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ABSTRACT

The papers in this document comprise the proceedings of the Department
of Energy's Twelfth Annual Low-Level Radioactive Waste Management Conference,
which was held in Chicago, Illinois, on August 28 and 29, 1990. General
subjects addressed during the conference included:

• Mixed waste
• Low-level radioactive waste tracking and transportation
• Public involvement
• Performance assessment
• Waste stabilization
• Financial assurance
• Waste minimization
• Licensing and environmental documentation
• Below-regulatory-concern waste
• Low-level radioactive waste temporary storage
• Current challenges
• Challenges beyond 1990.
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EXECUTIVE SUMMARY AND PROCEEDINGS
OF THE

TWELFTH ANNUAL DEPARTMENT OF ENERGY
LOW-LEVEL WASTE MANAGEMENT CONFERENCE

(August 28 and 29. 1990)

EXECUTIVE SUMMARY

The Twelfth Annual U.S. Department of Energy Low-Level Radioactive Waste
Management Conference was held August 28 and 29, 1990, in Chicago, Illinois.
Three hundred and sixty-two attendees registered. They represented the
Department of Energy (DOE) and its contractors, States and compact regions,
Federal agencies, nuclear industries, universities, public interest groups,
and low-level radioactive waste (LLW) generators. Topics covered in the three
concurrent sessions included:

• Mixed waste
• Low-level radioactive waste tracking and transportation
• Public involvement
• Performance assessment
• Waste stabilization

• Financial assurance
• Waste minimization
• Licensing and environmental documentation

• Below-regulatory-concern waste
• Low-level radioactive waste temporary storage
• Current challenges
• Challenges beyond 1990

Opening Plenary

Dr. John J. Stucker, policy analyst with Carter Goble Associates of
Columbia, South Carolina, delivered the keynote address for the conference.
His speech traced the increasing role of States in nuclear-related national



endeavors. This historical perspective was especially timely in light of the

fact that the States of New York and Michigan, and a group from Nebraska, are

filing suits alleging that the Federal government cannot constitutionally put

the waste disposal burden on the States.

In his speech, Dr. Stucker addressed this debate, stating that giving

such responsibility to the states is how we will "...get the most enduring,

long-term solution to the problem." In addition, Dr. Stucker pointed out that

the states had more than adequate input in fomulating the Act. He believes

that the Congress will not reexamine the issue, that they are through with

adjusting the Act, and that such an endeavor is a very low priority for the

Congress. Following is Dr. Stucker's speech, edited for publication.

Keynote Speech--Dr. John Stucker

The organizers of the session this year asked me to give a history of

low-level waste disposal in the United States. In thinking about that, I

looked over the program and the final agenda for this conference and asked

myself, "Where does history fit in to all this?" Simply put, it seems to me

history is what has given you the policy regime within which each of you goes

about your work day in and day out.

The current policy regime embodied in the Federal legislation was

initially enacted ten years ago this December, and amended five years later.

This federal legislation has been under challenge lately in the courts in two

states, although those court cases focus on some rather narrower specifics, as

this court case, or any good case would normally do...on a specific aspect of

that federal law. They are really part of a larger set of questions about

this Act and the policy it represents.

Indeed, these questions did not originate just in the last year or so

with the emergence of these lawsuits. They are questions which have

re-emerged periodically over the years. In thinking about this I have

identified three main issues the revisionists have raised about this whole

policy regime, and their objection to it. I state them as follows:
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1. This regime is faulty, because it is leading to too many sites, or
the potential for too many sites.

2. This act is faulty because this responsibility is too difficult
for the States to handle.

3. (Probably the one that is articulated most often) This act is
inappropriate and unacceptable because the Federal government has
no business imposing that kind of responsibility on the States.

I will take each of these issues in reverse order and discuss them in
terms of the history of how this whole thing evolved. Let's begin with the
issue of federal imposition of responsibility. I think this characterization,
simply put, is wholly inconsistent with the history of the nuclear enterprise
in this country, specifically in the field of low-level waste management.
Let's go back some 50 years and talk about the origins of nuclear enterprises
as we've known them in our lifetime.

