Nuclear Waste Policy Act of 1982
should defer significant amounts of shipping until
a repository is available toward the end of the
century. Intra-utility transshipments, shipments
which 'may be required to DOE facilities in support
of the Licensed At-Reactor Dry storage Demonstration Program, shipments to Federal interim storage
facilities (if any) and any shipments required for
research purposes can be handled by the existing
fleet of casks for the next decade. The opening
of a repository or a monitored retrievable storage
facility would signal the commencement of spent
fuel transport on a significant scale; however,
this is not likely to happen before the late 90's.
Figure 1 shows the number of casks required as a
function of shipping distance if the quantity of
fuel shipped each year is- equivalent to the quantity
discharged and all shipments are made in transport
casks. For a 2500 mile one way trip the number of
casks is over 100 assuming 50% rail and 50% truck
with the quantity shipped by truck being equally
divided between overweight legal weight shipments.
Table 1 lists the supporting assumptions. However,
if there is widespread use of storage casks at
reactor sites and if such storage casks could be
used for one or two shipments, the number of transport casks required woulJ be reduced dramatically.
- What Should Government or Utility Industry Do To
Assure Adequate Spent Fuel Services During Next
Decade?

Firm Orders for rental or purchase from the government or the utilities will be sufficient to assure
an adequate industry fleet over the next 15 years.
Adequate lead time must be allowed to assure cask
availability for specific needs.
- Characteristics of Casks Through the Year 2000
The characteristics of casks used from now to the
end of the century are not anticipated to change
significantly from those currently under design
and fabrication.
It is anticipated that new rail shipping casks will
be made of solid metal and will operate dry. A
cask designed for five year old fuel will certainly
be lighter in weight and simpler to operate and
construct than one designed for six month old fuel.
It is anticipated that any new regulations or
standards promulgated in the next few years will
impose stricter requirements >n design, quality
assurance and in-service inspections, but these
new regulations should not have a major impact on
current cask designs. We believe that safety
features for containment should continue to be
incorporated in the cask design rather than placing reliance on the transport vehicle for additional safety with possible additional restraints on
transport. Experience in the United States and
Europe shows that a variety of casks can be accommodated in most facilities. The receiving facility
requirements should not dictate cask design; reactors have widely varying shipping facility designs
and often have restrictions as to si2e and type of
casks which can be accommodated.
- Estimate of Lead Times for Design, Licensing
and Fabrication

private industry cannot or will not perform.
THE DOE COOPERATIVE STORAGE DEMONSTRATION
Before closing I would like to address the DOE
Storage Demonstration Program for dry storage casks
as it relates to transportation.
The design of a storage cask to minimize costs can
be characterized by features such as a simple inexpensive basket, removable trunnions, no impact
limiters, etc, with maximum possible capacity consistent with handling requirements at reactor sites.
These features are such that licensing of a cask
designed for an optimum storage function would be
difficult under 10CFR71. The requirements of the
hypothetical accident are severe and meeting them
would impose design features on a storage cask such
that the economics would be adversely affected.
The interpretation of the regulations in 10CFR71 and
the associated regulatory guides is subject to numerous changes in a dynamic, highly technical regime.
There is no way of assuring that casks receiving a
transport license in the near future will retain
that license at such time as a repository is ready
to receive fuel. It should be noted that licenses
for spent fuel transport casks under 10CFR71 expire
in five years and, furthermore, can be revoked at
any time.
Considering that a storage caskvill not need to be
transported more than once or twice during its
lifetime, an NRC license for such transports should
be obtainable when the future need arises. This
approach places the priority on storage of spent
fuel - the more immediate problem - with the transportable aspect postponed until shipments are
actually required.

Total lead time for designing, licensing and fabricating an entirely new spent fuel cask system
is on the order of five to six years assuming licensing can be completed in one year and procurement activities are not initiated until the
Certificate of Compliance is received. For an
existing licensed cask design, depending on the
complexity of design and number of fabrication
sources utilized, initial deliveries in one to two
years and additional units at a rate of two to
three per month can be expected.

There have been arguments that perhaps a smaller more readily transportable and disposable storage
cask might represent improved economics. However,
until we know considerably more than we do now as
to the impact such casks would have on repository
costs and whether or not - and to what extent - the
DOE would provide utility credits for potentially
lower costs to the government, optimization can only
be based on today's storage cost economics.

— Involvement or Participation of Federal Government

Although we can agree that the 1982 Act was a vival
step forward in providing a mandate to resolve the
fuel and high level waste problem, it is difficult
to see clearly through the many complex steps which
have to fall into place before the private sectox
can plot its own course of action. We can only
hope that the DOE will undertake this program in
consultation and cooperation with industry.

The preference is for no Federal government involvement. However, in view of the NWPA's assigning
responsibility to the Federal government for performance of transports to the repository it is hoped
that the governmert will encourage suppliers of
licensed casks to deal directly with individual
utilities to work out cask handling and transport
details. We would encourage the DOE to modify the
disposal contract to allow credits to individual
utilities which take actions, including the provision of casks by ownership or rental arrangements,
which reduce the government's costs. It is anticipated that the government will not enter the licensing or manufacturing markets unless it is clear that
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SUMMARY

FIGURE 1
CASK FLEET TO SHIP 3100 MTU/Year
120

500

1000

1500

2000

2500

ONE WAY DISTANCE, MILES

372

3000

TABLE 1
SPENT FUEL SHIPPING CASK PROJECTIONS

THE LATEST SURVEY PUBLISHED BY DOE IN JANUARY 1983

(DOE/RL-83-1, SPENT FUEL STORAGE REQUIREMENTS) SHOWS ALMOST
UNIFORM AMOUNTS OF FUEL DISCHARGED YEARLY AFTER 1990. THE
AVERAGE OVER A TWELVE YEAR PERIOD IS ABOUT 3100 MTU. IT IS
ASSUMED THAT AN EQUIVALENT AMOUNT OF FUEL WOULD HAVE TO BE
SHIPPED TO A REPOSITORY OR A MONITORED RETRIEVABLE STORAGE
FACILITY.
OTHER ASSUMPTIONS:
CASK TYPE

CAPACITY/ P/B
, MTU
AVERAGE SPEED, MPH
TURNAROUND TIME, HRS
CASK UTILIZATION
MARKET SHARE

LWT
1/2

OWT
3/7

0.4
35
24
80%
25%

1.3
20
24
80%
25%

37:

RAIL

12/32
6.0
6
48
80%
50%

FIGURE 1
CASK FLEET TO SHIP 3100 MTU/Year
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TRANSPORTATION RESEARCH ACTIVITIES IN,SUPPORT OF NUCLEAR WASTE MANAGEMENT PROGRAMS
G. C. Allen, R. E. Luna, R. M. Jefferson and W. E. Wowtk
Sandla National Laboratories
Albuquerque, NM 87185

,

:

that private industry would be responsible for
aspects of transport for commercial materials
prior to the passage of the NWPA, including
acting
as
shipper
for
the
materials.
Consequently, DOE transportation research and
development activities were focused primarily
on defense program needs with the expectation
that defense systems would serve as precursors
for the development of commercial systems for
similar materials.
The passage of the NWPA
increased
DOE's
responsibility
for
the
shipment
of
commercial
high-level
waste
materials subject to the requirement that it
utilize, by contract, private industry to the
maximum extent practicable.

INTRODUCTION
Transportation
of nuclear materials
is. an
Indispensable component of both the nuclear
industry
and
nuclear-related
governmental
activities in the United States.
It is a
particularly important component of that part
of the industry dealing with the processing,
storage, and ultimate disposal of radioactive
wastes.
The U.S. Department of Energy (DOE)
is
involved
in transportation
as both a
generator of nuclear waste and a sponsor of
nuclear activities. In addition, the recently
passed Nuclear Waste Policy Act (NWPA) has
placed new transportation responsibilities on
DOE since it is required to manage the program
to take civilian spent fuel and hjgh level
wj.ite and emplace it in storage or permanent
disposal locations.
This responsibility is
particularly
important
because many
issues
that arise relative to the transportation of
radioactive materials are specifically focused
on tpant fuels and nuclear wastes.

In order to define the direction of future
transportation
programs
for
civilian
radioactive waste management activities, the
DOE is currently developing a transportation
mission plan.
The mission plan will address
both
near
and
long
term
transportation
operations and the institutional initiatives
needed to complete NWPA activities.
Included
in the plan will be guidelines for research
and development programs to support future
transportation operations. Thus, there are a
number
of research
issues and activities,
planned or underway, which address technical
needs,
institutional
issues,
and
systems
analyses
applicable
to
the
transportation
related
requirements
of
both
the
defense
program and the commercial activities.

Sine*
the
early
1970's,
DOE
and
its
predecessor
agencies
have
recognized
the
importance
of
the
safe
transportation
of
radioactive
materials.
Initially,
this
interest took the form of a series of isolated
programs,
each
directed
at
providing
a
solution
to
a
specific
transportation
problem.
By the mid 1970's this approach
became
inadequate
to
address
the
growing
complexities
and
interactions
that
characterize waste management activities, and
in late FY78 the Transportation Technology
Center (TTC) was established to implement a
coordinated program on the transportation of
radioactive materials with the Albuquerque
Operations Office as the lead DOE field office
and Sandia National Laboratories (SNL) as the
lead contractor.
The Federal Government has
complete responsibility for the transport of
defense
radioactive wastes generated
as a
result
of
nuclear
weapon
and
military
propulsion system activities. It was expected

Transportation Research Issues
While there are no deficiencies in the present
system
which
result
in
unnecessary
or
unacceptable risks, technology in radioactive
materials
transportation
will
continue
to
evolve and provide the opportunity to further
reduce these already low risks and, more
significantly,
reduce
costs
and
improve
operations.
Thus, the questions to be addressed include at
least the following:
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1.

2.

3.
4.

How can emerging technologies be
applied to the improvement of the
transportation of radioactive
materials?
What priorities should be placed upon
the development efforts necessary to
bring these technological improvements to fruition?
Who should bear the responsibility
and cost for such developments?
How
should
these
activities
be
planned and conducted to assure
public acceptance of the transport of
radioactive materials? Organizations
responsible
for
the
continuing
technological development and use of
radioactive materials transportation
include
government
agencies,
utilities, private service companies,
national laboratories, transportation
companies and other entities. Each
has its own programs which may be
great or small, broad or narrow.

2.
3.

Emergency Response.
Communities stated
that
lack
of
emergency
response
organizations and training were one source
of reluctance to allow RAM shipments
within their jurisdictions. Analysis
indicated that emergency response planning
could be improved and that there was not
widespread
appreciation
of
existing
capabilities for training at the federal
and state level.
Two actions were
generated
to
meet
this
need:
1)
facilitation of the development of FEKA
guidelines for transportation accident
plans
was
accomplished
and
2)
a
compilation of emergency response courses
(soon to be available) was undertaken.
Pre-notification
of
Shipments.
Pr»~
notification
of
shipments
(especially
large quantities) is frequently requested
by communities
on
possible
shipment
routes. While not precluding shipment,
such procedures do add to the cost of
shipment without any apparent benefit. If
every
jurisdiction! on
a
radioactive
materials
shipping
route
require*
pre-notifIcation, instead of just states
as
currently
required,
a
paperwork
nightmare could result. The mechanism of
pre- and post-notifications has been
examined in one report and a future report
will evaluate the process from a legal and
case study basis to determine possible
cost/benefit impacts and the susceptability of such ordinances to preniption.

Addressing these four questions on behalf of
DOE, Sandia has organized transportation R&D
for DOE into threa broad categories:
1.

(iscues) ai aarly ai ponibla, delineating
their origin, factual basis and principal
features and then, where possible, identifying
positive approaches to minimizing the
problem. Two recent issues which war* the
subject of evaluation and action were:

INTERGOVERNMENTAL
ISSUES
AND
INFORMATION,
SAFETY ASSESSMENT & ENVIRONMENTAL
ANALYSIS,
TECHNOLOGY DEVELOPMENT.

Each of these three categories
include
components rf all the others and are therefore
interdependent. These divisions though, make
it simpler to understand and assess the
Transportation R&D program.
Intergovernmental Issues and Information
.u&nsport&tion of radioactive materials of all
kinds and all degrees of relative hazard is
occurring
but
significant
institutional
problems exist and are continually surfacing
that can act to prevent or greatly complicate
the efforts of meeting the nation's goals in
the radioactive waste management area. The
enactment of local restrictions on time of
day,
transit
permits,
pre-notlfication,
required
liability
coverage
and
other
institutional barriers to ths transport of
radioactive materials are likely to become
more important as the DOE approaches the point
of site selection and it becomes clearer what
cities and states are likely to experience
waste shipments to the repositories. These
institutional barriers must be assessed from
the viewpoint of their impact on the cost and
design of ^he repository program, their impact
on the overall risk of waste management
program and their origin in the public's
beliefs that was their impetus.

Studies of similar scope concerning HM164's
routing requirements, Price-Anderson/liability
coverage,
legal
requirements
on
EA's,
preemption,
and
federal
agency
responsibilities have been carried out or are in
progress and are the subject of topical
reports.
In contrast to these activities in the "soft"
sciences are the "hard" science/technological
developments which are reviewed later in this
paper. But, ths results from both kinds of
studies are only of limited value to the
program without seme means of making people
aware of this information and a host of
supporting data that relates to transporting
radioactive materials.
This is the basic
function
of
the
TTC's
Transportation
Information Center (TIC). The TIC has as its
goal providing answers to questions from all
sectors of the public concerning radioactive
material transportation.
To perform this
function,
the
TTC
has
pre-approved
informative white papers which are keyed to
often-asked questions. In addition, there are
exhibits that are used, as appropriate, in
meetings and hearings, and a variety of films,

Such assessments are the function of the
Intergovernmental Issues component of the
TTC's
program.
The
program
aims
at
identifying possible institutional barriers
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modern life. However, the fact that risks can
bo shown to be small by analysis In no way
minimizes the careful scrutiny of RAM shipment
hazards by the public.
The emphasis on the
very
low
probability/high
consequence
accidents which are shown to be possible, but
improbable, detracts from moro likely, but
less
spectacular,
accidents
and
the even
larger
impact
of
normal
radiological
and
non-radiological
effects.
Efforts
are
underway continuously to develop techniques to
explain
the
risks
and
to
provide
an
appropriate background on which to judge them.

slides and other visual materials used In
conjunction with speakers from the TTC and
which
ere
frequently
provided
to
other
requesters.
Data
collections
which
lend
themselves to computerized data base formats
and
require
repeated
access
in
different
reference frames are used to speed up the
response process. Some of the principal data
b&ses developed at the TTC for use in meeting
public inquiries are:
HMIR.
A
complete
file
of
incidents
reported
to
DOT, NRC and
some
state
governments involving radioactive material
shipments is computerized to allow access
by state, carrier, location and a variety
of other search frames.

The place where the institutional framework
within which waste shipment will occur, the
physical
description
of
transportation
hardware, the logistical plan for repository
campaigns and the risks of shipment will come
together in the environmental analyses which
must support each repository.
Since these
analyses include transportation issues among
all others related to the selection process,
extensive
development
of transport
options
within the analysis is probably not called
for.
Yet,
because
of
the prominence
of
transportation
in
the
public's
eye,
some
detail is required.
To meet these needs, TTC
is
developing
a
generic
appendix
which
contains all of the general information likely
to be needed in one document together with
methods of specializing that data to each
site.
Using
the generic
appendix, it is
expected that most waste management project's
needs will be met without needless duplication
among repository programs.

RAMP AC.
A file of NRC and DOE certified
packages
is
maintained
which
can
be
accessed by certificate number, material,
cavity dimension, weight and other factors.
Legislative Data Base.
A file of state
legislation
relating
to
radioactive
material transportation and especially to
constraints on shipping is funded by TTC
and maintained at ORNL.
The underlying goal of the TIC is the quick
dissemination of factual information both to
meet the immediate needs of the questioner but
also
to
build
public
trust
In,
and
understanding
of,
the
basic
features
of
nuclear
materials
transportation
and
its
record of achieving outstanding safety over
the 40 years of the nuclear age.

Technology Development
Safety Assessment and Environmental Analysis
The driving factor behind the DOE program in
transportation must include the development of
the technology leading to systems hardware.
This process includes a number of components
which must be combined to produce operational
equipment.

Specifically
noted
in
the
NWPA
are
the
requirements to consider transportation risks
in the process of selection of the final
site.
Evaluation
of
these
transportation
risks is accomplished using the RADTRAN II
code.
This code is an outgrowth of the NRC
transportation risk assessment activity which
was documented in NUREG- 0170. As a result of
its generality and capability for relevent
modification the code was selected to be the
basis
for
the
IAEA's
international
risk
assessment program (under the name INTERTRAN
to signify modification for use in an even
wider spectrum of conditions than in the U.S.).

BASE TECHNOLOGY- enhances the understanding of fundamental phenomena and leads to the
development of building blocks that can be
used for many applications.
Base technology
covers
such
areas
as
materials,
joining
methods
and
heat
transfer.
Examples
of
specific issues which relate to this area are:

But RADTRAN is not a static tool; its internal
models for estimating normal and accident risk
by mode
are being continually updated to
reflect
the best
available
information
to
specify how RAM transportation actually takes
place. Current efforts in risk assessment are
to further refine input data that characterize
the rail and waterborne modes and to reexamine
the package failure thresholds that are used
in the calculation of risk from accidents
involving RAH packaging.

Material Data- A well recognized body of
materials property data need to"*, be developed
for candidate packaging materials over a wide
range of material
thickness,
temperatures,
temperature fluctuations and various strain
and strain-rate environments. These data need
to be documented and disseminated in a fashion
which will
allow th'3m to be accepted by
designers and regulators alike.
Additional
data need to be developed for the commonly
accepted packaging containment and shielding
materials
such
as
stainless
and
ferritic
steels, and lead and depleted uranium.