The 1940s were, of course, embodied in essentially what was called the
Manhattan Project, part of the war effort on the part of the United States,
along with its allies, to win what George Will has sometimes referred to as
the last government program that worked. Shortly after that program was
completed in 1946, Congress passed the first Atomic Energy Act (AEA), and
established the original Atomic Energy Commission. This formalized the whole
arrangement as far as the use of this technology. But I think the important
point was that the Act maintained a very basic principle, and that is that
this enterprise is a wholly owned subsidiary of the U.S. Government. They ran
it all, they controlled it all, with all the secrecy and confidentiality that
we've known about over the years.

In 1954, the Congress rather substantially rewrote the Atomic Energy Act
and began to open the door a little bit, although still maintaining a very
substantial Federal control. That action by Congress occurred about the same
time President Eisenhower promoted his "Atoms for Peace." This was the first
major thrust by Federal government officials to promote the commercialization
of nuclear technology, primarily for purposes of generating electrical power.
Other uses were imagined also.
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Some of you are old enough to remember reading your "Popular Mechanics"
or "Popular Science" issues back in the 1950s, and to have seen some of the
artists' renderings of how this technology was going to be utilized over and
above generating electric power. By the end of that decade, Congress amended
the Atomic Energy Act to establish the Agreement State program. This act of
Congress from 31 years ago was not something that they did unilaterally,
imposing this option on the States. Rather, it was a response to the
initiatives the States themselves took (because they wanted to be involved),
partly to promote its use for economic and commercial purposes (the use of the
technology as a part of advancing economic development), but also because they
wanted to assert the very traditional role within our Federal government
system regarding health and safety matters.

I was reading something recently about the State of Illinois and the
history of the activity of State government in this arena. Even before
Congress became involved in dealing with these kinds of materials, and long
before Illinois became an Agreement State, the State of Illinois had been
active in taking responsibility for the health and safety aspects of dealing
with these kinds of materials.

Between about 1960 and 1970, we saw the emergence of the "low-level rad
waste management system," embodying six regional disposal sites around this
country. Many of you recall the map of the United States showing the location
of those six operating facilities, which were all in place essentially by
1970. One in New York State, one in Kentucky, one of them in South Carolina,
another in Illinois, and then the two sites out west. I think it's
interesting to note, not only did that system come about with that kind of
fairly reasonable regional balance, but, in every case, the sites were
essentially developed under the sponsorship of State government, State
officials who saw the need for them as a part again, to use this technology
and make sure they had a way of dealing with waste products.

In the late 1970s, we began to see a disruption of this system. Between
1975 and 1978, three eastern sites closed. In each case, the closure was a
result of operational problems. From the point of view of historical records,
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that statement needs some clarification. The operational problems were most
manifest in the case of the West Valley, New York, and the Kentucky sites,
where they had (and continue to have) problems that have required remedial
action.

In the case of Sheffield, Illinois, at the time, no manifest operational
problems were involved. They did use up the licensed available land area for
disposal, and the operator was seeking authority to expand that and to
encompass additional land within the site boundaries. But the Atomic Energy
Agency (by now the Nuclear Regulatory Commission) eventually turned down that
request, because information that came to them about the sub-strata of that
site, in their view, made it inappropriate for use in this way. This
information was not available when the site was first established. And so, on
that basis, they said "No, we can't go forward with further operations in this
area at this site."

Following the closure of these three sites (in 1978-1979), this issue
percolated back up to Washington, resulting in some "cross-cutting" activities
there. On the one hand (this goes back to the 1977-1978 period), there was
some initiative, coining from an intradepartmental group within the Department
of Energy and organized under the then Secretary of Energy, to address the
issue of radioactive waste management in the United States...including
low-level waste. Part of their report was to suggest the need for DOE to take
over this problem and see it resolved.