Use
of RADTRAN
shows
that
the risks of
transporting RAM are relatively small compared
with those attendant to other activities of

Other materials may be considered in packaging
designs
where
new data are needed.
For
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example,
ductile
cast
irons
are
being
developed
which
need
to be qualified
as
structurel materials.
Materials Joining—One limitation to the
fabrication of large shipping casks is the
ability to perform heavy section weldments and
to
then
non-destructively
evaluate
these
welds. Another related issue is the long term
behavior of these welds during use in the
transportation environments.
The ability to
use less costly base metals which are plated
with corrosion and/or contamination resistant
coatings must be developed or demonstrated.
Fabrication T e c h n o l o g y —
Many other
material and fabrication issues exist where an
adequate body of data are not available to
provide the desirable answers.
Included in
this are the problems of galling of bolts on
mating threads (especially with austenitics),
environmental
cracking
(i.e.,
slow
crack
growth brought on by exposure to an active
environment
such
as
chlorides,
or
the
existence
of
residual
stresses),
and
the
reduction in ductility and fracture toughness
which may result from thermal cycling during
normal use.
Brittle Fracture—The problem of brittle
fracture of steel containment walls is an
important i s s u e w h i c h is c u r r e n t l y
constraining packaging design. A conservative
design philosophy places all of the burden of
failure prevention upon the material.
This
limits a designer to select between a few,
very costly materials (generally austenitics
or
a
few
high-alloy
ferritie
steels).
Alternates to these conservative procedures
are needed which will allow the design to
utilize less cosily, more easily fabricated
and inspected ferritics and possibly even the
newly
emerging
ductile
cast
irons.
The
ductile
cast
irons provide an
interesting
dichotomy.
The material by commonly accepted
procedures has a very low fracture resistance;
yet many impact tests of scale model and full
scale ductile cast iron structures have shown
ihat these materials are fracture resistant,
even when cooled to sub-zero temperatures. A
new fracture design philosophy for this class
of materials is needed.
Closure Seals Behavior—The behavior of
seals in dynamic environments is also an issue
which
has
not
been
adequately
addressed.
Adequate
scaling
following
a jpectrum
of
events
depends
upon
the contents of the
packaging
and
the
specific
seal/packaging
design.
The duration
f seal breach events
and the quantity of material released during
such events also need to be evaluated to
characterize
seal
response
to
dynamic
environments.
Heat
Geometrical
Considerations
Transfer—Heat
transfer
phenomena
in many
radioactive material shipping systems is a
combination of natural convection, conduction
and
radiation.
Natural
convection
heat

transfer coefficients for a variety of unuiual
geometries need to be better defined to allow
more
accurate
prediction
of
system
temperatures.
ANALYSIS
METHODOLOGY
R&D
enhances
the
ability to predict accurately the response and
bjhavior
of
transportation
systems
during
operation. These tools and methods allow the
engineer
to
estimate
results
from
any
hypothetical
situation
and
develop
future
designs.
Technical areas included in this
category are safety and license evaluation
methods,
testing,
risk
assessments,
and
systems analyses. The ability to evaluate the
safety and response of transportation systems
is essential to users, licensing agencies, and
interested
public
citizens.
Examples
of
specific issues in this area include:
Verification Technologies—Analysis
techniques have become more extensive and complex
over the past decades. Computer codes and a
- greater understanding of fundamental phenomena
have enhanced evaluations of transportation
system performance.
Some evaluations have
lead to increases in both actual and perceived
levels of safety. As capabilities to perform
better and more detailed analyses develop, the
trend is to use these methods. The issue is
to develop and use new analysis technologies
that result in real and perceived increases in
the level of safety and can be justified on
their technical and economic merit.
Regulatory Adequacy—The adequacy of the
hypothetical accident conditions specified in
both international (IAEA Safety Series No. 6)
and
in domestic
(10 CFR
71 Appendix
B)
regulations is often questioned.
For example,
it is often pointed out that the required 9
meter drop results in only a 48 km/h impact,
whereas transportation systems often travel at
much higher speeds.
Similarly it is often
argued that fires can be hotter than the 800*C
thermal exposure required by the regulations.
The critiques of the existing hypothetical
accident
environment
often
neglect
the
engineering rationale for tbe regulations and
the very stringent acceptance criteria for a
package
after
the
hypothetical
accident
conditions are applied. In this case analysis
methodology allows estimates of the effects of
real a c c i d e n t for c o m p a r i s o n w i t h t n e
regulatory requirements.
Data
Weeds
and
Correlations—Dtta
and
phenomena correlation? need to be developed to
perform verification analyses. An example of
an area which will require significant effort
in the future concerns the quantification of
particle release rates through various shaped
leak paths, and the correlation of the leak
rates with
the easier measured volumetric
leakage rates.
The regulations are being
modified to specify allowable leakage rates in
terms of Ai or A 2 (i.e., i.sotropic) q u a n t i ties . W i t h o u t the a b o v e m e n t i o n e d q u a n t i f i c a t i o n and c o r r e l a t i o n s for the
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various
radioactive material
formi
to
be
shipped, the designers will be required to
rely upon the "leak tight" criteria specified
in ANSI-N14.5, which often may be excessively
conservative.
Such conservatism may
force
some materials to be required to be shipped in
doubly
contained
configurations
generating
greatly Increased costs (monetary and perhaps
even
total
risk)
without
commensurate
reductions in radiological risk.

to
standardize
the
Interface
operations
between the facilities and the many packages
being received. For example, in order to meet
repository worker radiation exposure limits
dictated by guidelines generated in response
to ALARA,
special
handling
of
Individual
packages which result In significant amounts
of
direct
hands-on-work must
be
reduced.
Issues include which features to standardize
and whose design is to become the standard.

Risk
Analysis
Tools—Risk
and
systems
analysis tools are used to evaluate safety,
operational
and
economic
aspects
of
transportation
system.
These
range
from
evaluating fleet requirements and costs for a
given waste to performing risk assessments of
shipment
options.
These
evaluations
are
required to allow the designer or planner to
fully assess the impacts of decisions prior to
making an operational commitment.

Standards—The
development
of
consensus
standards has been the subject of activity by
many
national organizations,
including
the
American National Standards Institute (ANSI),
the American Society of Mechanical Engineers
(ASME) and the American Society for Testing of
Materials (ASTM).
Generally, for radioactive
materials transportation systems, the ANSI has
taken the lead, but the production of timely
and useful standards was limited for several
years. The ASME has initiated an activity to
implement into the ASME codes the requirements
for shipping cask design and testing methods
relative to the primary containment system.

Performance Verification—In order to have
confidence that evaluations and predictions
actually have some value, a method of feeding
back and double checking predictions needs to
exist.
Quality assurance and testing provide
a major input.
Operational, non-destructive
and destructive testing provide the data that
can be used to develop and use analysis
methodologies.
Activities
range from full
scale extra-regulatory testing to operational
handling of packagings.

New Packaging Features—In order to meet
future
packaging
requirements
that
are
continuously evolving, new technology will be
developed.
Robotic
handling
systems,
new
neutron
shields,
cast
iron
containment
vessels,
package/vehicle
integrated
systems
and improved decontamination systems may be
developed in future years.

SYSTEM R&O would encompass such areas as
design m e t h o d s , p a c k a g i n g d e v e l o p m e n t
carrier/packaging/facility
interfaces,
and
handling m e t h o d s or h a r d w a r e .
These
technologies are refined
in an effort to
directly affect the physical performance of
radioactive
material
transport
systems.
Activities range from the development of an
overpack for transporting transuranic waste to
improvement of techniques for reducing surface
contamination levels.
Examples of specific
issues^in this area are:

CONCLUSIONS
'Che TTC has been conducting a wide range of
technical
and
non-technical
research
activities to assure the ability to transport
radioactive materials in a safe, reliable, and
publicly acceptable manner.
These activities
include t a s k s in I n f o r m a t i o n and
Intergovernmental i s s u e s , S a f e t y A s s e s s m e n t
and
Environmental
Analysis
and
Technology
Development. Until recently, the requirements
of defense waste shipments have served as a
focal point for development tasks with the
expectation
that
they
would
serve
as a
precursor
for
commercial
activities.
The
passage of the Nuclear Waste Policy Act has
placed additional responsibility on DOE for
concerns involving the shipments of civilian
materials.
The
development
of
additional
research
responsibilities
is
expected
to
proceed concurrently with the evolution of the
transportation mission plan for civilian spent
fuel and high-level wastss.

Packagings
Development—In
the past, a
need to ship a given material would arise and
a
packaging
would be developed
for
that
specific purpose.
This has resulted in a
large number of specialized packagings, each
with a limited capability.
Since both the
cost
and
length
of
time
required
for
development have increased, perhaps a family
of packagings with a flexible capability would
be better for the future.
Joint storage/
transport applications should be evaluated.
Even neglecting this approach, new packagings
will
be
needed
to
transport
radioactive
materials
in
the
future.
There
is
a
necessity, however, to balance the application
of evolving technology against the economic
lifetime of various packaging systems.
Standardization of P a c k a q i n q s and
Interfaces—With
the future development of
large scale facilities (such as repositories)
for handling and disposing of
radioactive
materials, there will be considerable emphasis
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REPOSITORY DESIGN SESSION, INTRODUCTION
R. W. Lynch
Sandla National Laboratories
Albuquerque, Naw Mexico 8718S
Use of deep-mined repositories has been the
preferred option in the United States for the
permanent disposal of high-level radioactive
wastes since the concept was suggested by the
National Academy of Sciences in 19S7. This
approach was reaffirmed by the Interagency
Review Group in 1979, and its use is a fundamental assumption underlying the resolution of
the waste disposal problem as addressed by the
Nuclear Waste Policy Act of 1982.
The purpose of this session is to articulate
the efforts being made within the NWTS Program
to develop designs for deep-mined repositories
that not only meet requirements for safe civil
structures and handling of radioactive materials, but also deal with existing site characteristics in a way that preserves or enhances
the inherent containment/isolation potential
of the site. After these brief introductory
remarks, four papers will be given which provide updates on the design progress being made
within each of the principal NWTS Projects.
To complete the logical extension of the
design subject, a fifth paper will describe
construction management and quality assurance
procedures that are being developed within the
Exploratory Shaft Facility in Salt Project to
ensure that the ESF design is properly completed in the as-constructed facility. These
procedures should be representative of those
which will be employed in repository construction.
What is involved in the design of a deep-mined
repository? The DOE and its predecessor agencies have sponsored numerous design studies of
repositor*-!S dating back to the late 1960's.
These included a variety of geologic media,
including salt, basalt; granite, shale, and
tuff and confirmed that a repository in any
medium would have essentially the same facilities but that specific details of configuration would vary with rock type and sitespecific conditions. Features or facilities
common to all repositories include the following:
1. Interface with the road and/or rail transportation system
2. Waste receiving facilities
3. Waste and material handling facilities
4. Rock handling facilities

5. Shafts or declines for man and materials/
waste/ventilation
6. Underground haulage ways
7. Underground disposal drift*
8. Underground waste emplacement holes (and
drifts for TRU waste)
The underground facility or structure constitutes the real substance of the repository,
and its design must, take into account three
basic considerations:
1. Compatibility of the array of openings
with the natural conditions in th*^ earth
established by the geologic and hydrologic
character of the specific site, ••%-,
orientation of the underground structure
with respect to the natural stren' rag 1 M
or fracture regime and water flow pathway!.
2. Operational effectiveness in amplaclng. and
retrieving waste and removing mlntd rock,
e.g., size and configuration of haulageways and ventilation tunnels to facilitate
operation and maintenance of tha underground workings.
3. Controllability of long-term condition!
that affect waste containment and isolation, i.e., actions that may be taken in
excavating, loading, and final closing of
the repository to preserve or enhance isolation characteristics.
It should be clear from the above comments
that an essential ingredient for proper design
is a satisfactory characterization of the geologic and hydrologic characteristics of the
site as well as a thorough knowledge of key
material properties of the host rock. A More
subtle point is that a strong design activity
is needed in parallel with site characterization to help determine which site characteristics should be most fully investigated and
where the investigation should be most intensive, i.e., the design process and site characterization should be
strongly coupled.
This coupling between design and actual geologic/hydrologic characteristics of the proposed
repository site continues through repository
construction and will be manifested by development of contingency plans early in the design
process to handle localized adverse conditions
discovered during construction.

handling of radioactive material! but alio
requirements for containment and Isolation of
the wastes after final closura.
Thata
analyses constitute a sublet of tht itt of
analyses frequently called a Performance
Assessment that confirm! the viability of the
Integrated Mined Geologic Disposal Systaa.

No matter how carefully the site and host rock
characterization studies are conducted, residual uncertainties will remain. It is the
task of the designer to assure that the design
and operating conditions are sufficiently conservative and flexible to adequately accommodate these uncertainties. Within the NWTS Program, this is being accomplished starting from
a clear understanding of the functional
requirements of the various components and subsystems which comprise the repository system.
(What is each subsystem or component supposed
to do?) Knowing the intended function(s), the
designer then identifies performance measures,
i.e., measurable parameters with which to best
characterize how well the component or subsystem is performing its intended function(s) and
performance criteria that are the minimum
allowable values for the performance measures. Finally, technical constraints or limiting values of parameters of the environment
such as temperature or stress, which affect
the performance measures, are established
based on the point beyond which the component
or system can no longer be expected to perform
its function acceptably. (This is the point
where the performance measures no longer meet
the performance criteria.). Conservatism is
achieved by designing and operating the repository In a manner to ensure that all performance criteria are met. The greater the uncertainty in site and material characteristics,
the greater the margin of safety that must be
allowed between operating values of the parameters of the environment and the corresponding
technical constraints to ensure that the performance measures meet the performance criteria. For each project, a comprehensive, .but
evolving,
report,
the Repository
System
Description.* will be prepared early in the
design process. This report will document the
subsystems and components, their functional
requirements, performance measures, and performance criteria, as well as parameters of
the environment that affect them significantly, resulting technical constraints, and
maximum operating values. As in site characterization and design, the development of the
system description and design must proceed in
parallel to achieve near optimum results.

Before the design task can be taken to conplotion, overall system constraint! such at repository capacity, operational lifetime, racaival
rates, transportation modes, etc. mutt be
developed by the NWTS Program. Stapi are
being taken at this time to specify these factors so that meaningful comparisons can be
made for conceptual designs in the alternate
rock types. A major overall system constraint
for the first repository, maximum capacity, is
specified by the Nuclear Waste Policy Act of
1982 to be 70,000 metric tons of Initial heavy
metal (MTIHH) of spent fuel or equivalent
reprocessing wastes until such time as the
second repository is in operationPreliminary assumptions common to all the projects are that the first repository will be
designed to:

The coupling of system description and design
is accomplished through trade-off studies and
analyses to focus down to a reasonable configuration of the repository system and to verify
that the maximum operating values for parameters of the environment or minimum operating
values for performance measures are not exceeded. This process is iterative. The final
analyses on the completed design provide a
verification of the ability of the repository
system to meet its functional requirements.
The essential point is that this includes not
only requirements for safe operating and

1.

Allow disposal of 7000 canlsttrs of
defense high-level waata and 300 canlitsrs of West Valley high-ltval waste ai
wall as spent fual and future raprocaising wastes if that policy option is
selected
(The defansa hlgh-laval watte
and West Valley high-level waste would
offset an equivalent amount of npant fual
or future reprocessing waste with regard
to the 70,000 MTIHM limit.)

2.

Allow the disposal of commercial highlevel waste and TRU waste if reprocessing
is pursued

3.

Receive spent fuel or reprocessing wastes
from fuel that has been oui of reactor
for not less than 10 years

4.

Have an average receival rate of 2000
metric tons per year of spent fuel or
equivalent reprocessing waste and a peak
receival rate of 3000 metric tons per year

5.

Accommodate
its own "final closure"
wastes to the extent practicable

Major questions which should be answered In
the near future are:
Will the spent fuel be consolidated prior to
disposal?
If the fuel will be consolidated, are the
facilities at the repositories?
What will be the ratio of rail to truck shipments to the repositories?

The nomenclature used above is not necessarily common throughout all the resposltory
projects. However, it covers the essential
concepts which must be treated in the system
description.

If reprocessing is pursued, will MOX fuel processinc be pursued?
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Will TRU wastes be processed prior to disposal?
If TRU wastes art to be processed, will those
facilities be located at the repositories?
All of the NWTS d»»p-mlnod rtpotltory projects
»r« now in torn* «t«ge of conceptual datlgn.
Th«ie efforts are not only precurion to
d»tail«d dciisna but provide r«qulr«d input to
the site nomlnatio>i/recoimendation aud sit*
characterization processes. Detailed design
will begin in the late 1980's. The first
stage, commonly called Title I Design by DOE
and its contractors, will be required to support the recommendation of one site for the
construction of the first deep-mined repository for disposal of high-level waste.
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THE BASALT WASTE ISOLATION PROJECT REPOSITORY DESIGN APPROACH
Richard T. Wilde, James L. Ash, and Keith A. Jones
Basalt Waste Isolation Project
Rockwell Hanford Operations
Rich!and, Washington

Many of the flows in the Wanapum and Saddle Mountains Basalt are separated by sedimentary interbeds averaging ~10 m in thickness. Candidate
repository horizons are located in the Grande
Ronde Basalt at depths between ~850 and 1,100 m.

INTRODUCTION
The Basalt Waste Isolation Project (BWIP), conducted by Rockwell Hanford Operations under contract
to the Department of Energy, is assessing the
feasibility of disposal of commercial radioactive
spent fuel/high-level waste in deep geologic formations in basalts beneath and within the Hanford
Site in southeastern Washington State. The BWIP
mission is to identify potential geologic repository sites in basalt and to develop associated
facilities and technology required for the permanent isolation of radioactive wastes in basalt
formations.

A typical basalt flow has a low-density vesicular
or brecciated flow top underlain by a central
entablature of dense basalt fractured by cooling
joints and secondary joints in varying patterns.
The colonnade lies beneath the entablature, similar
in density to the entablature but with predominantly vertical cooling joints in typical hexagonal patterns. Colonnade joints tend to be continuous; joints in the entablature are more likely
to be discontinuous. Fractures are commonly filled
with clays and other secondary minerals.

The objective of this paper is to provide a brief
overview of the repository design approach being
pursued by the BWIP. This will be accomplished by
describing principal characteristics of the candidate site for a repository in basalt, allocation
of performance requirements to the engineered subsystems, and system design concepts.

Hydro!ogy
Three major hydrologic systems exist within or
near the Hanford Site. These are surface-water
bodies, an unconfined aquifer, and the confined
aquifer system. The Pasco Basin area receives
surface-water drainage from throughout the Columbia
Basin via the Columbia, Snake, and Yakima Rivers.
The latter two rivers discharge into the Columbia
River south of the Hanford Site. The unconfined
aquifer system is found in the sedimentary formations that overlie the basalt. Depth to the water
table is ~70 m at the reference repository
location.

HANFORD SITE CHARACTERISTICS
The reference repository location on the Hanford
Site lies within the central part of the Pasco
Basin of southeastern Washington State. The characteristics of the site dictate the environmental
conditions for preclosure and postclosure repository performance. Site characteristics that are
important considerations in the design of the
waste package, repository, and seal system are
presented below.
Stratigraphy
The reference repository location is underlain by
a thick sequence of basalt flows comprising the
Columbia River Basalt Group. At least 70 separate
flows extend to a depth >3.2 km. The basalt
sequence beneath the reference repository location
is overlain by ~180 m of sedimentary overburden.
The Columbia River Basalt Group flows are divided
into three formations. From oldest to youngest
these formations are as follows:
•

Grande Ronde Basalt

•

Wanapum Basalt

•

Saddle Mountains Basalt.

Within the Columbia River basalt, the stratigraphy
and intraflow structure create a complex groundwater flow system. Groundwater movement can occur
both horizontally and vertically but is believed
to be dominated by groundwater flow in the sedimentary interbeds and basalt flow tops. The dense
interiors of basalt flows with entablature zones
will tend to retard the vertical migration of
groundwater. Geometric mean hydraulic conductivity
values for basalt flow tops and entablature are
10-7 m/sec and 10-13 m/sec, respectively.
Geochemistry
Several important chemical reactions have been
identified as crucial to the understanding of the
basalt geochemical environment. Matrix dissolution
and leaching (ion exchange) represent the major
degradation mechanisms for waste forms. More
importantly, hydrothermal studies demonstrate that
precipitation of new, less soluble phases from

383

saturated solutions will likely dominate radionuclide concentrations. In addition to these solubility controls, sorption-desorption studies of
radionuclides on basalt and secondary mineral surfaces indicate that this mechanism may be important
in retarding the migration of most radionuclides
in an alkaline, reducing geochemical environment.
Geochemistry also plays an important part in understanding waste canister corrosion mechanisms. The
effect of factors such as colloid formation,
anionic complexation of radionuclides, and the
effect of radiation fields on solution chemistry
are not well known at this time. This is an area
of increasing study, particularly with regard to
tests utilizing the site-specific environmental
conditions of a repository located at the Hanford
Site.

goals through several combinations of subsystem
performance levels and configurations, allocation
of performance requirements is based on an optimisation of technical, cost, and schedule factors.
Allocation of subsystem requirements is frequently
an iterative process in which ongoing data acquisition and design activities reveal subsystem
strengths or weaknesses that result 1n reapportionment of performance requirements.
WASTE
INVENTORY

•

WASTE
PACKAGE
SUBSYSTEM

1

Geomecham'cs
Design of the underground repository structures is
dependent on the engineering properties of the
host rock. Geomechanical studies are directed
toward analyzing the influence of host rock properties on the stability of underground openings
and the thermal impacts of emplaced waste. Basalt
strength and deformation characteristics vary within individual basalt flows, as determined by intraflow structure, and differ among basalt formations.
Typical intact compressive strength for basalt may
vary from <100 MPa for flow-top material to
>400 MPa for the colonnade and entablature. Fractures and jointing patterns in basalt significantly
influence the rock mass. Typical fracture frequency in basalt entabTature zones is ~4 cm.
Ambient in situ rock is ~53°C. The in situ rock
temperature, along with the relatively low thermal
conductivity of basalt, constrains the allowable
spacing of waste canisters. Based on results of a
limited number of hydrofracturing tests, deep
basalt formations exhibit anisotropic in situ
stress. Measured values of maximum horizontal-tovertical stress ratios varied from 2.1 to 2.6.
PERFORMANCE REQUIREMENTS ALLOCATION
Reflecting the National Waste Terminal Storage
Program multiple-barriers philosophy, the engineered barriers (waste package and sealing subsystems) must complement and enhance the geologic
setting. Performance of the waste isolation system
and major subsystems will be measured against regulatory standards established by the Environmental
Protection Agency (EPA 1982) and Nuclear Regulatory
Commission (NRC 1981). Reasonable assurance in
the performance of the engineered barriers must be
demonstrated to ensure that these standards are
met.

*

f
SITE
SUBSYSTEM

REPOSITORY
SEALS
-.
SUBSYSTEM

|

L
SYSTEM
PERFORMANCE

•

SUBSYSTEM OBJECTIVE: MEET EPA RELEASE LIMITS WITH HtQH RELIABILITY
USING WASTE PACKAGE ALONE

•

SUBSYSTEM OBJECTIVE: IVECT EPA RELEASE LIMITS WITH HIGH RELIABILITY
USING SITE AND SEAIS SUBSYSTEM AlONE

•

SYSTEM OBJECTIVE: PROVIDE HIGH CONFIDENCE IN MEETING EPA RELEASE
LIMITS USING REDUNDANT SUBSYSTEMS

EPA - ENVIRONMENTAL PROTECTION A3ENCY

Fig. 1 Design and performance objectives
for both expected and disruptive events.
The incorporation of barrier system redundancy and
diversity are also important means of increasing
confidence in attainment of waste isolation system
performance standards. A subsystem failure that
can significantly impact the waste isolation system
may require redundant components (i.e., multiple
shaft seals). Barrier system diversity can prevent
common mode failures by minimizing the probability
that an unanticipated process or event can lead to
system failure. In this sense, the engineered
barrier system may be required to limit radionuclide migration by both physical and chemical
means.
The approach to design of a nuclear waste repository in basalt as reflected in the Conceptual
System Design Description (RKE/PB 1983) was based
on the inclusion of "conservatism" or "safety
margins" in key design criteria that controlled
the performance of the repository system. This is
generally a qualitative design process wherein key
design criteria are set at a value that provide a
margin of safety between the criteria value and
the value at which the subsystem or component is
expected to fail. The safety margins often represent the designer's judgnent as to the probability
and consequences of that subsystem or component
failure in the absence of existing industry
standards.

The initial step in the repository design process
involves the identification and quantification of
requirements that govern the performance of the
engineered subsystems. These requirements must be
chosen to be compatible with the operating environment dictated by the site characteristics described
in the previous section. Figure 1 schematically
shows the waste isolation system and the site,
waste package, and seal subsystems. Because it is
possible to meet system and subsystem performance
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However, because of the lack of a data base for
repository subsystem failures and the 10,000-yr
period over which waste must be isolated, it is
desirable to quantify the uncertainty in the predictions of subsystem performance and, therefore,
quantify the implicit safety margin. By use of a
probabilistic approach to prediction of subsystem
performance, the cumulative effect of uncertainty
on the likelihood of attaining overall waste isolation system performance can be examined. Beginning
with probabilistic assessment of site performance
based on current information, performance requirements can be allocated to the engineered barriers.
Sensitivity of the system performance to various
subsystem configurations and levels of performance
can then be assessed. Effects of disruptive events
on system performance must also be considered.
SYSTEM DESIGN CONCEPTS
Allocation of subsystem performance requirements
is an ongoing process at the BWIP that reflects
continuing site characterization activities and
engineering analysis. To illustrate how the
repository design has evolved in response to the
constraints imposed by the site characteristics
and waste isolation requirements, BWIP repository
design concepts based on conceptual design studies
presented in the nuclear waste repository in
basalt, Conceptual System Design Description
(RKE/PB 1983) will be presented.

waste package and repository components. Conceptual design studies revealed that, due to the relatively low thermal conductivity of basalt, temperature-induced stresses around underground openings
controlled the spacing of canister emplacement
holes. A horizontal emplacement concept provides
one way of isolating and more evenly distributing
the heat sources from the access drifts.
The impacts of excavations on the behavior of the
rock mass and response to induced thermal effects
are important factors in assessing tunnel stability
from both an operational safety and waste isolation
standpoint. These impacts are dependent on in situ
stress, rock s.trength and deformation parameters,
and characteristics of discontinuities. Rock mass
deformation mechanisms must be assessed in terms
of their potential adverse effects on operational
and long-term safety. Increases in permeability
may result from relaxation of the wall rock. This
increased permeability of the rock mass surrounding
the excavations can adversely affect the waste
isolation properties of the host rock. The principal means of mitigating the impacts of anistropic
rock stresses is through optimization of tunnel
shape and orientation and through adequate rock
support.
The choice of a suitable basalt flow for location
of the underground repository facilities is dependent on both engineering and waste isolation
requirements. Important selection criteria include
those related to performance, construction, and
cost. The BWIP has identified four candidate
repository horizons at depths between ~850 and
1,100 m.

Waste Package
The waste package subsystem consists of the waste
form, canister, and backfill. The waste form can
be expected to influence waste migration based on
its solubility and sorption characteristics. The
canister is intended to provide 300- to 1,000-yr
containment in compliance with the subsystem performance criterion (NRC 1981). The current conceptual canister designs incorporate a corrosion
allowance of twice the canister thickness required
under expected conditions. Due to the expected
saturation of a repository after closure, a lowpermeability backfill is required to (1) physically
limit radionuclide movement near the canister and
(2) chemically retard radionuclide migration.

Repository Sealing
Underground excavations, shafts, and selected boreholes will be sealed at the time of decommissioning. Seal subsystem functional requirements
include providing a low-permeability and sorptive
barrier to radionuclide migration. Allocation of
numerical performance requirements for the seal
subsystem is contingent upon additional study
necessary to define the quantity of radionuclides
that could pass through the seals.

Repository

Of prime importance in seal system design is the
influence of the disturbed rock zone on system
performance. Studies indicate that stress relief
may account for increased permeability up to
several radii from underground excavations. Conceptual repository seal designs are based on the
use of cementitious grout materials and bentonite/
crushed basalt backfill in the shafts and tunnels.

The repository subsystem provides the surface
facilities, subsurface facilities, and shafts that
support preclosure operations. The principal concern in the development of a repository underground
facility is to minimize the degree of remedial
action necessary to seal the repository openings
at the time of closure and provide a stable opening
during the operating period. Limiting temperatures
and rock stress are important considerations in
repository design.

INTEGRATION OF DESIGN AND PERFORMANCE ASSESSMENT
Figure 2 depicts the process by which waste isolation system performance assessment and repository
design are integrated. Beginning with the Environmental Protection Agency and Nuclear Regulatory
Commission standards, a preliminary allocation of
functional and performance requirements to the
various subsystems can be made. These requirements then guide the site characterization, engineered barriers testing and analysis, and disruptive events analyses. The information gained from

Excessive temperatures in the vicinity of the waste
package and in the host rock can contribute to
degradation of the waste form, canister, backfill,
and host rock. The heat of the emplaced waste
also acts as a driving force in near-field groundwater flow as a result of thermal buoyancy effects.
Therefore, temperature limits must be set for key
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An example of how performance assessment can aid
in the evaluation of the contribution of natural
and engineered barriers to system performance Is
shown in F1g. 3. The Incremental effect of radionuclide decay, site barriers (solubility and5 sorpt1on), and engineered barriers (assumed 10" /yr
release rate) on Environmental Protection Agency
release limits can be seen as a function of groundwater traveltime. This type of sensitivity analysis can be used to evaluate the level of performance required from the engineered system, given,
the assumptions on site performance.
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NRC - NUCLEAR REGULATORV COMMISSION

Information concerning principal site characteristics, allocation of performance and design requirements, and examples of the synthesis of repository
design requirements have been presented. This
discussion has attempted to show the link between
the design process and performance assessment. At
the same time, constructibility and operational
issues have been identified as key factors in the
design process. Thus, the repository design must
represent a balance between waste isolation performance and engineering feasibility and system
cost.

Fig. 2 Systems design and analysis.
those activities is factored into a final performance requirements allocation, which serves as the
basis for the system design. Performance assessment of the system design is conducted to evaluate
compliance with performance requirements. If the
design yields acceptable performance, then the
design can be evaluated from an optimization
standpoint. Unacceptable performance may require
reallocation of requirements, acquisition of additional data, and possible modification of the
design. Similarly, if the system is not optimum
in its present configuration, reallocation of
requirements and system redesign can be undertaken.
An optimum system design is the basis for finding
that basalt may provide a candidate repository
medium.
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SALT REPOSITORY DESIGN APPROACH
S. C. Katthews
Battelle Memorial Institute
Office of Nuclear Waste Isolation
Columbus, Ohio
INTRODUCTION

•

As part of its responsibilities to the U.S.
DOE in the NWTS Program, tlia Office of Nuclear
Waste Isolation (ONWI) is charged with the
development end implementation of technology,
criteria, and data for use in the design of
repository facilities in salt. The fundamental
problem in design of any such, repository is
- simply put - to engineer a structurally
and fsydrologically stable excavation in a
non-uniform material, with additional inputs
of heat and radiation. Compounding the problem
are two constraints: a) a relatively benign
environment must be provided that does not
adversely affect the function of a sophisticated
waste package; and b) the facilities that
perform these functions must do so with minimal
environmental impacts.

The design must present a comprehensive
treatment of the total system, with
all appropriate cause-and-effect relationships
identified and dealt with. For instance,
limiting values of stress in the underground
excavations will in some cases influence
the spacing, allowable heat content,
and physical configuration of waste
packages. Surface based environmental
and logistical constraints related
to storage and disposal of surplus
salt can force changes in mining patterns
and therefore stress levels in the
rock. The design must acknowledge
even the most subtle of interactions.

• The design must provide reasonable
assurance of compliance with established
NRC performance objectives and witTT
other, possibly more detailed, applicable
regulations^ In addition to established
performance objectives for the containment
and isolation of radionuclides, additional
standards for the preservation of
occupational safety, mining safety,'
and environmental protection must
be satisfactorily addressed.

This paper presents a summary discussion of
the approaches that have been and will be
taken in design of repository facilities for
use with disposal of radioactive wastes in
salt formations. Since specific sites have
yet to be identified, the discussion is at
a general level, supplemented with illustrative
examples where appropriate.
OBJECTIVES FOR DESIGN
The successful design process for salt repositories
must allow a comprehensive treatment of the
total engineered, man-made, system to ensure
that several objectives are achieved:
• The design must be consistent with and
complimentary to the conditions of the
natural geologic setting. For example,
geochemical characteristics of the natural
^ setting will influence the design of waste
' packages and, therefore, the facilities
for handling and empiacing them.
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• The design must contain margins of
conservatism commensurate with levels
of uncertainty. The design process
should first of all insure that
proper
consideration and respect iss given
to established and working technology
and good engineering practice, so
that the developmental nature of the
design can be confined to only those
areas where technology is truly undemonstrated.
While good engineering judgment and
sound practices provide inherent margins
of safety, additional conservatisms
should be provided in developmental
portions of the design where uncertainties
may be higher.

? The design must Ite sufficiently transparent
to allow independent scrutiny. The design
process should be readily traceable, the
logic and thought processes should be
understandable, and the conclusions derived
should be reproducible by independent agencies
and bodies such as regulators, affected
states, and the technical community. In
this regard it should be noted that
this independent scrutiny is not sought
for the purpose of achieving unanimity
on the specific approaches taken,
but for the purpose of endorsing the
approaches taken as being adequate
to show compliance with performance
objectives.
These objectives are best met in an orderly
and extensive design process that allows
adequate time and resources to be applied
to the integrating of the various components
of the repository. The interconnectedness
of these facilities is heavily influenced
by the geologic media considered, i.e.,
the host rock, and to a secondary degree
influenced by the other attributes of
the geologic setting.

•

Inadvertent entry into subnormal or anomalous
areas of the host rock

•

Inadvertent egress from host rock

•

Increased probability of accidental releases
during operational phase

• Expanding data base, where appropriate
(design interface with geologic characterization, field testing, sealing, and
performance assessment programs)
• Developing criteria governing disposal
system concept (design interface with
licensing program)
• Developing analytical tools for assessing
disposal system viability (design interface
with performance assessment program)

Despite this experience, however, inadequate
attention to the design and configuration
of the underground facilities could still
lead to conditions unsuitable for the
containment and isolation of radioactive
wastes. For example, layout and configuration
or emplacement methods could conceivably
lead to loss of isolation or containment
if any one of them causes:

Excessive mechanically-induced stresses

• Unacceptable alteration of near-field
hydrology

• Gathering the existing data base (design
interface with geologic characterization
program)

One of the clear and distinguishable
attributes of salt for radioactive waste
disposal is the experience gained from
literally centuries of mining in this
type of rock. Only in the last century
or so since the advent of mechanical
refrigeration has salt lost its value
as a trading commodity of great price.
Thus, despite occasional arguments developing
to the contrary, substantial evidence
exists that it is indeed possible to
design, construct, and maintain stable
openings for extended time periods in
salt.