That kind of approach was echoed in Congress, principally in the House
Science and Technology Committee, which began to look very seriously at the
possibility of drafting legislation to that effect. You notice I use this
term (and it's not one that I invented myself) because, again, when you go
back and look at the report from the intradepartmental committee and at the
various documents, testimony, and statements before the House committee, those
words are very similar to the operative ones that were used to take over this
problem. This suggests to me that even by that time (this was well over a
decade ago), the precedent and direction were pretty well set in terms of who
was actively involved, and who was taking the lead. And that was the states.
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At the same time this kind of approach was being articulated, other

voices were being heard, including the former governor of South Carolina, Jim

Edwards, who subsequently became Secretary of Energy. He went before Congress

in 1978 and urged that the States be allowed to continue to work through this

problem and correlate with the IRG (Interagency Review Group) panel, which was

a successor group to the Secretary's Panel, this time involving a number of

agencies and Federal establishments in addition to the Department of Energy.

Again, they'looked at the full range of radioactive waste management

issues, including low-level waste. And that group, interestingly enough,

reversed direction in terms of the Secretary's Report, and suggested that

indeed the States needed to have a very strong continuing role in low-level

waste management; they also argued for a State role in high-level waste

management.

This brings us to 1979. During that year, the three States that had the

remaining operating disposal sites (South Carolina, Nevada, and Washington)

proposed that what had been a temporary arrangement in this country be made a

permanent arrangement, that this policy of State responsibility be put into

1 aw.

In 1971, the Conference of Radiation Control Program Directors (a group

that emerged during the 1960s as a result of this initial activism by the

States) organized a task force; about a year later, that task force released a

report on a whole range of issues they felt needed further discussion,

deliberation, and decisions. "What is really needed is a more clearly

articulated national policy regarding low-level waste management and

disposal," and they urged one that would put the States in the forefront.

Seven years later, these three States essentially put forward the same

proposition, that the States should be responsible for ensuring disposal

capacity for the low-level wastes generated within their borders. The

rationale for this proposal was two-fold, aside from the fact that they saw it

as just making into law what had been evolving in practice for some time.



The first was a matter of safety. During 1979 (apart from the issues of
what happened to those three sites that had closed in the United States),
there were several closures of operating sites. Twice in Nevada; once in the
State of Washington. In each case, the closures were a result of specific
safety violations that had occurred over the course of months, and in some
cases even years. The governors said "Look, we've got to stop this right now
and get people's attention. We've got to get States involved and committed to
more effective management of this waste." Because in most cases, those safety
violations had little, if anything, to do with what was going on with the
operator and had almost everything to do with the way in which the material
was being shipped and received.

The governors wanted States involved and committed to more effective
management of these wastes. They also wanted to see a minimization of the
transportation factor. Remember, two of those three operating sites at that
point were located hundreds of miles west of where this waste material was
being generated. They also wanted to encourage a diversity of sites, not only
in terms of the type, but also the number. It took us ten years or so to
build this fixed-site national system and within three years, we saw it
collapse by 50% in terms of the capacity of the number of sites operating.

So safety was the first issue on their minds, I think, when they put
forward this idea. The second factor was a matter of equity. That's the one
that is most often referred to. The matter of improving the benefit-to-burden
ratio. Why should just three States out of 50 have to bear this burden?

Within the next year, through 1980, this three-state proposal was
endorsed by several groups. In August of 1980, the National Governors'
Association unanimously adopted their task force report on low-level waste
management, which clearly adopted this policy initiative, proposing that
Congress enact legislation stating that States would be responsible for
ensuring this capacity for disposal. Also in the summer of 1980, the National
Conference of State Legislators adopted a resolution to this effect. State
Planning Councils also adopted this resolution, as did the Conference of
Radiation Control Program Directors.
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In December of 1980, Congress passed the original Low-Level Waste Policy
Act, which was amended some five years later. In both cases, there were
common threads that wove through both the original act and the amended
version. The first one is the most important. This reaffirmed the earlier
precedent regarding States' roles in low-level waste management and disposal.
This did not suddenly come down from Washington as a Federal mandate or fiat.
Somehow, the States had to be responsible.

Secondly, it put teeth into this policy by allowing States to exclude
waste that was generated outside their borders. Recognizing the desirability
of having a regional system in this country, Congress authorized this
exclusionary authority to occur within the compact framework. That was the>
mechanism for encouraging States to work together in carrying out this
responsibility.