•

• Adverse perturbations on repository seals

To avoid these potential hazards, design
must proceed in a cautious and conservative
process. The logic of this processU) is
presented in Fig. 1. The process shown
requires several interactions between the
engineering and scientific components within
the program. The basic components of this
process are:

APPROACH TO SUBSURFACE FACILITIES

Excessive thermally-induced stresses

t Unacceptable alterations in strata near
host rock unit

• Deterioration of waste package components

It is appropriate to discuss the approaches
that will be used to achieve these objectives
in the context of the three major physical
subsystems of the repository - subsurface
facilities, shafts and penetration, and
surface facilities.

•

• Unacceptable alterations in host rock
geochemistry or structure

•

Verifying that analytical tools represent
reality by comparisons with data base
(design interface with field testing
and performance assessment programs)

•

Exercising analytical tools to establish
design options (design interface with
repository design, field testing, and
performance assessment programs)

t Quantifying criteria through the development
of performance constraints (design interface
with geologic characterization, field
testing, repository design, sealing,
and performance assessment programs)
• Analyzing design options to establish
compliance with performance constraints
(design interface with repository design
and geologic characterization programs)
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It should be clear that the design
process demands a strong interactive
relationship with the performance assessment
team. By the time the final design
is established, it must be demonstrated
that it meets all the performance constraints
and all the criteria which govern the
waste isolation system.

• Analyzing performance of preferred design
option to ensure compliance with NRC
and EPA regulations (design interface
with performance assessment and
licensing programs)
• Developing design specifications
for promulgation to design contractor
(design interface with geologic
characterization, repository design,
sealing, and performance assessment
programr)

This approach to the design of underground
facilities is essentially invariant
with respect to the geologic formations.
Indeed, this approach can be applied
to any of the sites in the salt program
using standardized methods, i.e.,.the
steps taken will be the same in the
Paradox Basin as in the Gulf Coast
Salt Domes.

0 Developing final design.
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Virtually all geotechnical design and
construction problems on all major underground
projects focus upon the control of water
as the principal non-trivial problem.
The construction of repository penetrations
is no exception to this rule. In addition,
the final sealing of a repository in
salt depends principally upon the control
of water, to prevent dissolution of
the salt surrounding the wastes, as
to prevent radionuclide transport in
solution.

The engineering characteristics of the
various locations under consideration
influence the underground design activities
by providing details of specific relationships.
For example, while a single form of
the creep law for salt may exist, the
specific exponents and constants in
its numerical expression may change
form location to location. Further,
these sorts of differences generally
will not result in major differences
in underground design. The overall
layout for a repository in the Paradox
Basin will not look remarkably different
from a layout for a repository in the
Permian Basin, despite the fact that
the creep behavior of the two host rocks
are substantially different. The similarity
of result should be no surprise, as
the mining experience referred to earlier
has led to the development of tried-and-true
practices that are applicable to any
rock.

After the basic considerations of the
static loads to be resisted by shaft
supports are completed, the designer
must address the more variable behavior
of water. During shaft construction
using drill-and-blast techniques, water
inflows to areas being actively developed
by workers is usually staved off by
such measures as freezing, grouting,
and pumping in the zone surrounding
the excavation. During use of large-hole
drilling techniques, personnel are not
in the direct path of inflows, but water
inflows which can entrain hole collapses
must be prevented. This is done by
use of a drilling fluid which fills
the excavation, and carries cuttings
to the surface, and by installation
of liners at intermediate depths as
the hole advances. The issue of personnel
safety returns, howeverv as soon as
the hole is dewatered, and excavation
of the subsurface begins. The intermediate
liners, injected annular grout and sealing
material, and manually-placed liner-bottom
seals prevent water inflows which would
otherwise flood the excavation.

APPROACH TO SHAFTS AND BOREHOLE PENETRATIONS
Another attribute of a geologic salt
media and strati graphic setting for
radioactive waste disposal is the long
record of successful shaft development
projects to support underground salt
mining operations. Nearly fifty shafts
have been designed, constructed, and
operated over the last eighty years
in the United States' evaporite mining
industry alone(2).
This generally successful experience
should not mislead one into the perception
that there have been no serious shaft
system problems. Most salt mining production
histories show the effects of extended
shaft maintenance work to remedy problems
caused by oversights during construction
management of quality control. Unsuitable
conditions have ranged from minor leaks
to complete liner collapse.

Sealing design for repository decommissioning
must focus upon the problem of rendering
repository-access penetrations at least
as unlikely to carry water as the surrounding
strata which have not been penetrated.
This sealing problem consists of three
potential flow zones: inside the shaft
liner, between the liner and rock wall
(annular flow), and in the disturbed
rock adjacent to the shaft. The reduction
of flow potential inside of the shaft
liner diameter is the most straight
forward part of the problem, as the
controlled placement of fill materials
is likely to result in a zone which
has lower, more verifiable flow potential
than virgin rock. The verifiable prevention
of annular flow is a more complex- problem,
so the annul us is completely removed
in final repository sealing, by removal
of the original liner. Thus, to this
point, neither conventional nor drilled
technology provides a "better" final
seal. The final sealing problem of
greatest complexity is that having to
do with the potential for an excavation
to increase rock permeability beyond
the excavation itself, by permitting

Such review of these case histories
and current evaporite mine shaft design
practice, as well as program guidelines
lead to a few geotechnical issues to
be addressed in a repository shaft design
approach. Since the primary function
for repository shafts is to provide
a controlled penetration of the geologic
setting and host rock for repository
access, the design approach focuses
primarily upon the location and characteristics
of water-bearing zones in the stratigraphic
section. In these sections, stoppage
of water inflow is of paramount concern
during the operational phase of the
repository, for it can be generally
noted that even small inflows eventually
can become large inflows, and that large
Inflows represent catastrophic consequences
to a salt repository.
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stress relaxation which could enlarge
previously-tight rock defects. In theory,
the drilled technique of shaft construction
could reduce the potential for such
stress relief by maintaining constant
fluid or liner pressure at all times
during shaft construction and operation,
a benefit not possessed by the conventional
method of shaft sinking. In actual
attempts to verify the degree of permeability
increase due to stress relaxation, however,
it is that neither method of construction
can be shown to provide a "better"
condition for the prevention of flow
outside the shaft. This is due to the
inherent variability of the natural
rock, and the impossibility of obtaining
direct measurements of permeability
change with sufficient precision to
support a statistically significant
conclusion.

APPROACH TO SURFACE FACILITIES
Although conventional wisdom would tell
us that the bulk of the design Issues
for a repository in salt are associated
with the performance of excavation 1n
the subsurface, any discussion of repositories
must also acknowledge that significant
design issues can and do exist, and
must be dealt with, in regard to surface
structures systems and components.
Just as site qualification criteria^5'
acknowledge the need for both geological
and environmental considerations in
site selection, so too repository' design
must consider both types of issues.
Within the ONWI program, the environmental
settings for repository facilities vary
widely, posing such differences that
it is possible to say that the design
basis for surface facilities changes
substantially from Utah to Texas to
the Gulf Coast.

Thus, in order to prevent a short-term
shaft failure due to ground water inflow,
shafts in salt repositories are designed
with multiple casings and operational
seals. The primary function of these
casings and seals is to prevent shaft
failure caused by water flow between
the liner and the shaft wall. Seal
material and method of placement of
these seals (both remote and by hand)
ar> selected based on 20 years of demonstrated
industry experience and capability of
these sealing materials to prevent ground
water inflow. In addition, provisions
are made for remedial repair of faulty
seals.

For example, evaporation exceeds precipitation
locally in the Permian and Paradox locations,
thus driving plant design to consider
that all surface precipitation would
be collected and utilized in a site
water balance. By contrast, 1n the
Gulf Coast precipitation greatly exceeds
evaporation. Thus, any facility design
must consider that excess precipitation
must, after inspection, be discharged
into existing water courses. As another
example, release standards for normal
industrial non-radioactive emissions
may be substantially tighter in the
Paradox location due to proximity to
Canyonlands Park. Labor forces may
be substantially different from site
to site in such a way as to influence
the design of surface facilities. Disposal
of surplus salt may be accomplished
by completely different means at any
of the locations. Road and rail access
considerations differ markedly.

The use of a particular shaft construction
method, and its effect on the future
installation of the long-term decommissioning
seals have been addressed in various
documents'2,3), j^e primary function
of the shaft decommissioning seals is
to prevent the flow of water from overlying
aquifers into the repository. These
seals will be placed in the repository
shafts regardless of the method of construction
of the original shaft, since decommissioning
will require that critical sections
of the shaft liner be removed. The
decommissioning shaft seal designs incorporate
manually constructed bulkheads that
are "keyed" into over-excavated sections
of the shaft wall. Over-excavation
of the shaft wall will mitigate the
effects of rock damage caused by liner
removal and the physical degradation
caused by the stress
relief over the
operational
l4)

These examples point to the requirement
to tailor the design of surface facilities
to the environment in which it will
be placed. While rcany of the small
support facilities on-site may be considered
to be amenable to a standardized design,
the major complexes for receiving and
handling waste are not able to be approached
in this fashion even on a media-specific,
i.e., salt-specific basis.
Repository facility impacts on the surrounding
area - social, economical, environmental
- are the subjects of frequent and extended
discussions with affected parties inside
and outside the program. These impacts
are largely driven by surface facility
characteristics. While those facility
impacts are largely non-radiological,
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they nonetheless receive the most scrutiny.
Indeed, it can be contended with some
basis that these social, economic, and
environmental Impacts require more attention
and discussion now, with a larger audience,
than the long-term radiological consequences.
Thus, even though the site-specific
nature of the facilities would argue
for some deferral until site recommendation,
in fact, intelligent dialogue with regulators,
affected States, and the technical community
- those from which Independent scrutiny
is required as one of the objectives
stated above - necessitates an improved
level of understanding of surface facilities
and their impacts as part of the ongoing
interaction. Thus, our approach must
strike a balance, for multiple locations,
between generic standardized facility
description that in large part are inaccurate
portrayals of actual site conditions,
and detailed site-specific designs conducted
for multiple sites some of which may
not be recommended for detailed characterization.

SUMMARY
Repositories are not simple facilities.
However, repositories are readily-understandable
facilities, and a design approach can
and has bean developed for them as they
would be Implemented in salt formations.
While many elements of the design are
common to all salt formations, many
other elements, including major surface
facilities, may not be standardized.
Indeed, the commonality of structures
and systems from site to site may be
greater underground than on the surface.
Conceptual designs will not appear overnight,
despite a significant body of prior
work. Indeed, current schedules indicate
that the critical timing of design activities
is tied to supporting the commencement
of construction of the exploratory shaft,
as stipulated in the Nuclear Waste Policy
Act. This schedule allows for site
identification approxiamtely underway
through the design period, 1n the Spring
of 1985. This appears to be readily
accommodated by normal design processes,
given that some work must Initially
proceed to Identify design Issues at
each and every candidate site. With
the engagement of architect-engineering
firms in recent months conceptual design
processes can begin in earnest.
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NNWSI REPOSITORY DESIGN APPROACH*
Leo W. Scully
Thomas 0. Hunter
Sandia National Laboratories**
Albuquerque, New Mexico '
ABSTRACT
A design Is baing developed for a nuclear wast*
repository at th* Yucca Mountain lit* in Nevada.
This design can be used to support th* recommendation of that sit* for characterization if so
designated by th* Department of Energy. In th*
•vent that the Yucca Mountain site is chosen for
development as the first repository, th* conceptual design and subsequent preliminary engineering
designs could be used to develop design specifications for repository construction. Th* design
addresses the unique surface and subsurface
characteristics of the volcanic tuffs at Yucca
Mountain. A candidate horizon has been identified
approximately 300 meters below the surface and
about 100 meters above th* water table. The
concepts for th* underground configuration have
been developed to use underground regions which
are defined by natural structural boundaries at
the site. Thermal loadings within these regions
have been selected (in th* rang* of 12-1S w/m 2 )
to satisfy performance constraints imposed to
assure that th* Isolation provided by the sit* Is
not significantly degraded. Studies are in
progress to determine the preferred surface and
underground configuration. Alternate wast*
emplacement concepts (horizontal or vertical) are
being developed to optimize the ability to meet
operational constraints, retrievability requirements, and cost objectives.

DESIGN PROCESS
The design of a nuclear wast* repository will
combine engineering concepts, components, and
systems to achieve a set of functional and performance requirements. The design starts with a set
of design bases, incorporates the imposed design
criteria and satisfies th* commensurate physical
and performance constraints. The design process
must achieve a satisfactory design through a
combination of value judgments, engineering
trade-off decisions, mathematical analyses and
concept testing to achieve a satisfactory configuration.

*This work was supported by the U.S. Department
of Energy (DOE) under Concract DE-AC04-DP00789.
**A U. S. DOE facility.

The design of a repository will be based on
pertinent aspects of a number of studies and
design activities performed in the National Waste
Terminal Storage (HWTS) program and related programs [1, 2). The NNWSI project has recently
completed the development of preliminary concepts
for the Yucca Mountain site at th* Nevada Test
Sit* in Southern Nevada. Conceptual design is
currently being performed to establish preferred
surface and subsurface configurations that serve
as reference eases for further aore detailed
designs, additional site characterization, and
system performance assessments. This conceptual
design can be used to support a recommendation for
characterization if the NNWSI project is identified among the three required by the Nuclear
Waste Policy Act for consideration for the first
repository. This conceptual design will be
followed by preliminary engineering design (Title
I) and, if the Yucca Mountain sit* is selected for
development as a repository, by detailed design
(Title II) to develop construction plans and
specifications.
DESIGN BASIS
The foundation of an engineering design is the
design basis from which the entire design is
developed.
The design basis for the NNWSI repository consists
of two elements, the waste and the site. The
types, quantities, and receipt rates of waste are
specified in part by the Nuclear Waste Policy Act
(NWPA) and further defined by the Department of
Energy in its guidance to the NWTS program.
The NWPA specifies that the first repository
accommodate commercially generated high-level
radioactive waste in the form of spent fuel or
reprocessing wastes in a quantity derived from up
to 70.000 metric tons of heavy metal initially
loaded in commercial power reactors (MTIHM).
The current design assumption is that the wast*
will be divided evenly between spent fuel and
high-level waste from reprocessing. It is further
assumed that the waste will be 10 year out of
reactor when received at the repository. Solidified high-level waste from defense activities may
also be emplaced at the repository if so designated by the President In accordance with the NWPA.
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"he characteristics of the watt* arc determined
from analyse* and measurements that take into
account vast* history, treatment or processing,
•nd packaging (3], Wast* packas* design for to*
NNWSI project is being performed by Lawrence
Livarmor* National Laboratory (LLNL), and tha
preliminary reference package designs used In th*
conceptual design of th* repository will be
provided by LLNL. In general, the radioactivity
content and thermal power of the waste is on the
order of 400,000 curies and 1 kilowatt per HTIHH,
respectively.
The second clement of the d«sign basis consists of
the characteristics of tha Yucca Mountain area as
th* candidate selected sit*. The emplacement
horizon currently under investigation (the Topopah
Spring Member> Is in the unsaturated cone (above
the water table) at a depth of approximately 300
inters. General site characteristics have been
determined from exploratory <i<-'Z-.,r and geophysical measurements conducts. 1 at *nd near Yucca
Mountain and laboratory ma«£ur«i.«.<.c* of matcilal
properties using core samples. Further characterization of the underground will be derived from
an exploratory shaft into the Xopopah Spring
M*mb*r, if th* sit* is designated for characterization. The nit* data needed for repository
design are bating compiled in a data base and in a
three-dimensional computer graphics modal of Yucca
Mountain. Figure 1 shows an *ast-wast cross
section through the Yucca Mountain site.

CH CRITERIA AMD CONSTRAINTS
Th* repository will be designed in accordance with
a set of design guidelines which incorporate the
requirements of the Nuclear Regulatory Commission,
th* Environmental Protection Agency, and the
Department of Energy. In general, the repository
system will b* designed to meet th* standards for
radionuclid* Isolation specified by the EPA (40
CFR 191), licensed in accordance with regulations
of the 11RC (e.g., 10 CFR 60, 10 CFR 20), and
according to guidance and procedures developed by
the DOE (e.g., guidelines contained in 10 CFR 960
and criteria in the NWTS-33 series).
In addition to these broad criteria, the repository will be designed in accordance with certain
performance constraints and operational requirements. These constraints are site specific and
are intended to assure that the repository impact
on the host site will be within acceptable
limits. Even though they are currently being
developed for the NNWSI project, performance
constraints will define conditions for design
features in the near field (the underground
facility and adjacent host rock) and th* far field
(the overlying and nearby rock mass). Constraints
for th* near field are specified primarily for the
operational period and address operational
serviceability and safety. Constraints for the
far field primarily address minimizing any impact
on t.h* containment and isolation provided by the
waste package and the site. They Include limiting
rock temperature (less than 200°C to preclude
mineral dehydration or alteration), stresses (to
preclude significant modification of the hydrologic system as in establishing or greatly opening
fracture systems), and deformations (limiting
surface uplift or subsidence to levels below
reasonable natural analogs).
DESIGN APPROACH

i'

'' " , *

The approach used for the design has been to
integrate the design bases, criteria and constraints, and determine the impact on the design.
The following list of site characteristics have
contributed to the development of current design
concepts:
a.
b.
c.

Fig. 1
Cross Section of Yucca Mountain

d.
e.

Topography
Soil characteristics
Surface and non-surface water runoff
patterns
Meteorological conditions
Natural and weapon testing seismic
motion characteristics

Subsurface
a.
In situ stress
b.
In situ temperature
c.
Water content of the formation
d.
Thermal and mechanical rock properties
e.
Geologic structure surrounding the
repository Including dip of the beds
and fracture and fault characteristics
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At the Yucca Mountain lit*, the topography is
rugged but do** allow ramp access to the underground thut providing additional design flexibility. The coil characteristics ar* suitable for
foundation support of th* surfaca structures.
Wat*r runoff 1* infrequent du* to the dry climate
and in wall defined washes from which the water
can be diverted where necessary. The site meteorology poses no significant design problems due to
winds or rain, the natural and weapon testing
seismic motion has been studied extensively at the
Nevada Test Site and can be accommodated by conventional1 design for engineered structures. The
dip of the candidate formation makes a perfectly
horizontal emplacement horizon unlikely but has a
sufficiently gentle slope that can be accommodated
in design.' The in-situ stress ratio (horizontal
to vertical) is considered to be between 1 and .5
and will not endanger drift stability.
The dominant fracture pattern is oriented roughly
north 15° east and north 75° west, with
fractures estimated to be about one per meter.
The candidate emplacement horizon is above the
water table, which provides some advantages in
ease of construction, waste package integrity and
radionucllde transport. Typical thermal and
structural rock properties for the Topopah Spring
tuff at Yucca Mountain are given in Table 1. These
properties were used to develop preliminary design
concepts that appear to allow stable underground
rooms, adequately dissipate the heat from the
waste, and not degrade the isolation characteristics of the site. The in-situ temperature at
the repository level is 24°C, a satisfactory
working temperature.

thermal-stress induced by the temperature field if
then established by applying an appropriate «K>d*l
<1, 2 or 3 dimensional) of th* underground configuration together with a structural cod* (e.g., a
finite element code with a commensurate Material
model: elastic, elastic-plattic, ubiquitous
joints, etc.). Th* design-analyst Must than
Interpret the results of both empirical Methods
and finite element methods and make a judgment on
overall repository stability.
To optimize the design for storage efficiency, th*
designer will adjust the configuration to naxinic*
the waste quantity disposed of per unit arua.
This maximum must be consistent with watte package
constraints, rock temperature constraints (where
potentially deleterious mineral alternation
begins) and mined opening stability criteria.

The results of the iteration of th* near field
analysis and design are an acceptable configuration of access drifts and emplacement holes and an
acceptable amount of waste which can be emplaced
per unit area. The waste loading per unit area is
dependant on waste type and characteristic.
Table 2 categorizes the impacts 'with respect to
the region of influence, either near field or far
field. Near field is defined to be th* rock
immediately surrounding the mined openings out to
a distance of approximately IS m. The far field
impacted by the underground facility than extends
outward a distance approximately equal to the
depth of the repository.

Table 1
Average Thermal and Mechanical
Properties of Welded Tuff

Specific Heat (cal/gm°C>
Thermal Conductivity (W/M°C)
Coefficient of linear
expansion (1O"6 0C~1)
Young's Modulus (GPa)
Poissons Ratio
compressive strength (MPa)
Matrix tensile strength
(MPa)

.26+ 0.04
1.7 + 0 . 4
15.5+ 3.8
(to 400°C)
26.7 + 7 . 7
.14 + 0.05
95.9 + 35.0
12.8 + 3.5

In accordance with the design basis, criteria and
constraints, potential Impacts of the repository
on the host rock must be Identified and
mitigated.

In developing the underground configuration to
accommodate the heat produced by the waste, the
temperature field is determined by using the
appropriate waste heat generating parameters
(i.e., canister loading, spacing, size, rock
properties and repository layout.) The

Table 2
Repository Impact on the Host Rock

Item

Near Field

Mining Induced
Stress Redistribution
Rock Temperature Change
Thermal Induced Stress
Thermal Induced Uplift
Alteration of Site
Hydrology
- Repository above
water table
- Repository below
water table
Radiation induced rock
property change
Thermal induced mineral
alteration
Rock-GroundwaterWaste Interaction

b>
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Yes
Yes
Yes
N.A.b>

Par Field

No
Yes*>
Yes»>
Yes*>

Slight

Slight

Yes

Yes

No

No

Potential
Yes

No
No

Depending on the distance into the far
field, the effect may occur after hundreds
or thousands of years.
Not applicable.

Near field effects are of major concern during the
operating period of the repository. The
deilgner't concern is to produce an acceptable
working environment while maintaining long term
aite integrity.
The atabillty of the openings which are mined for
access and drilled for waste emplacement is a
major concern. Operational safety, long term
waste retrieval and long term subsidence control
and Integrity all depend upon sound openings with
good ground control. Data on in situ stress and
stress redistribution due to mining can be
analyzed by proven empirical methods which have
been calibrated by years of mining experience.
The repository designer will adjust the room
height, width, shape and ground support to achieve
appropriate safety factors around the openings and
to reduce the stress concentrations around the
room perimeter. In addition, the designer will
adjust the overall layout to optimize the pillar
faetor-of-safety, operations and rock stresses
around the intersections of the underground
openings.[4] This analysis will be carried out,
Jo tome degree, for all conventional mines and
underground openings.

Fig. 2
Artist's Perspective of Repository Surface Facilities

Far field effects are of concern more during the
containment and isolation period than the
operating period. Temperatures are lower than in
the near field, however, the earth surface
temperature can be limited to less than 6-10°C
to preclude environmental impact. Temperature
induced stresses will also be lower than in the
near field. The surface uplift can be used as a
measure of deformation and its effect on existing
fractures or the forming of new fractures.
Existing finite element models can predict stress
fields which imply whether existing joints will
open or new fractures will form.
DESIGN CONCEPTS
The design concept which appears most promising to
take best advantage of the site, material
properties, requirements and constraints is shown
in Figures 2 and 3. Figure ?. shows how the
surface facilities can be located on the alluvial
terrain east of Yucca Mountain and how a decline
ramp can be used for access to the storage
horizon. A decline ramp would not be economical
•t all cites; however, the topography of Yucca
Mountain is well suited for ramp access from the
•ast. The ramp offers many operational advantages
over shaft access, ease of equipment movement;
ease of waste transport and simplification of
waste handling operations, are major considerations.

PRELIMINARY UNDERGROUND LAYOUT

Fig. 3
Storage Area Plan
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Flgur* 3 ihowi th* repository storage area in plan
vi«w. Thit configuration ii for emplacement of
th* watt* in vertical holet In th* floor which if
th* r*f*r*nc* configuration. A configuration
which it under tarlout ttudy it emplacement In
long horizontal hold, 30 to 40 canltt*rt p*r
hoi*. Thit configuration it thown in Fig. *. Th*
horizontal emplacement off*rt th* potential reduction of Mining and drilling cottt and simpler
ventilation, retrieval operation* and backfilling
and sealing operation*. Prototype equipment
development for hole drilling, watte emplacement
and retrieval must be accomplithed and demonttrated befor* horizontal emplacement can be conildered the primary emplacement configuration.

Similar analysis of th* local and regional Impacts
of heat from th* watt* Indicate that an areal
power dentity of 12-15 w/m 2 for 10 year old
tpent fuel can be accommodated. Higher load may
be potaible and studies are in progress.
CONCLUSION
The design and analysis to date all Indicate that
th* potential repository site at Yucca Mountain
can accommodate a surface and underground facility
which can allow the disposal of the required
70,000 MTIHM capacity of tpent fuel and high level
watte. Further tite and detign studies will allow
the development of a conceptual design and better
definition of the isolation characteristics of th*
sit*. The coupling of design with this tit*
specific information will allow refinement of th*
design to minimize any degradation of the capability to effectively prevent unacceptable release
of radioactivity.
REFERENCES

Fig. 4
Horizontal Emplacement

Table 3 gives a relative comparison of mining
statistics for the two emplacement methods.
Horizontal emplacement requires less than 10% of
the access drifts necessary for vertical emplacement and only 20% of total mining. The greater
quantity of mining and drilling.required for the
vertical emplacement method is reflected in
increased cost.
Table 3

Mining Emplacement
Drift
Drilling
Roct Remove* '

Horiz.
Emplacement

Vert.
Emplacement

23.S Km
193 Km
" 1,994',000m3

307 Km
306Km
10,350,000m3

The thermal-structural analysis on the size and
shape of the storage and access drifts builds
confidence that stable openings are readily
achievable. Some stress redistribution is
expected around the openings but stability is
unlikely to be impacted. Analysis of both flat
top drifts as well as arched top drifts have been
accomplished with acceptable resultt.
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CRYSTALLINE ROCK REPOSITORY
DESIGN APPROACH
R. A. Robinson
Battelle
Office of Crystalline Repository Development
Columbus, Ohio
INTRODUCTION

(3) Conduct engineering studies to examine
potential options for waste emplacement
in the host rock

Several regions of exposed crystalline rocks in
the U.S. have been identified (Smedes, et. al, 1983)
as suitable for further repository site screening
studies. Figure 1 shows the large extent of crystalline rocks that occur in the north central,
north eastern and south eastern regions of the U.S.
that are to be screened. Available information on
several environmental/socioeconomic, geologic, and
engineering factors will be used in the screening
process to recommend candidate areas for limited
field characterization. The area characterization
phase will then lead to the nomination of up to
three crystalline sites for consideration 1n development of a second repository for high-level
wastes.
The U.S. Department of Energy will soon be Issuing
siting guidelines that establish the framework for
the site selection process. These guidelines will
define site disqualification factors and identify
other environmental/socioeconomic, geologic, and
engineering factors that represent potentially adverse conditions for siting. Bauer and Ratigan
(1983) have reported on engineering analyses that
were recently completed to provide a basis for
rock properties input to the site screening process.
Crystalline rock properties variations were identified and results describing the impact of the
variations on repository design were obtained.
Analyses were also completed to assess the possible
advantage associated with the fact that many crystalline rock bodies are very large and extend 10's
of kilometers in all directions. Thus, unlike the
sites under consideration for the first repository,
waste emplacement options in the crystalline host
rocks are possible for either large horizontal or
vertical emplacement.

(4) Develop a conceptual design and sitespecific engineering inputs required for
site screening, environmental/socioeconomic assessments, and site characterization
(5) Develop a preliminary design as input to
the Environmental Impact Statement and
Presidential recommendation of a second
repository site, and
(6) Develop a final design as input to the
Safety Analysis and Environmental Reports
for licensing and to proceed with construction, operation, and eventual decommissioning of the site.
Components
As discussed by Robinson and Eschen (1982) in last
year's annual proceedings, the nine principal components involved in design of a repository are:
• Waste Form and Packaging
• Waste Packaging and Handling System
•

Underground Facilities

• Shafts, Headframes, and Hoists
•

Sealing and Backfilling Systems

•

Excavated Rock Storage and Disposal

• Ventilation Facilities
DESIGN APPROACH
• Monitoring Systems
The design approach being used for the development
of a crystalline rock repository involves the following sequence of steps:

• General Service Systems.
Performance Constraints

(1) Identify all components and develop
functional design criteria
(2) Define the overall system performance
constraints

The performance of a geologic repository system is
usually evaluated for three distinct time periods —
namely, the operational, containment, and isolation
periods. The repository system constraints will
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Northeastern
Region

Southeastern
Region

Fig. 1. Exposed Crystalline Rock in the North Central,
Northeastern, and Southeastern Regions of the
United States

vary during these time periods depending on the
key safety related problems. Thus, during the 65year operational time period (i.e., about 50 years
for safe waste demonstration, 10 years for backfilling and 5 years for decommissioning) worker
safety and short-term containment of the waste
are the primary concerns. The containment period
is defined by NRC regulations (1983) to last for
up to 300 to 1000 years depending on the radioactive inventory and thermal conditions resulting
from fission product decay. During this time
period the primary goal is to completely contain
the heated waste within its waste form and
packaging. The isolation time period is for a
minimum of 10,000 years and is concerned with the
natural site containing the long-lived actinides
and their daughter decay products.
Recently a group of engineers and scientists who
are familiar with the design and performance
evaluation of crystalline >ock repositories was
convened to establish interim guidelines for
performance constraints on nuclear waste disposal
in crystalline rock. Both qualitative and quantitative constraints were developed for the verynear field (V), near-field (N), and far-field (F),
regions of the repository design. Tables 1 and 2
show the constraints currently under consideration.

Engineering Studies
Several engineering analyses have been completed to
evaluate the temperature distribution and induced
thermomechanical stresses for vertical and horizontal waste emplacement geometries. Since initial
rock conditions and physical properties are required as input to the design analyses, a literature search was completed to identify the range of
conditions and rock properties expected for various
crystalline rocks. Table 3 lists the expected
variation of properties and conditions.
The range of design parameters that were investigated in these studies is shown in Table 4.
CONCLUSIONS
The engineering analyses have shown that the only
rock property with an uncertainty range that constrains performance and impacts design of a crystalline rock repository is the thermal conductivity
of the rock. These studies show that the performance constraints in the very-near and near-field
regions of the crystalline rock can be satisfied,
however, through proper selection of available design parameters. The analyses also showed that
maximum allowable overpack temperature appears to
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TABLE 1
Qualitative Performance Constraints for a Repository in Crystalline Rock

Time Period (Yrs)
Region

Response

Operational

Containment
Isolation

TIT

10,000

Waste Package Integrity
Waste Form Temperature - SF
Waste Form Temperature - HLW
Overpack Temperature
Backfill Temperature
Rock and Borehole Stability

No Significant Mechanifcal Failure
No Constraint—
Limit Fuel Pellet Oxidation
No Significant Cladding Stress Rupture
Limit Leaching
No Significant Devitrification
No Constraint
Corrosion Not to Exceed Thickness
Reduce Inflow and Retard Radionuclide Transport
--No Significant
Minimize Ground-water Flow --Minimize Waste Leaching—
Mechanical Failure

Room Support

Use of Demonstrated Tech. •
No ConstraintsReduce Inflow and Retard Radionuclide-Transport-

Near-F1e!d Backfill Temperature
Ventilation Requirements
A1r Environment Temperature
Drift Surface Temperature

I

Acceptable Working Cond.
Acceptable Working Cond.

No Constraints-.
No Constraints-'
I

-r

-Maintain Pre-Repository Isolation Barrier—
-Reduce Ground-water Flow and Retard Radionuclide Migration
Minimize Effects on Biological Species
Minimize Disturbances to Surface Structures

Unperturbed Rock Coyer
Shaft Seal Temperature
Near-Surface Temperature Rise
Surface Movement

I

TABLE 2
Quantitative Performance Constraints for a Repository in Crystalline Rock

Time Period (Yrs)
Region

Response

•

Operational
Conta inment
Isolation
( 5"

0

V

N

F

(a)

Waste Package Integrity
Waste Form Temperature
SF
HLW
Overpack Temperature
Backfill Temperature
Rock and Borehole Stability
Room Support
Backfill Temperature
Ventilation Requirements
A1r Temperature
Drift Surface Temperature
Unperturbed Rock Cover
Shaft Seal Temperature
Near-Surface Temperature
Rise
Surface Movement

(a)

(a)

380 C
450 C

380 C
450 C
(a)
(a)
TBD

Cl
TBD
TBD
NA

No Constraint
(a)

lo 10

)0,
No Constraint
100 C
150 C
NA
100 C
No Constraint
(a)

35-32 C
'49 C

NA
NA

NA
NA

300 m
NA
NA

300 m
(a)
TBD

300 m
TBD
TBD

NA

TBD

TBD

To be determined based on specified material properties.

401

TABLE 3
Variations in Properties and Initial Rock Conditions
Property/Condition

Range

I n i t i a l temperature, C
Minimum horizontal stress, HPa
Maximum horizontal stress, MPa
Geothermal gradient, K-km
Surface temperature, C
Surface thermal boundary condition
Thermal conductivity rock, W - n f V
Temperature coefficieit, W-m"1-**2
Specific heat-rock, J-kg^-K' 1
Temperature coefficient, J - k g ' V 2
Thermal conductivity-backfill W-m"V
Specific heat-backfill, J-kg~'-K"'
Linear expansion coefficient 11 ', K"'
Voung's modulus, GPa
Poisson's Ratio
a

7.5 - 18
.525 SH - .975 SHa'
.875 SH - 1.625 SH5'
9 - 25
9-25
Convective/constant
temperature
2.0 - 4.2
*0 - (-3.6(10-3))
635 - 1000
0-1.33
0.5 - 2.0
63b - 1000
3.2(10"8)T
.(10)
-9.0(10" 6 )
3,2(10"8)T
19 - 80
0.08 - 0.33

*SH = 9.86 + 0.0371 Z, Z < 900 m, SH •• 33.41 + 0.0110 Z, Z > 900 m.
'T = Temperature, C.

TABLE 4
Repository and Waste^Package Design Parameters

Design Parameter
Repository depth, m
Thermal loading, W-m"2
Repository width, m
Power/can., W SF
CHLU
Pitch, ro
Room spacing, m
Packages/hole
Spacing between packages, m
Room size, height, m
Width, m
Depth to 1st package, m
Time of package backfill, yr.

Applicable
Region

Vertical Borehole
Single Pkg.
Multiple Pkg.

F
F
F

300-500
20-40
1500-2250
1100-3300
1000-5000

V, N

V, N
V, N
V, N
V, N
N
N
N

3-6
15-30

1
5

5-10
1-10
0-25

'Dependent variable.
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300-500
20-40
1500-2250
1100-3300
1000-5000
30-60
See pitch
10-30
0-10

5
5-10
1-10
0-25

Horizontal Borehole
Multiple Pkg.
300-500
20-40
1500-2250
1100-3300
1000-5000
15-35

a)
10-30
0-10

3-5
6-5
1-10
0-25

be the controlling constraint in the very-near
field since it controls the corrosion rate and
containment lifetime of the waste package. Thus,
it will be important to evaluate the ground
water geochemistry during site screening as
needed input to the site-specific design and
evaluation of the waste package.
In evaluating the performance of the system in
the far-field region, it was determined that
ranges in rock properties and initial rock stress
conditions are important for the range of design
parameters examined. Thus, both rock thermal and
mechanical properties as well as initial in situ
stress conditions should be evaluated during the
site screening process.
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REPOSITORY CONSTRUCTION MANAGEMENT AND QUALITY ASSURANCE

By: F.C. Hood
Technical Assurance Manager
PARSONS-REDPATH
Columbus, Ohio

The U.S. Department o f Energy (DOE) has a program
to identify and develop potential repository sites
i n s a l t formations for storage of commercial
high-level nuclear waste. Parsons-Redpath, a Joint
Venture of the Ralph M. Parsons Company and the
3.S. Redpath Corporation, i s the Construction
Manager (CM) for the Exploratory Shaft F a c i l i t y
(ESF) in Salt Project.