In both the original Act in 1980 and the Amendments Act in 1985,
Congress granted a grace period to those States that did not have disposal
sites within their borders, or were not part of compact arrangements that had
operating disposal sites. In order to give them some period of time in which
to accomplish the objectives of the Act, the original grace period (some five
years in the 1980 Act, and when that proved to be infeasible, Congress
extended that slightly), they added seven more years in 1985, a grand total of
twelve years to try to implement this Act.

To reverse policy on this issue right now (the policy is embodied in
this Federal legislation) would, I think, clearly require changing this
30-year historical trend. History can be changed* I'm the last one to stand
up here and say tradition is the only thing that counts. You can change
history; you can move in a different direction. But I think especially for
those of us actively involved in this and trying to do the right thing, we get
the job done in the best manner possible. If we're going to change, we have
to identify a better course of action. We have to identify a better policy or
framework, which to me reduces it to a question of who or what would be a more
effective agent for ensuring safe low-level waste management and disposal.



In answering this challenge, it seems to me that it leads to the other
two issues that I mentioned at the beginning...about the degree of difficulty
in dealing with this problem and the question about how many sites are being
created. As to the issue of the job's being too difficult for the States,
again I take that and juxtapose it to the States' historical records. The
Agreement State program has been in place for 30 years, and essentially three
out of e\/ery five States are now members of that program. Furthermore,
throughout the 1980s, States were very heavily involved in developing 10 CFR
Part 61, which remains the major statement of regulatory policy and priorities
and requirements in this country for the safe management and disposal of these
wastes. That involvement was encouraged by the NRC. Otherwise, we all take a
little while to change our direction and change our emphasis.

Back in the early 1980s, the NRC had welcomed State involvement; as time
went on, they began to see even more need for it and were even more open in
their encouragement of the States. It seems to me that this evidence does not
square with the assertion that this job is too difficult for States to handle,
especially when you look at what they've done specifically in the area of low-
level waste management. Also, in the area of hazardous waste disposal (which
in many respects is just as difficult to deal with), notice the aggressiveness
of States as they've pursued their role in dealing with hazardous
waste ..sometimes striving to achieve standards and requirements for
regulations that are even more rigorous than those being set forth by the
Federal regulating agency.

The question about this difficulty is, are we talking about technical
confidence to monitor safety, or are we talking about political competence to
address the siting process? It is clearly the latter. In other words, what
we're talking about here is government's ability to face one of its toughest
public policy challenges, how to allocate dispersed benefits that go along
with the concentrated burden. How do they deal with the public policy matter
where the benefits are going to be widely distributed throughout the community
and society, but the burden is going to be concentrated in one place.
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The interesting thing about this siting issue is that this is not
something that came up just in the last ten years or just in the context of
low-level waste disposal. State governments particularly have had to deal
with this matter for many many years, whether it's siting prisons or other
correctional facilities, highways, major interchanges, community mental health
facilities, or airports.

Some of you who are from this area may recall a series of articles in
the Chicago Tribune on the subject of "Whither Goest the Third Chicago
Airport." You could just about leave all the adjectives and adverbs, even the
verbs intact. Just replace the nouns and you pretty well had a three-part
series on "Whither Goest a Low-Level Waste Disposal Facility." Not quite, but
close. Again, it's this matter of dispersed benefits versus concentrated
burden. This is a tough challenge and always has been for government. It's
become even tougher in this era of heightened participatory
democracy...government in the sunshine, Freedom of Information Act, a whole
range of administrative procedures that require public hearings and review
comment periods and successive iterations of documents and papers as
government slowly works its way toward decision.

In the case of low-level waste, the matter has also been complicated
because, unlike issues like prison or community health facilities or even
highways or interchanges, States have been going about this business of siting
not dealing just with concentrated burden versus dispersed benefit within
their own State boundaries, within their own State community, but rather
concentrated burden within their State juxtaposed to distributed benefit
within a group of States or a region. I've often felt one of the reasons
California has been relatively more successful in its efforts to pursue the
objectives of the Federal Low-Level Waste Policy Act and to get a site in
place (It's still, of course, not there completely yet, but in relative terms
it appears to have gone further than many others) is the fact that, as they
went about that business, they did not have the debate and discussion and the
activities within California complicated by this matter of "Well, now what
about waste forms from State x or y or z; and how does that impact this burden
we're imposing on a site in the Mojave Desert or the citizens of California."
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Given that this is really the issue as far as degree of difficulty, I

reformulate that earlier question and say "Who or what would be a more

effective agent for securing sites?"