INTRODUCTION
The philosophy of and principles involved in the
construction management (including quality assurance) of the ESF-Salt to ensure i t s successful
completion are d i r e c t l y applicable to the construction of a repository.

Some parts of the ESF-Salt may be subject to l i censing consideration by the NRC i f the ESF is
chosen as the repository s i t e .
Because of t h i s ,
and out of concern for public safety and protection of the environment, the materials used and
work accomplished at the ESF w i l l be controlled
consistent with "nuclear" requirements, i . e . ,
ANSI/ASME NQA-1 and related documents. Repository
construction w i l l be similarly controlled.

EXPLORATORY SHAFT FACILITY IN SALT PROJECT
An exploratory shaft w i l l be "blind-bored" ( i . e . ,
drilled)
to provide access to the reference horizon for i n - s i t u testing and site characterization.
The shaft w i l l be approximately 14 feet i n
d r i l l e d diameter to a depth of about 3,000 feet,
f u l l y lined with a 10-foot nominal inside diameter
steel casing, cement-sealed to prevent vertical
movement of aquifer water within the hole. The
shaft w i l l be f u l l y outfitted. The second phase
of the exploratory shaft involves the construction
of up to 1,800 feet of d r i f t s at the potential repository horizon for additional site characterization and engineering testing. Surface f a c i l i t i e s
required to support the exploratory shaft w i l l
consist of headframe and hoisting system, generator building and transformer yard, security systems, o f f i c e f a c i l i t i e s , roadways, "mud" p i t s ,
excavated salt storage areas, etc.

S t a t e - o f - t h e - a r t technology w i l l be used to fabricate the d r i l l i n g tools, the d r i l l r i g and support equipment for the ESF Project.
The basic
techniques for big-hole d r i l l i n g have been adapted
from petroleum industry practices. A great deal
of the refinement work has been done on the Nevada
Test Cite in conjunction with emplacement of nuclear devices for underground t e s t i n g .
Drilling
industry hardware and techniques have been t a i l o r ed and "scaled up" for big-hole a p p l i c a t i o n . The
d r i l l r i g w i l l be sized to handle loads of up to
2.5 million pounds and w i l l be geometrically capa"-le of handling casing joints which are 14 feet
in diameter and casing sections which exceed standard industry lengths. The d r i l l string w i l l i n corporate a s t a b i l i z e d d r i l l i n g assembly with
weights of around 750,000 pounds; using the "pendulum effect" to ensure hole v e r t i c a l i t y .
Convent i o n a l monitoring methods ( e . g . , inclination surveys, caliper logs, etc.) w i l l be adapted for use
on the Exploratory Shaft to verify operating parameters.

A l l strings of casing w i l l be .cemented in place
from bottom to top. Volumetric monitoring and cement bond logs w i l l be used to demonstrate the
competency of the "cement job". Water seals w i l l
be emplaced above the repository horizon to prevent water migration and to preclude formation
damage. Very acceptable d r i l l i n g results are expected at the ESF l o c a t i o n .
These proven
techniques and equipment can be used for repository construction, as required.

Quality Assurance (QA) encompasses a l l those planned and systematic actions necessary to provide
adequate confidence that a structure, system or
component w i l l perform satisfactorily i n service.
I t is inherent to a competent set of construction
management controls used to plan, coordinate and
track work tasks to completion. The CM's respons i b i l i t y for product quality begins with the response to the DOE's Request for Proposal and extends to delivery of an acceptable product to
them. All CM managers whose functions affect product quality must actively support the Quality
Program to assure f u l l compliance with project re-
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qui.rements. Management controls govern all of the
significant construction-related activities 3iich
as design reviews, procurement actions, design
control, fabrication process control, drilling and
mining, inspections and surveillances, qualification and acceptance testing, operations and maintenance, and verification measures.
A set of documented policies and procedures (see
Figure 1 for a representative document diagram)
describing the CM's functional management controls
form the basis for ensuring consistency of management and a planned, systematic approach to reach
Project goals through a coordinated expenditure of
available resources. An organization of managers
who are assigned functional responsibilities is
supervised by a Project Director to assure that
established management controls are effectively
administered. Management interfaces roust be well
defined to assure internal and external communications occur effectively. Tasks must be discretely identified, responsibilities assigned, and
progress tracked to provide management visibility
of performance and productivity. A systematic
tracking system, such as the Work Breakdown Structure (WBS) tree depicted in Figure 2, must tie established and used to provide that visibility for
effective management and quality overview.

Quality evaluation of the management control system is a three-step process. F.xistence verfication of the necessary documented management
controls is followed by an assessment of their
adequacy; system discipline is ensured by a program of continuing procedural compliance verification. Basic criteria with which to assess system
and performance adequacy are provided by ANSI/ASME
NQA-1. A formal, well documented inspection and
verification program (such as the one described in
Figure 3) must be developed and implemented at the
beginning of the Project to assure the adequacy of
product quality and to provide objective evidence
of that quality.

In addition to planning for IMRC licensing eventualities, consideration must be given to developing
Environmental Assessments and to obtaining the
necessary federal, state, and local permits and
licenses for constructing the ESF-Salt. Maintenance of these permits (e.g., Air Quality) will
continue for the life of the Project.

The licensing and permit requirements for the ESFSalt and for the eventual Repository are relatively complex and comprehensive. They certainly distinguish this construction project from most of
the other major construction projects in the
world. While requirements for construction of
nuclear power plants parallel those for a highlevel nuclear material repository, the unique
nature of a repository (i.e., very long-term storage) dictates an interpretative application of regulatory provisions to the entire research/
development, design, construction, testing and operations process. Many regulatory and enforcement agencies, state and local governments,
special interest groups, and concerned individuals
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have the opportunity (and obligation) to input to
and overview the exploratory shaft and repository
programs to ensure all viable concerns are adequately addressed. The Construction Manager must
institute a system of management controls that interact with those of the other Project participants (the DOE, Architect-Engineer, Project
Integrator, etc.) to anticipate and satisfy programmatic needs, and to effectively interface with
outside agencies and organizations. Implicit in
all construction management activities is the requirement for a practical and comprehensive records management system, with attendant quality
controls, to provide evidence of final product acceptability.

SUMMARY
An emphasis on preventive rather than reactive
management is key to an efficient construction
management operation. Development of contingency
plans to deal with unexpected adverse conditions,
e.g., brine pockets during mining operations, are
an integral part of the management program to ensure project safety, quality, cost, schedule and
environmental objectives are met. A viable QA
program with active management support will optimize management effectiveness in reaching project
goals. With adequate planning and perceptive application of the proper management controls,
Quality Assurance becomes an essential ingredient
for efficiently managing a job because it has been
built into the management system rather than being
an uninvolved peripheral entity.
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DEMONSTRATIONS OF SPENT FUEL STORAGE TECHNOLOGY
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Electric Power Research Institute
Palo Alto, CA

J. W. Moegling
Tennessee Valley Authority
Chattanooga, TN

INTRODUCTION AND BACKGROUND
It is a pleasure to be with you today to report on
the various spent fuel storage demonstration
programs that are now taking shape in this country. From the organizational affiliations of my
coauthors, you may correctly sense that the
efforts being expended to solve the nation's spent
fuel storage needs are taking the form of cooperative and integrated demonstration programs
involving the DOE and utilities. NRC has also
been a key player on the team performing many RSD
projects that have led up to this demonstration
phase.
To properly set the stage, I believe it is worthwhile to briefly review some of the background
that is the motivation for the recent flurry of
spent fuel storage activity. With the signing of
the Nuclear Waste Policy Act of 1982 (NWPA), the
responsibilities of the government and the utilities were clearly defined. Key elements of this
legislation that affect spent fuel storage
include:

D. F. Newman
Pacific Northwest Laboratories
Rich!and, WA

that pool storage will shoulder the majority of
the storage load, projections are that by the year
2000, some 10,000 to 15,000 tonnes of fuel will
likely require storage outside the existing
reactor pools. The goal of the spent fuel
research and demonstration program is to develop
technically sound and cost efficient alternatives
to accommodate this fuel.
CUXRENT UTILITY STRATEGIES
The first choice for utilities to meet their
expanding storage needs is to rerack their existing pools to the maximum extent possible. In some
situations, this opportunity is limited because of
structural or design limitations but in certain
facilities., storage has been increased by a factor
of about four over the initial pool capacity.
After exercising the reracking option, dry storage
appears to be emerging as the most likely choice
for expanding on-site storage capacity. Based on
current utility activity, metal casks seem to be
the front runner of the various dry storage
concepts.

o Utilities pay 1 mil/kWhr to waste fund to pay
for transport and disposal of spent fuel
o Utilities responsible for fuel storage until
1998
o Fuel transfer to DOE scheduled to begin in
1998
o DOE will provide up to 1900 tonnes of emergency storage at extra cost to utilities
o DOE to participate in 1 to 3 dry storage
demonstrations with utilities; DOE cost share
not to exceed 25'J
o DOE to participate in one rod consolidation
demonstration at a reactor pool

Utilities also are very interested in fuel consolidation as a technique to increase their storage
capacity. In this technology, fuel bundles are
disassembled and the rods arranged in a canister
in a high density geometry. This technique allows
two bundles worth of spent fuel to be stored in
the space normally occupied by one bundle. The
net storage gain, and thus the economics of rod
consolidation, is heavily influenced by what
strategy is used for the treatment and disposition
of the bundle scrap hardware. Rod consolidation
has the potential of being of major benefit both
in increasing pool storage capacity and to further
inprove the efficiency of the various dry storage
concepts.
The Federal Interim Storage (FIS) program man^ted
by the NWPA is viewed by utilities as the storage
option of last resort. This program is quite
limited in scope in that it is authorized to store
a maximum of 1900 tonnes of fuel and utilities
must commit to the program prior to 1990. Because
all costs connected with the FIS must be paid by
the utility users and the quantity of fuel being
stored is relatively small, the projected unit

While the good news for utilities is that the
government's responsibilities for disposal have
been made clear, the NWPA also clearly places the
financial and programmatic responsibil" j for
interim storage of spent fuel with th utilities. The expected scope of this storage requirement is shown in Fig. 1. While it can be seen

40V

Spent Fuel in Sierage (1O3 tcnnesi
70
Expected fuel
in repository

\J

60
>
SO _

/

Fuel m
/
pool storage " \ /

40 —

30 —

/
20 —

/

Expected fuel
« dry storage " \ y

10
0
19B2

1988

1990

1994

20

Fig. 1 Projected Fuel Storage Requirements

410

storage cost is very high (1). Additionally, NRC
must certify that prospective utility users meet a
stringent set of "need" criteria before being able
to participate 1n the FIS program. Considering
the above factors, It is expected that utility use
of the FIS will be very limited.

The next planned hot demonstration Is by TVA at
Its Browns Ferry station. This project Is
expected to be completed in 1984 and 1s planned to
consolidate 12 BUR bundles using equipment built
by Allied General Nuclear Services based on
Nuclear Assurance Corporation design concepts.
This program is being jointly sponsored by TVA and
the DOE. This test, ^1ke the Duke demonstration,
will be performed under the 50.59 provisions of
the existing reactor license.

As a last element in the utilities strategy to
plan for their storage needs, the Monitored
Retrievable Storage (MRS) program plays an important role. This program, to be implemented by the
DOE under the terms of the NWPA, can provide the
backup insurance needed in the event that the
repository schedule should be delayed. The MRS
program can provide a credible planning base for
utilities and can help them place limits on the
size and timing of their on-site storage
requirements.

The third hot demonstration is planned by
Northeast Utilities at Its Millstone 2 plant.
This program is jointly sponsored by northeast
Utilities, EPRI, and Baltimore Gas and Electric,
and will use Combustion Engineering developed
concepts and tooling. The project has been
selected by DOE to negotiate for participation
under the Solicitation for Cooperative Agreement
Proposal (SCAP) program. A key feature of the
Northeast project 1s the plan to license the
Millstone 2 pool for storing maximum density consolidated fuel. The 12 bundle hot demonstration
using PUR fuel is now scheduled for sometime In
1985.

Within the framework of the above discussed introductory material, it is now appropriate to discuss
the various spent fuel storage demonstration
programs.
ROD CONSOLIDATION
Rod consolidation 1s not a brand new technology.
As part of the process of repairing or reconstituting failed fuel bundles, techniques of disassembling the bundles have been developed and used
extensively. The key difference is that for the
storage case, the procedure would be done on a
much wider scale which demands more sophisticated
tooling designs to Improve the efficiency of the
process and reduce the various steps to a routine
operation. The storage technology also requires
that the consolidation equipment be capable of
achieving the desired close packed rod geometry in
the storage canister.

DRY SPENT FUEL STORAGE
There are a variety of reasons why dry storage Is
emerging as the leading technology for providing
additional on-site spent fuel storage. Some of
these perceived advantages Include:
o Can be more passive than pool storage
o Can be added in smaller Increments of
capacity
o Can be cost competitive with wet storage
o Utilities expect dry storage to enjoy a
reasonable level of public acceptance

The major objective of the consolidation demonstrations can be summarized as follows:
o Develop reliable and efficient disassembly
tooling

o Has great potential for optimizing total
disposal system

o Develop equipment and strategies for handling
bundle scrap hardware

While ft is generally accepted that sufficient
information exists to license dry storage for
conservative storage conditions, there are some
issues for which fully definitive Information is
not yet available. In general, these uncertainties center around the question of maintaining
fuel Integrity during very long periods of dry
storage. Major cladding failure mechanisms have
been examined and, at the expected storage conditions, stress rupture, hydriding, and cladding
oxidation can be eliminated as being of significant concern. Stress corrosion cracking (SCO is
not expected to occur',, but it can not be guaranteed that some very small number of rods may
develop small SCC cracks if left 1n storage for
periods of the order of 50 to 100 years. Even
should such cracks occur, however, there would be
no measurable impact on the safety of the dry
storage system.

o Demonstrate licensing process and associated
analytical methods
o Demonstrate overall economics of rod
consolidation
Three major rod consolidation demonstrations
involving hot fuel have been undertaken. Additionally, U.S. Tool and Die has developed a consolidation concept that has been tested on cold
mock-up fuel. One of the hot demonstrations has
been completed by Duke Power at its Oconee station
using Vfestinghouse designed and developed equipment. This demonstration, performed In the fall
of 1982, consolidated four PWR bundles fnto two
storage canisters. The tests were completed
satisfactorily with only the normal amount of
problems expected with a new concept. The demonstration did make clear the Importance of the
scrap handling operation to the overall technical
and economic success of the consolidation process.

Of more Immediate Interest is the issue of UO2
oxidation in dry storage. It must be assumed that
some defected rods will find their way into dry
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storage. If the storage environment contains air
and 1f the temperature 1s sufficiently high, then
the exposed UOg may oxidize to U3O0. Because U3Og
1s much less dense than UO2, oxidation has the
potential for mechanically splitting the cladding
and releasing the U3O3. While 1n the storage
container, this offers no immediate safety
problems, but It 1s undesirable as 1t may complicate future fuel handling and packaging. Because
the threshold temperature for air oxidation has
not yet been determined for very long-term
storage, the early dry storage applications are
expected to be in an Inert environment. Multiple
coordinated R&D projects by NRC, DOE, and utilities are under way to better define the allowable
temperature limits for air storage.
Dry Storage Demonstrations
Several dry storage demonstrations have been
started or are being planned to confirm the potential of the various dry storage concepts and to
help resolve some of the remaining uncertainties. Additionally, the R&D performed in the
demonstrations 1s expected to yield the Information needed to permit substantial cost savings in
future storage concepts. The objectives of the
demonstrations generally Include:

completion of the scheduled tests at Morris. The
second demonstration will be with a GNS supplied
Castor IC nodular cast Iron cask from Germany.
This cask holds 16 unconsolidated BUR bundles.
Both demonstration programs are scheduled to last
about two years and will be licensed by the NRC as
a limited scope demonstration. There is the
possibility that at the end of the first phase of
testing, either one or both of the casks may be
tested using consolidated fuel.
One of the most ambitious demonstration programs
1s being led by Vepco. Marvin Smith will report
separately on this activity following my presentation. Suffice it to say that the Vepco proposal
Includes metal cask demonstrations at a federal
site as well as an at-reactor demonstration. The
program Is planned to be a cooperative effort
Involving DOE (as part of the SCAP activities) a
EPRI.
»
Carolina Power and Light (CPsl) 1s also planning
an on-s1te dry storage demonstration and, like
Vepco, has been selected by DOE to negotiate to be
a participant in the SCAP activities. EPRI will
also be a participant 1n the CP4L cooperative
program.
The unique aspect of the CPAt proposal is that 1t
plans to demonstrate a new approach for spent fuel
storage that can best be described as a horizontal
concrete silo. Figure 2 illustrates the main
features of this concept that stores the fuel
(7 PWR elements) 1n a canister that is cooled by
natural convection air flow through the concrete
storage module. Some of the potential advantages
of such a system include:

0 Confirm fuel integrity for prototypical
storage conditions
0 Confirm storage system predictive modeling
capabilities
0 Perform tests at. bounding conditions
including tests with consolidated fuel

0 Has potential of having significant cost
advantage over other dry storage concepts

0 Demonstrate system performance and economics
0 Develop licensing base for improved dry
storage concepts

0 Can be integrated with transport cask to
facilitate downstream shipping

The DOE. was the earl iest dry storage demonstration
sponsor in the U.S. In 1977, a program of single
bundle tests was begun at the EMAD facility at the
Nevada Test Site. The tests used 17 PwR bundles
of approximately 25,000 MWd/Te exposure that had
cooled about three years. Tests were performed in
dry wells and concrete silos. Test descriptions
and data are reported in DOE/NV/10250-6 with the •"'
majority of the work focused on thermal analyses
of the storage systems.
DOE has continued its demonstration program by
purchase of a large metal storage cask, the
REA 2023. This cask will bi used to conduct cask
characterization tests at the General Electric
Morris facilities using 52 unconsolidated BUR
bundles. The work will be completed in 1984 and
will be conducted under the 72.35 provision of the
existing GE Part 72 license.
TVA has been a long-time supporter of spent fuel
storage RAD activities and is continuing to play a
major role in the upcoming demonstration phase.
In 1984, TVA will begin two metal cask storage
demonstrations. The first will be 1n cooperation
with DOE and will use the REA cask after
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0 Is totally modular in design
0 Sealed canister can facilitate final
disposition
The CP&L demonstration is scheduled to include
three modules. The transfer cask to be used is
the CP4L-owned IF-300 cask. The program is
expected to begin in 1984.
SUMMARY AND CONCLUSIONS
From the above discussions, it should be evident
that the demonstration phase for both rod consolidation and dry storage is now at its
threshold, with the major programs planned to
begin in 1984. In order to meet the growing
storage needs of the late 1980s, it is important
that these programs be productive and remain on
schedule.
Assuming that the demonstrations will continue to
receive adequate financial support and priority,
the programs can then be optimistically summarized
as follows: ••
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Fig. 2 CP&L Horizontal Silo Concept

o Utilities and DOE are actively participating
In many coordinated storage demonstration
programs
o Test and operating data Is expected to ba in
hand 1n a timely manner to support licensing
actions.
o The demonstration programs are designed to
provide utilities a range of practical alternatives to meet their growing spent fuel
storage needs.
I trust that in future meetings of the type we are
having today, we will be able to report on the
successful results of the described programs
rather than only discuss the planned tests.
Thank you for your attention and I will now
entertain any questions you may have.
REFERENCES
1. Department of Energy, Federal Interim Fee
Study for Civilian Spent Nuclear Fuel: A
Technical and Economic Analysis, DOE/S-0023,
July 19B3.
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DRY CASK STORAGE: A VEPCO/DOE/EPRI
COOPERATIVE DEMONSTRATION PROGRAM
Marvin L. Smith
Special Projects
Virginia Electric and Power Company
Richmond, Virginia

INTRODUCTION

SUMMARY OF STORAGE PROBLEMS

In response to a Department of Energy (DOE)
Solicitation for Cooperative Agreement Proposal,
Virginia Electric and Power Company (Vepco) has
proposed to participate in a spent fuel storage
demonstration program utilizing the dry cask
storage technology. This proposed program
includes dry cask storage at Vepco's Surry
Nuclear Power Station and research and
development activities at a DOE site in support
or" the licensed program at Surry.

Virginia Electric and Power Company operates two
nuclear power stations within its system: the
North Anna Power Station located in Louisiana
County, Virginia, and the Surry Power Station
located in Surry County, Virginia. Each of these
power stations has two pressurized water reactor
operating units which share a common spent fuel
pool. The current capacities of these spent fuel
pools are 1044 fuel assemblies and 966 fuel
assemblies for Surry and North Anna respectively.

Vepco's proposed program involves the use of five
casks for a licensed dry cask storage
demonstration at the Surry site. The initial
cask storage at Surry will be for unconsolidated
spent fuel under conservative NRC licensed
conditions. In addition, Vepco has proposed to
participate with DOE in an R&D program at a DOE
site which will provide data to support NRC
licensed dry storage of unconsolidated spent fuel
near the design limits of the dry storage casks
and dry cask storage of consolidated spent fuel.
For this purpose, Vepco has proposed that four
additional casks, preferably from different
approved suppliers in order to demonstrate
several cask designs, be used at a DOE site.

Vepco filed an application in August 1982 with
the NRC to rerack the North Anna spent fuel pool
with neutron absorber spent fuel racks that will
increase the capacity of the North Anna spent
fuel pool to 1737 spent fuel assembly storage
locations. Vepco also filed an application with
the NRC in July 1982 to allow receipt and storage
of up to 500 Surry spent fuel assemblies at North
Anna. Louisiana County and a citizens group have
intervened against both of these applications,
and an Atomic Safety Licensing Board hearing will
be conducted on these applications in 1984.
Louisiana County has enacted an ordinance
prohibiting storage of radioactive materials in
Louisiana County unless the wastes were generated
in Louisiana County. This ordinance was declared
unconstitutional on March 3, 1983, by the United
States District Court for the Eastern District of
Virginia; however, Louisiana County has appealed
the District Court's decision to the United
States Court of Appeals for the Fourth Circuit,
and oral argument was heard on this case on
November 3, 1983. These NRC and Federal court
proceedings introduce significant uncertainties
about when transshipment from Surry to North Anna
will be available.

Vepco feels that this program meets the
objectives of the Nuclear Waste Policy Act,
Section 218, which are to (1) demonstrate a dry
storage alternative; (2) determine its
performance characteristics, economics, and
licensability; and (3) assist utilities in
meeting their own interim spent nuclear fuel
storage requirements at reactor sites. This
integrated program will demonstrate a licensed
modular dry storage option that could be used by
a number of utilities.

The projected cumulative number of spent fuel
assemblies to be discharged from the Surry Power
Station is shown in Figure 1 along with a line
indicating a capacity available in the existing
Surry Power Station spent fuel pool. The present
capacity of this fuel pool is 887 fuel assemblies
after allowing for the 157 fuel assembly storage
locations required to maintain full core reserve
for one Surry unit. As shown in Figure 1, the
Surry Power Station spent fuel pool will no
longer have full core reserve capacity available

Vepco proposed cooperative program with DOE is
designed to assist Vepco and other utilities in
solving their interim spent fuel storage problems
on a schedule that will minimize the need for the
DOE to provide Federal interim storage. Vepco's
proposed program will also be supported by the
Electric Power Research Institute.
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in 1986 if additional storage capacity is not
made available. Even with transshipment from
Surry to North Anna, another storage option will
be required for Surry before the Federal
permanent repository is available. The projected
life-of-plant spent fuel discharge (based on the
current NRC license which expires in June 2008)
for the Surry Power Station is approximately 3000
fuel assemblies. This exceeds the interim spent
fuel storage capacity available in the spent fuel
pool by approximately 2100 fuel assemblies or
1000 metric tons of spent fuel.

when needed. This technology can be applied
generically at a number of utility sites and may
also help to provide a cost effective option for
spent fuel shipments to the Federal repository or
MRS facility. Vepco has prepared an application
for a dry cask storage facility and filed this
application with the NRC in October 1982. In
addition, the proposed Vepco/OOE/EPRI program
will support development of the dry cask storage
option for the Surry Power Station.

The projected cumulative number of spent fuel
assemblies to be discharged from the North Anna
Power Station is shown in Figure 2 along with
lines indicating (1) the current capacity of the
spent fuel pool, (2) the capacity of the spent
fuel pool after reracking, and (3) the projected
capacity of the pool if the fuel assembly
consolidation and in-basin consolidated spent
fuel storage can be licensed. Figure 3 shows the
same information for the North Anna Power Station
spent fuel pool assuming the 500 fuel assemblies
are transshipped from Surry to North Anna between
1984 and 1990. As indicated in Figures 2 and 3,
full core reserve capacity will be lost in 1982
assuming North Anna is reracked and 500 Surry
spent fuel assemblies are transshiped. Full core
reserve is projected to be lost at North Anna in
1997 if no Surry spent fuel assemblies are stored
at North Anna. Thus, either fuel consolidation
or some other option for expanding the interim
spent fuel storage capacity must be available by
1992 to 1997 for North Anna depending on how many
spent fuel assemblies are transshipped from Surry
to North Anna. North Anna has a projected
life-of-plant (based on the current NRC license
which expires in February 2011) total spent fuel
discharge of approximately 3,100 fuel assemblies.

The objectives of Vepco's proposed cooperative
are (1) to demonstrate dry storage alternatives;
(2) to determine performance characteristics,
economics, and the ability of these storage
alternatives to be licensed; and (3) assist
utilities in meeting their own interim spent
nuclear fuel storage requirements at reactor
sites.
»

OBJECTIVES OF THE PROPOSED PROGRAM

Section 218 of the Nuclear Waste Policy Act of
1982 (NWPA) states that "The Secretary shall
establish a demonstration program, in cooperation
with the private sector, for the dry storage of
spent nuclear fuel at civilian nuclear power
reactor sites, with the objective of establishing
one or more technologies that the Commission
(NRC) may, by rule, approve for use at the sites
of civilian nuclear power reactors without, to
the extent practicable, the need for additional
site-specific approvals by the Commission."
In support of this objective, Vepco's proposed
program will demonstrate dry storage cask
technology. Dry storage casks are designed to be
used generically at a number of sites with
minimal site-speific approvals being required.
Vepco's proposed program involves two-phases: a
licensed demonstration involving five or more
casks on the Surry site and an R&D program
including four casks at the DOE site.

In order to provide interim storage for Vepco's
spent fuel, Vepco is actively pursuing several
options. A license application for a wet pool
Independent Spent Fuel Storage Installation has
been prepared. However, since other more cost
effective options are available, and since this
option cannot be implemented in time to solve the
storage problem at Surry, Vepco does not
anticipate submitting this license application.

DESCRIPTION OF PROPOSED PROGRAM
Phase I of Vepco's two-phase program involves a
demonstration of the licensed dry cask storage of
spent fuel in an inert atmosphere at the Surry
Power Station site. A license application for a
dry cask storage facility for unconsolidated
spent fuel has already been filed by Vepco with
the NRC. During Phase I, Vepco will obtain a
license from the NRC for this facility for
unconsolidated spent nuclear fuel storage under
the conservative conditions which the NRC has
indicated will be required initially. Once the
NRC license is obtained for the facility, and at
least one dry storage cask design is approved for
use with the facility, Vepco will construct the
facility and initially order two dry storage
casks, load these casks in the Surry spent fuel
pool with spent fuel conforming to the NRC
license conditions, and store these casks at the
facilicy.

Both the Surry and North Anna spent fuel pools
were evaluated to determine if additional storage
capacity could be obtained by the reracking of
the pools. The number of fuel assemblies stored
in the Surry pool cannot be increased due to
structural limitations on the pool. As indicated
earlier, the North Anna pool capacity can be
increased by the use of neutron absorber fuel
racks and Vepco has filed an application for .
reracking with the NRC.
Vepco's evaluation of these options has resulted
in the decision to use transshipment from Surry
to North Anna and dry storage casks for storing
spent fuel at the Surry site. This option
provides that-most effective on-site solution for
Surry considering cost and schedule for
implementation. In addition, it provides modular
storage that, once licensed, car, be implemented

In parallel with this effort at the Surry site,
Vepco has proposed that a Phase I program be
conducted at the DOE site involving three dry
storage casks and 100 to 120 spent fuel
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would use one of the two casks tested in Phase I
with consolidated fuel in an inert atmosphere.
At the conclusion of Phase II, lead test casks
will have been demonstrated for inert gas and air
storage of both unconsolidated and consolidated
spent fuel. The Phase II results will also be
documented in a topical report.for support of NRC
licensing for air storage. Phase II of Vepco's
proposed program will be completed when this
report is published.

assemblies from the Surry Power Station. A
fourth cask will be required for Phase II. The
casks for the DOE site will be purchased by Vapco
through a competitive bid process. If possible,
several cask vendors will be selected to involve
a range of cask designs in the program.
The casks will be delivered to the DOE site, and
the first cask procured is proposed to be used
for. storage of unconsolidated spent fuel in an
%iert atmosphere with decay heat and radiation
source terms near the design limits for the
cask. The first cask would be used to provide
data to support NRC licensed storage in an inert
atmosphere near the licensing limits of the casks
rather than under th conservative conditions that
may be applied by NRC initially. In addition,
analytical model predictions will be performed on
the thermal performance and radiation shielding
for the storage cask and compared to test data.
Topical reports on the analytical models and test
data will be prepared and published.
The spent fuel for this program will be selected
from the fuel available at the Surry site,
examined at Surry, and shipped to the DOE site.
The shipping will be performed using a cask
licensed by NRC under 10 CFR 71. The second and
third casks proposed for the DOE site will be
used to demonstrate storage for consolidated
spent fuel. Due to schedule and licensing
constraints on shipping consolidated spent fuel,
Vepco has proposed that the fuel assemblies be
consolidated at the DOE site.
The consolidated fuel and casks will also be
instrumented and loaded at the DOE site.
Analytical model predictions of thermal
performance and radiation shielding will also be
made for the consolidated cask storage and
compared to test results. Topical reports on the
models and test results will be prepared to
support a license amendment for the Surry dry
storage facility to allow consolidated spent fuel
storage.
Vepco plans to submit this license amendment to
the NRC, and once the amendment is approved,
consolidated dry cask storage of spent fuel will
be demonstrated at the Surry dry storage facility
with three storage casks. These casks will bring
the total casks at the Surry site to five
including th two casks used for unconsolidated
storage. Consolidated fuel storage at Surry will
also require that Vepco obtain NRC approval for
consolidation and obtain fuel consolidation
equipment of services. Once the NRC licensed
storage of consolidate spent fuel in an inert
atmosphere is demonstrated at the Surry site,
Phase I will be complete.
Phase Ii of Vepco's proposed program will involve
the demonstration of storing unconsolidated and
consolidated spent fuel in dry casks' filled only
with air. This phase of the program will involve
DOE site testing similar to Phase I and is
expected to require an additional (fourth) cask
to demonstrate storage of unconsolidated spent
fuel in air-filled casks. The testing program
for consolidated spent fuel in air-filled casks
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THE NATIONAL RESEARCH COUNCIL STUDY OF THE ISOLATION SYSTEM
FOR GEOLOGIC DISPOSAL OF RADIOACTIVE WASTES
Thomas H. Pigford
Department of Nuclear Engineering,
University of California, Berkeley, CA

This study was conducted for the U.S. Department
of Energy by the Waste Isolation Systems Panel
appointed by the National Academies of Sciences
and Engineering. The panel was charged to review
the alternative technologies available for
isolating of radioactive waste in mined geologic
repositories, and to evaluate the performance
benefits from these technologies as potential
elements of a waste isolation system. This panel
is also required to identify appropriate
technical criteria for satisfactory long-term
performance of a geologic repository. Conceptual
repositories in basalt, granite, salt, and tuff
were considered. Site-specific data on geology,
hydrology, and geochemical properties were
evaluated and used to define parameters for
estimating long-term environmental releases,
supplemented when necessary by generic properties.
The technology for solid waste forms and waste
packages was reviewed and evaluated.
Borosilicate glass and unreprocessed spent fuel
are the waste forms appropriate for further
testing and for repository designs. Testing in a
simulated repository environment is necessary to
develop an adequate prediction of the long term
performance of waste packages in a geologic
repository. Back-up research and development on
alternative waste forms should be continued. The
expected functions of backfill placed between the
rock and waste package need clearer definition
and validation.

limited by solubility and by diffusion and
convection in groundwater surrounding the waste
solids, long water travel times from "the waste to
the environment, and sorption retardation in the
media surrounding the repository. Dilution by
surface water can reduce the Individual radiation
exposures that can result from the small fraction
of the waste radioactivity that may ultimately
reach the environment. Estimates of
environmental releases and Individual doses were
made both for unreprocessed spent fuel and for
reprocessing wastes. Accelerated dissolution of
waste exposed to groundwater during the period of
repository heating was also considered.
Long-term environmental releases of radioactivity
from some repositories were calculated to cause
doses to maximally exposed individuals that are
several orders of magnitude below the individual
dose criterion of 10"* sieverts per year.
Other conceptual repositories wero found to not
meet the individual dose criterion, although
these repositories could still meet the
radioactivity release limits in the standard
proposed by the Environmental Protection Agency.
The technology for geologic waste disposal has
advanced to the state of a preliminary technical
plan, suitable for testing, verification, and for
pilot-facility confirmation. The waste isolation
program needs a reliable prediction of long-term
performance that will serve as a basis for final
design, construction, licensing and waste
emplacement.