That leads me to the last of these three issues I mentioned at the

onset, and that is to question whether or not we have too many sites on the

horizon. Some of the elements of this issue are that the volume of low-level

waste does not justify 12 sites, or 16, or 10, or however many we appear to be

troubled with.

Secondly, the proliferation of the sites is going to raise disposal

costs. That in turn leads to reducing economies of scale, which can adversely

impact safety. Finally, this whole regime, taken in substance, is Balkanizing

the waste disposal system, which (means) the low-level radioactive waste

disposal system in this country is complicating matters rather than improving

them.

I view this whole proliferation idea as a market analysis; say, for

instance your marketing department presents you with an analysis to help you

evaluate whether you will make a given move, not make the move, or determine

what kind of move you're going to make. Clearly we all recognize we're

dealing with a policy issue. The issue here is not how many sites are too

many or too few or just right, but whether any sites at all and what is the

mechanism for achieving them.

Again, I say this whole perception that we're headed pell-mell for too

many sites in this country (given the far" that we are now counting 20 years

since the last one was opened) doesn't pose <*n imminent threat. The issue is

also not what is the cost of waste disposal, but what is the cost of public

acceptance. Again, in marketing terms it seems to me we are back to this

question, "What are the options, in looking at our governmental system, for

determining what that clearing price of public acceptance is going to be?".

If we are not going to stay with this idea of States taking the primary lead

in all this, then one obvious fallback is to go back to the numbers and staff

and Science and Technology Committee of 15 years ago.
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If you do that, I think the lessons of this year are fairly clear.
Congress' approach will be to dictate the price of public acceptance, as they
have done in the matter of hi^h-level waste when they scrapped the national
program for siting facilities and just made a simple determination that we
will bury these materials under a mountain in the State of Nevada. They did
the same thing with the Alaska pipeline legislation back in the 1970s when
they determined that, based on national priorities and national need, the
dictates and the principles of NEPA [the National Environmental Policy Act]
would have to be bent somewhat. They weren't trying to eliminate it entirely,
but they were dictating an outcome in determining that the whole process would
have to follow the timetable and the course that they set down.

Now there are some who would suggest that some large eastern States
would be very comfortable with Congress dictating this price of public
acceptance based on the valid premise that Congress would start from the
principle of lots of 10,000 square miles of kitty litter, lots of available
arid space found in western States, particularly ones with ^jery small
congressional delegations. :

Later on in this conference you will hear from a staff;member from one
of the Senate committees on this subject. I think he's going to point out why
going back to Congress is really not a viable option. And I don't know for
certain, but I suspect that, at root, what he is going to argue is that it
can't happen because it won't happen because this is simply not a priority for
Congress. If you want to be cynical about it, you can say they washed their
hands of it five and ten years ago, and they aren't going back to the sink to
do that once again. The national government is like all the rest of us; it's
got 24 hours in its day too. They have to set priorities, and I think that's
one very legitimate response for them to take in the vast expanse of time and
space; this is not a priority for the national government to try and wrestle
with. I go a step further and say that beyond that, that's not the right
level within our Federal government system to address this matter.

xvi



The use of technology (and the materials that create this waste by-
product called low-level waste) has become diverse, ubiquitous, and intrusive
throughout our society and our communities all around this country. This
field of low-level waste management is one which has been, and continues to
be, involved in dramatic change.

Tomorrow we'll spend time in various sessions in which we talk about
even more changes that are on the horizon, and the challenges those will
bring. I believe that, when you are dealing with a public policy matter, with
heavy involvement from citizens and the private sector, but one that
ultimately has to operate under the umbrella of government and public policy,
the kind of diversity, the openness that is encouraged by dealing with it at
the state level is much to be desired. It's not easy; nobody ever said it
would be.

So, it is tough, but I think, out of this kind of dialogue, time,
debate, discussion, that's what's going to give us the best long-term
solution. I don't want anyone to walk out of here this morning with the
impression that I think that the national government through it's various
offices and agencies would be incapable of handling this matter (although I am
mindful that these are the same departments that brought you an AFR and an
RSSF and an MRS and a high-level waste repository over the last 20 years).

I don't think it's a matter of their being incompetent, but we've also
seen the kind of burden that the national government (principally the
Department of Energy, which has been responsible for operating their
facilities over the years) now has to deal with and the legacy they have to
deal with. They have some real challenges confronting them, and I think it
would be inappropriate as a matter of public policy, to suddenly pull
everything back under this one umbrella and say that this is the most
effective way of handling it. With the heavy involvement of State officials,
elected and appointed staff, and private sector and citizens groups, we will
get the most enduring long-term solutions to this problem.
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MIXED WASTE

A GENERATOR'S PERSPECTIVE

Jeanne K. Krieger
NEN Research products

DuPont Medical Department
Boston, MA 02118

Compounds labelled with carbon-I4 and tritium are used worldwide as
tools for fundamental research in academic biochemical and medical
research laboratories. Mixed waste, waste that is both hazardous and
radioactive, is generated in the manufacture of these vita's products.
DuPont NEN Research Products has reduced the mixed waste originating in
labelled chemicals' manufacture by 30% over the past year. Application
of innovative waste minimization strategies will continue to reduce the
volume of waste, but not eliminate it. As long as radiolabelled
compounds are synthesized, mixed waste will be generated and disposal
or treatment capacity will be needed.

SOURCE OF MIXED WASTE IN LABELLED CHEMICAL MANUFACTURE

At DuPont the 900 or so catalog compounds labelled with carbon and
tritium are prepared in discrete batches in a laboratory environment by
a highly skilled workforce. Chemists with a minimum of a B.S., more
often a M.S. or Ph.D. craft these labelled compounds at an average
frequency cf 6 times/year for tritium and 2 times/year for carbon,
using standard techniques of organic synthesis and purification. The
scale of the reactions is small. Usually the volume of the
radiolabelled species is so slight it is not readily visible.
Typically 50 ml (<2 fl.oz) of solvent are used in a series of
synthetic steps and perhaps a liter (~1 quart) of solvent results from
purification procedures. Mixed waste originates when these organic
solvents used in the synthesis and purification steps become entrained
with radioactivity. In the case of carbon-14, the radioactive species
is present as a discrete solute at concentrations too low to separate
by standard chemical or physical techniques. Tritium is often
incorporated directly into the solvent by chemical exchange. For this
isotope, the radioactive and hazardous chemical species are the same.
Even labelled products themselves, i.e., labelled benzene or toluene
must be classified as mixed waste when disposed.

Compounds labelled with carbon-14, tritium, sulfur-35 and
phosphorous-32 are used worldwide as research tools to conduct a
variety of biochemical and medical research investigations. For many
of these applications, the labelled compound ultimately is dispersed in
scintillation fluid or animal carcasses. Waste resulting from these
laboratory operations is disposed of largely as de minimus or by hold
for decay techniques. Those using labelled compounds do not, in
general, have the same waste disposal problems as those who synthesize
labelled compounds.



The exquisite sensitivity of a radioactive tag permits detection of
chemical species at concentrations too low to be detected by
conventional chemical techniques. Use of radiolabels facilitates
experiments unattainable by other methods, for the radioactive tag does
not perturb the system under scrutiny. Indeed the work for ten of the
last fifteen Nobel Prizes awarded in Physiology and Medicine could not
have been done without the availability of labelled compounds. Each
new drug requiring FDA approval is synthesized as a labelled analog for
biodistribution studies. Labelled synthesis is a prerequisite for EPA
registration of agricultural chemicals such as herbicides and
pesticides to trace environmental residues. Labelled compounds play a
significant role in shaping the national health. The risks to public
health, associated with diminished availability of these critical
compounds, far exceeds the risks associated with disposal of the waste
from manufacture of these compounds.