The overall criterion to be used by federal
agencies in designing a geologic waste-isolation
system and in evaluating its performance has not
yet been specified. As a guideline, the panel
selected an average annual dose of 10"*
sieverts to a maximally exposed individual at any
future time, if the exposure is from expected
events such as the slow dissolution of waste
solids in wet-rock repositories and the
groundwater transport of dissolved radionuciides
to the biosphere. Risks from unexpected events
such as human intrusion were not evaluated.
Calculations were made of the long-term isolation
and environmental releases for conceptual
repositories in basalt, granite, salt, and tuff.
The major contributors to geologic isolation are
the slow dissolution of key radio-elements as

419

THE ECONOMICS OF MINED GEOLOGIC REPOSITORIES
P. L. Hofmann and D. G. Dippold
Battelle Project Management Division
Battelle Memorial Institute
INTRODUCTION
During 1982, Congress considered legislation to
provide for the development of repositories for the
disposal of high-level radioactive waste and spent
nuclear fuel. The result of this legislative
effort was the "Nuclear Waste Policy Act of 1982"
(NWPA), PL 97-425, signed into law January 7, 1983.
An important part of the NWPA was the establishment
of special funds in the U.S. Treasury for Waste
Disposal to be financed by user fees to pay for all
costs of the program. An initial fee of 1.0
mill per kilowatt-hour was specified. The
secretary was asked to "... annually review the
amount of the fees established ... to evaluate
to evaluate whether collection of the fee
will provide sufficient revenues to offset the
costs...". In th6;event of a prospective feecost mismatch, the Secretary was asked to "
propose an adjustment ot the fee to insure full
cost recovery."
A series of studies were sponsored by DOE in 1982
to estimate program costs, to calculate the
necessary fees to assure cost recovery, and to
address uncertainties that could affect future
program costs and consequent fee schedules.
Most of the cost estimates for the repositorywaste package complex, construction, operation,
and decommissioning, as well as R&D cost estimates,
were prepared by the "Office of NWTS Integration"
(ONI) operated by the Battelle Project Management
Division (BPMD). A summary of these cost
estimates was published by Waddell, et al, (1982). 1
These cost
by Pacific
translated
documented

estimates were interpreted and auqmented
Northwest Laboratory (PNL) and then
into a fee schedule. The PNL work is
in a report by Engle and White (1983). 2

In the following paragraphs, a brief summary of the
1982 cost estimates is presented. Sources of key
cost uncertainties are discussed and the bases for
the cost recovery fee calculations are summarized.
SUMMARY OF 1982 REPOSITORY/WASTE
PACKAGE COST ESTIMATES
Key Assumptions and Ground Rules
Cost estimates were to be prepared for four host
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rocks (domed salt, bedded salt, tuff, and granite)
and twg. waste forms [spent fuel (SF), and
reprocessing waste (CHLW)]. The repository
capacity was fixed at 72000 MTU and the peak waste
receipt rate was stipulated to be 3000 MTU/year.
The first repository was assumed to be operational
by 1998, followed by a second repository in 2002.
The waste package designs were patterned after the
"long-lived" package configuration developed by
Westinghouse (1983)3,4, without making any special
provisions for "hole liners" or "tailored backfill".
Waste packaging was assumed to be carried out at
the repository and waste packages were to be ^
emplaced in suitable, vertical boreholes. For"the
case of the commercial high-level waste repository,
transuranic waste was to be packaged in "thinwalled" packages and emplaced in a "commingled"
fashion with the CHLW packages. Even though the
waste package designs made provisions for retrieval,
retrieval costs, per se, were not included in the
cost estimates.
Cost Estimating Procedures
In order to avoid missing or double-counting of
costs, a "Cost-Matrix" was prepared. The matrix
covered all systems and activities relevant to
waste isolation. Two major systems were specified,
"Waste Packaging" and "Repository". These major
systems were subdivided, in turn, and for each
subsystem category, capital, operations, and
decommissioning costs were estimated. A simplified
"Cost-Matrix" chart indicating the key cost
elements is shown in Fig. 1. The costs for each
element in the matrix were estimated by scaling and
extrapolating previously available conceptual
design estimates. Since the then current waste
preparation and repository systems designs were
generally not consistent with each other, several
adjustments had to be made. The repository costs
were based on the conceptual designs for salt,
NWTS Rl (Stearns-Roger, 1979)5 and NWTS R2 (Kaiser
Engineers, 1978)6, as well as cost data from the
Conceptual Reference Repository
Description (CRRD)
(Bechtel Group, Inc., 1981) 7 , the final environmental impact statement
designs (U. S. Department
of Energy, 1980) 8 , the International Fuel Cycle
Evaluation
(INFCE) designs (INFCE Working Group 7,
1980) 9 , and on preliminary
work carried out at PNL
by Clark, et al. (1982) 1D . The waste packaging
facility costs were based on designs and estimates
by Kaiser Engineers (1978) 11 . The NWTS Program
Site Exploration and Development costs were estimated separately.

•*
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Systems """" •—.
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PACKAGE
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Fig. 1 Key Cost Elements
30% of the total costs allocated to waste
preparation.

The estimates do not include costs associated with
waste vitrification. TRU treatment costs are
similarly excluded.

Table 2 Summary-Reference Disposal Cost Estimates
(Billions of 1982 $'s)
Waste

Summary of Cost Estimates
As noted, the cost estimates were prepared for two
types of repositories, a spent nuclear fuel and a
commercial high-level waste repository. The SF
package contains 2.96 MTU of close-packed fuel '.
pins and the CHLW contains an equivalent 2.28 MTU
of vitrified waste. The package inventory for the
two repository types is summarized in Table 1.

Spent Fuel
Domed Salt
Bedded Salt
Tuff
Granite

Preparation
1.6
1.6
1.6
1.6

Repository
3.7
3.8
4.0
4.2

Total
5.2
5.4
5.6
5.8

3.5
3.6
4.0
4.1

4.9
5.0
5.4
5.5

Reprocessing Waste

Type of Packages
Reprocessing Waste Repository
HLW Glass Packages
Cladding/Remote Handled
TRU Packages
Contact Handled TRU
Packages
Spent Fuel Repository
Disassembled Spent Fuel
Packages
End Fittings Packages

Domed Salt
Bedded Salt
Tuff
Granite

# of Packages
(Thousands)

CO CO CO C,

Table 1 Number of Waste Packages for
A 72000 MTU Repository

There are many other ways in which the total costs
can be categorized. Another possible cost categorization for the SF, bedded salt repository leads to
the cost breakdown shown in Table 3.

31.6
66.0

NWTS program exploration and development costs were
estimated for the 1982 to 1996 time span. In
addition, costs incurred prior to 1982 were determined and adjusted to 1982 $'s. A summary of these
costs is shown in Table 4.

374.4
24.3

The costs listed in Table 4 generally cover identification and characterization of several sites and
the costs associated with the development and
demonstration of the technology to construct and
operate repositories.

5.0

In Table 2, the total cost estimate for both types
of repositories and four host rocks are summarized.
The costs are given in billions of 1982 $'s. As can
be seen, the costs for a 72000 MTU repository and
its associated waste packages are in the neighborhood of 5 to 6 billion dollars, with about 25% to

421

Table 3 SF, Bedded Salt Repository Cost Breakdown
% of Total Costs
24
38
6
11
21

Site and Site Improvements
Waste Packaging and Receiving
Waste Shafts and Hoists
Ventilation and Flow Paths
Waste Transfer, Emplacement and
Underground Workings
Total

Initially, as part of the ONI work supporting the
fee calculations, the first two sources of
uncertainty, cost estimating and design
uncertainties, were explored and a series of
sensitivity calculations were performed (Waddell,
et al, 1982)1. These calculations involved nigh
and low waste preparation costs, variations in TRU
emplacement schemes, and variations in waste
package designs.
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Table 4 Exploration and Development Cost.
(Billions of 1982 $'s)
Site Identification
Site Characterization
Site Approval and Construction
Authorization
T S E Facility
Technology Development
Related Programs (Related R/D,
Impact Mitigation, Fund
Management)
Projected Costs. 1S82 and Beyond
Adjusted Costs, Prior to 1982
Total Costs

.3
.7

' • ^

The results of this evaluation are portrayed in
Fig. 2 for the four host-rocks and the two
repository types under consideration. The biggest
uncertainty range was calculated for the SF
repository in tuff. The range extended from * $4.1
to $8.9 billion bracketing the $5.6 billion
reference value.

.2
.2
1.5
1.2
.7
4.8

In reviewing the above cost items, one concludes
that total program costs are of the order of
$20 billion, i.e., two repositories and associated
waste packages at ^ $11 billion, exploration and
development costs at ^ $5 billion, and estimated
transportation and other costs at ^ $4 billion.
The accommodated waste1 2 corresponds to the generation of about 30 x 10 kwh. Hence, without
discounting costs, a simple average cost of
disposal is therefore ^ 2/3 mills/kwh.
COST UNCERTAINTIES
The cost estimates summarized in the previous
sections are subject to large uncertainties.
Sources of key cost uncertainties are noted in
Table 5, below.

Subsequent to 1 the publication of ONI-3 (Waddell,
et al.,
1982) and PNL-4513 (Engle and White,
1983) 2 , work has been continued at BPMD to further
explore the sources of uncertainties listed in
Table 5 via a series of systems and sensitivity
analyses. For example, costs were estimated over
a range of waste package and repository designs,
all subject to the same 1 2specific design limits
(Dippold, et al., 1983) . In these calculations,
the entire waste disposal system, including transportation and vitrification costs - if reprocessing
is included in the scenario - was analyzed for a
range of designs. The resulting total cost curves
have a characteristic U-shape so that the minimum
system cost and its associated design can be
ascertained. From these same curves it is also
possible to deduce cost variations and hence cost
ranges as design parameters are varied.
This system approach to cost analysis has also been
applied in a variety of other cases. Near-field
temperature limits, specifically the allowable peak
waste canterline temperature and the near-field
host rock maximum, temperature, affect the waste
package-repository design layout. For salt
repositories accommodating glass waste, the current
peak centerline temperature is specified at 500°C
and the maximum salt temperature adjacent to the
waste package is pegged at 250°C. If these limit?
were tightened, packages would have to be made
smaller in diameter, leading to more packages
and/or packages spaced further apart. Tha net
result of these design changes would be increases
in cost. A systems analysis of these shifts in
thermal limits has indicated increases in costs
ranging upwards to billions of dollars depending
on the magnitude of the change in the1 3 design
limits (Dippold and McSweeney, 1983) .

Table 5 Sources of Key Cost Uncertainties
• Uncertainties in Cost Estimating;
primarily uncertainties in mining
costs and waste packaging costs.
•

• Uncertainties 1n Future Program
Definitions; i.e., the; accommodation
of other waste forms, :TRU, Defense
Wastes, and other special wastes;
interim waste storage and precooling
strategies.

Uncertainties in Design; primarily
uncertainties in package design
details, use of overpacks, package
emplacement densities.

• Uncertainties in Future Regulations;
cost impacts resulting from variations
in design limits and specifications.
• Uncertainties in Future Price Trends;
i.e., real price trend uncertainties
exclusive of general inflation
projections.
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NOTE: Cost ranges have been estimated assuming that incremental costs are additive.
Fig. 2 Repository Cost Ranges
The total costs associated with waste packages of
various lengths and loadings have also been explored
via the systems approach (Yates and Varadarajan,
1 9 8 3 ) " . It was found that relatively longer and
larger (in terms of diameter) waste package designs
led to a significantly lower total systems cost.
Another system analysis has indicated a potential
economic incentive for TRU volume reduction.
Depending upon the assumptions, this incentive can
range up to as much as $1 billion in 1982 dollars
(Yates and Varadarajan, 1983) 1 5 .

of the disposal system. Such changes in specific
price trends can of course occur even in periods
where there is no general inflation. The only way
of even crudely assessing the potential cost
changes arising from this effect is by examining
past price trends and making some future projections. Although results have not yet been
formally reported, preliminary investigations
indicate that these real price trends can have
significant effects on total waste disposal costs.
Finally, future program realignments and their
potential effect on disposal costs are completely
unpredictable. Postulating different scenarios and
assessing their potential cost impacts may be of
some utility in forecasting cost variations due to
such program changes.

Waste pre-cooling ("aging") has been explored
via the systems approach by (Dippold and Hofmann,
1 9 8 3 ) " and (Becker and Varadarajan, 1983) i 7 . The
analyses have shown that delaying permanent
disposal for relatively long periods of time can
lead to relatively large savings. On the other
hand, delaying permanent disposal for relatively
short periods of time was found to be of questionable economic value.

WASTE DISPOSAL FEES

Another important and generally unpredictable
variable is future real price trends for construction and operation of facilities and for
fabrication and material costs of the subcomponents
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The determination of disposal fees for a variety of
scenarios was carried out by PNL and is reported
by Engle and White (1983)2.
The disposal fee is based on full recovery of
disposal program costs by DOE. The fee is arrived
at by equating discounted costs to discounted

revenues. Cost data are based on constant,
uninflated 1982 dollars and a 2% real', umnflated
discount rate is used in the present value
calculations.
For purposes of specifying costs, upper bound
values were used by PNL. Thus, in each case,
"high" waste preparation costs, "high" mining
costs, and "high" transportation costs were postulated. The total upper bound costs for two
repositories and associated waste packages,
transportation, and research and development were
estimated to be % $28 billion. This compares with
the -\» $20 billion "reference" costs mentioned
previously. The fee that would generate the
required revenue to cover these costs was calculated to be .85 mills/kwh. The initially mandated
1 mill/kwh fee thus appears to provide sufficient
revenues to meet program costs for the range of
conditions considered. However, since potential
cost uncertainties are large and basically
unpredictable, the fee may have to be adjusted
in the future. The law provides for such
adjustments.

Waste Isolation, Battelle Memorial Institute,
Columbus, Ohio.
8. U.S. Department of Energy, 1980. Final
Environmental Impact Statement, Management of
Commercially Generated Radioactive Waste, "
D0E/EIS-0046F, Washington, D.C.
9. INFCE Working Group 7, 1980. Waste Management
and Disposal, Report of the International
Nuclear Fuel Cycle Evaluation (INFCE,) Working
Group 7, International Atomic Energy' Agency,
Vienna, Austria.
10. Clark, L. L. and B. M. Cole, 1982. An Analysis
of the Cost of Mined Geologic Repositories in
Alternative Media, PNL-3949, Pacific Northwest
Laboratory, Battelle Memorial Institute,
Richland, Washington.
11. Kaiser Engineers and Rockwell Hanford Operations, 1978. Spent Fuel Receiving and
Packaging Facility Conceptual Design R~eport,
RHO-CD-506, Richland, Washington.
12. Dippold, D. G., B. E. Urbschat, and Spyridon
Tzemos, 1983. WADCOM: A Waste Disposal Cost
Model. ONI-6, Battelle Project Management
Division, Battene Memorial Institute, Columbus,
Ohio.

REFERENCES
1. Waddell, J. D., D. G. Dippold, and T. I.
McSweeney, 1982. Projected Costs for Mined
Geologic Repositories for Disposal of Commercial Nuclear Wastes. ONI-3, Battelle
Project Management Division, Battelle
Memorial Institute, Columbus, Ohio.

13. Dippold, D. G. and T. I. McSweeney, 1983.
Costs of Accommodating Large Changes in
Repository Thermal Design"Linnts, presented at
American Nuclear Society 1983 Winter Meeting,
Battelle Memorial Institute, Columbus, Ohio.

2. Engel, R. L. and M, K. White, 1982. Fiscal
Implications of a 1-Mill/kWh Haste Management
Fee. PNL-4513, Pacific Northwest Laboratory,
Battelle Memorial Institute, Richland,
Washington.
3. Westinghouse Electric Corporation, 1983.
Engineered Waste Package Conceptual Design:
Defense High-Level Waste (Form 1), Commercial
High-Level Waste (Form 1), and Spent Fuel
(Form 2) Disposal in Salt. 0NW1-438, prepared
for the Office of Nuclear Waste Isolation,
Battelle Memorial Institute, Columbus, Ohio.
4. Westinghouse Electric Corporation, 1983.
Conceptual Waste Package Designs for Disposal
of Nuclear Waste in Tuff. ONWI-439, prepared
for the Office oflluclear Waste Isolation,
Battelle Memorial Institute, Columbus, Ohio.
5. St'iarns-Rogsr Engineering Company, 1979.
N?tional Waste Terminal Storage Repository for
Scoring Reprocessing Wastes in a Dome Salt
Formation, Denver, Colorado.
6. Kaiser Engineers, 1978. Conceptual Design
Report for a National Waste Terminal Storage
Repository in a Bedded Salt Formation for Spent
Unreprocessed Fuel, KE Report No. 78-57-RE,
"Oakland, California.
7. Bechtsl Group, Inc., 1981. NWTS Conceptual
Reference Repository Description (CRRO), Vols.
I-V, ONWI-258, prepared for Office of Nuclear

424

14. Yates, K. R. and R. V. Varadarajan, 1983. The
Impact of Commercial High-Level Waste Package
Length on Disposal System Costs, presented at
American Nuclear Society 1983 Winter Meeting,
Battelle Project Management Division, Battelle
Memorial Institute, Columbus, Ohio.
15. Yates, K. R. and R. V. Varadarajan, 1983. TRU
Waste Impact on Disposal Costs: Incentives for
Volume Reduction, presented at American
Nuclear Society 1983 Winter Meeting, Battelle
Project Management Division, Battelle Memorial
Institute, Columbus, Ohio.
16. Dippold, D. G. and P. L. Hofmann, 1983. Nuclear
Waste Disposal Economics: Modelling the Incentives for Waste Aging, published in the Proceedings of the IASTED International Symposium:
ASM '83-APPLIED SIMULATION AND MODELLING.
Battelle Project Management Division, Battelle
Memorial Institute, Columbus, Ohio.
17. Becker, Martin and R. V. Varadarajan, 1983. A
Semi analytical Formulation of the Waste Aging
Problem, presented at American Nuclear Society
1983 Winter Meeting, Battelle Project Management Division, Battelle Memorial Institute,
Columbus, Ohio.

Total Costs ($'s Billion)
§

(.37
5.23
3.88

en

1*

T

7

T

7

1

Domed
Salt

Co:>t ranges

1

CO

1

6.49
5.35
4.0C

Bedded "D
m
Salt §

]

zH

u

a
XT

8.91
5.59
4.09

1

est"
3
rt

OJ

13

1

7.96
5.76
4.23

ssuming that incre

>
5.79
4.86
3.29

3

COS1

5.91
4.98
3.14

m

-n
m
r~

1

Granite
Total Costs ($'s Billion)
r
r
?
?
i

Domed 33
Salt
m
u

J

3
QJ

Tuff

O

i

Bedded O
m
Salt
CO

i

CO

Oi

n>
0)
CL.

7.20
5.45
4.20

i

_j
1
1

425

Tuff

Granite

O

WASTE

rive

7.98
5.35
4.10

^ — - - ^ _ ^ Activities
Systems
——___

CAPITAL
CONSTRUCTION

WASTE PACKAGING
WASTE PACKAGE COMPONENTS
WASTE PACKAGE ASSEMBLY

REPOSITORY
SITE

t

WASTE HANDLING AND EMPLACEMENT
UNDERGROUND WORKINGS/ROCK HANDLING
VENTILATION
SUPPORT AND UTILITIES

TOTAL

•U.S. GOTnaDUNT PRIKTDtG O m c t l

19M-O-*S1-Of,C!,'ia8

426

OPERATIONS

DECOMMISSIONING

TOTAL