MIXED WASTE CHARACTERIZATION

Mixed waste resulting from the synthesis of labelled compounds at
DuPont NEN Research Products is thoroughly characterized by volume,
activity concentration and chemical composition. The volume of mixed
waste, generated in the laboratories in 1990 is estimated to be of the
order of 5,000 liters, 30% below 1989 levels. When prepared for
storage by adsorption on diatomaceous earth, the volume increases by a
factor of 2-4, depending upon the conditions employed. The average
activity of the carbon containing material is on the order of uCi/ml;
for the tritium containing material, 100's of uCi/ml. Consequently,
appropriate steps must be taken to protect the worker and the
environment from the radiological hazards. The activity content of
this waste dictates the use of radiological precautions, yet is orders
of magnitude below concentrations where isoloation of the radioactivity
is practical as a treatment alternative.

The chemical composition of the waste is defined by solvents commonly
used in organic synthesis: protic solvents such as ethanol and
methanol, aromatics, ethers and ketones. During laboratory activities,
the precautions used to handle the radioactive components, e.g.,
protective clothing, vented enclosures are more than adequate
protection for the chemical hazards.

MIXED WASTE MINIMIZATION PROGRAMS

DuPont NEN Research Products has a strong commitment to waste
minimization, based upon line management involvement. Successful waste
minimization programs are dependent upon an understanding of the
process. Those who make the waste are in the best position to devise
techniques for minimization. DuPont has a strong awareness program;
the work force is expected to participate in waste reduction programs.
Reports of monthly volumes of waste generated by type, are provided to
laboratory personnel to monitor the effectiveness of their reduction
programs.



This commitment to waste minimization stems from the 1979 closing of
the three disposal sites, when DuPont realized that continued access to
the waste sites was a political issue, one over which the generators
had little control. DuPont chose to minimize their dependence on the
waste sites by reducing the volume and activity of waste through
technological innovation.

Specific waste strategies have been applied to minimize mixed waste.
Source minimization can be achieved by judicious selection of reaction
conditions to minimize the use of hazardous solvents. Changing the
solvent to one that is higher boiling and consequently not a RCRA
classified chemical is one technique. Changing the chromatographic
method to one that is less solvent intensive is another. Use of
supercritical fluid chromatography and solid state flow through'
detectors are being introduced as alternative chromatographic methods.
Each of these will lead to small, incremental decreases in the mixed
waste. Each technology change must be specifically adapted to one of
the 900 or so compounds, a process that is time consuming and not
necessarily assured of success. Consequently, waste minimization will
occur, but the process will be slow and deliberate.

Waste minimization can be achieved by enhanced segregation and process
improvements. Mixed waste as generated contained a large aqueous
component. The aqueous layer has been segregated in the laboratory,
resulting in a decrease in the volume of generated mixed waste. If
products are stabilized and do not have to be synthesized as
frequently, waste is reduced. Similarly, yield improvements result in
volume reduction, All of these strategies are being applied to mixed
waste, but in an incremental fashion. As long as labelled compounds
are synthesized, some mixed waste will be generated.

TREATMENT STRATEGIES

Treatment strategies need be considered. The concentration of
radioactivity in the waste is too low to consider physical separation
of the radioactive component. If the waste cannot be rendered
non-radioactive, at least it can be rendered non-hazardous by
appropriate treatment technology. Two treatment strategies are
germane, solidification and thermal degradation. Delisting via
solidification would require identification of a polymeric matrix
capable of entraining a variety of organic solvents. None has been
identified, and the success to date of delisting petitions has been
minimal. An alternate approach is thermal degradation; converting the
mixed waste to radioactive non-hazardous carbon dioxide and tritiated
water, which can be disposed of by standard procedures. Among the
techniques that have been considered are microwave pyrolysis,
combustion, both conventional and catalytic, supercritical fluid
oxidation, and electrochemical destruction. These systems require
minimal external fuel and can be run as closed systems, facilitating
the required containment of the radioactive effluent.



None of these treatment protocols has been developed for disposal of
radioactive waste. Considerable engineering and development effort is
required to verify the technical efficacy of these treatments.
Unfortunately, successful development of these techniques from an
engineering viewpoint is only half the battle. When evaluating these
treatment techniques more than simple technical issues need be
considered. Processing of mixed waste by any of these techniques may
well require a RCRA Class 8 permit, an approach that because of high
level of public involvement and procedural uncertainty has a low
probability of success. Through minimization and recycling programs,
the labelled chemicals' industry has demonstrated a commitment to
environmentally sound waste practices. Our waste treatment initiatives
are being frustrated by the prevailing restrictive definitions of mixed
waste.

CONCERNS

Foremost is the need for disposal capacity. The complexity of
licensing a facility to meet requirements of two agencies has resulted
in having no facility licensed for disposal of mixed LLW. For this
particular mixed waste stream, radiological hazards control should
prevail. The public safety and environment are adequately protected by
the body of radiological management practices which regulate the entire
labelled chemicals industry. Safe radiological management practices
extend to waste management.

Interim storage at institutional facilities is creating a practice of
"second-best" waste management. Storage of mixed waste, even at RCRA
licensed facilities does not provide the security of a LLW disposal
facility. Mixed waste characterization is incomplete, because
generators are encouraged to deny the existence of nixed waste to avoid
penalties for improper storage. The selection of stabilization
materials for storage may be confounding potential treatment options,
because of the difficulties of recovering the neat solvent.

If disposal capacity is not readily available then the next alternative
is the availability of a treatment facility. What are the impediments
to a state or compact siting a national mixed waste treatment facility
for solvents containing carbon-14 and tritium? Such a facility would
address a national waste problem and should thereby assure the host
state access to existing site for its LLW. Development and
implementation of environmentally sound, technical programs should not
be encumbered by political barriers. We need innovative policy as well
as innovative technology to resolve the mixed waste issue.



DETERMINING HOW MUCH MIXED WASTE WILL REQUIRE DISPOSAL
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INTRODUCTION

Estimating needed mixed-waste disposal capacity to 1995 and beyond is an essential
element in the safe management of low-level radioactive waste disposal capacity.
Information on the types and quantities of mixed waste generated is needed by
industry to allow development of treatment facilities and by states and others
responsible for disposal and storage of this type of low-level radioactive waste. The
design of a mixed waste disposal facility hinges on a detailed assessment of the types
and quantities of mixed waste that will ultimately require land disposal.

Although traditional liquid scintillation counting fluids using toluene and xylene are
clearly recognized as mixed waste, characterization of other types of mixed waste
has, however, been difficult. Liquid scirtillation counting fluids comprise most of the
mixed waste generated and this type of mixed waste is generally incinerated under
the supplemental fuel provisions of the Resource Conservation and Recovery Act
(RCRA)1 Because there are no currently operating mixed waste land disposal facilities,
it is impossible to make projections of waste requiring land disposal based on a
continuation of current waste disposal practices. Evidence indicates the volume of
mixed waste requiring land disposal is not large, since generators are apparently
storing these wastes. Surveys conducted to date confirm that relatively small
volumes of commercially generated mixed waste volume have relied heavily on
generators' knowledge of their wastes. However, many generators of radioactive
waste are unfamiliar with hazardous waste designations and regulations. Additionally,
many generators fear self-incrimination since long-term storage of several types of
untreated mixed waste is prohibited under RCRA. Evidence exists that many
generators are confused by the differences between the Atomic Energy Act and the
Resource Conservation and Recovery Act (RCRA) on the issue of when a material
becomes a waste. Other survey techniques may more consistently apply regulatory
definitions and waste designations, yet these other techniques tend to be significantly
more expensive and lack the generators' in-depth understanding of the waste.

Even in those states understanding how much mixed waste is generated, most lack
an understanding of how much of that waste will ultimately require land-based
disposal as mixed waste. Complicating projections of mixed waste disposal are recent
regulations prescribing treatment levels for hazardous waste. Because of uncertainty
on the amount and types of mixed waste currently being generated, few commercial
facilities have committed the necessary resources to develop treatment to comply
with the requirements of 40 CFR 268. Since the radioactive waste management



industry has been slow to develop treatment facilities for what is generally perceived
as a small quantity of waste, little data are available on actual volume
reductions/increases as a result of treating mixed waste to meet standards of the
Resource Conservation and Recovery Act (RCRA).

In spite of these uncertainties, estimates of waste volumes requiring disposal can be
made. This paper proposes an eight-step process for such estimates.

STEP ONE: CLASSIFY WASTE

In order to determine how much waste will require land disposal, the types and
amounts generated must be determined. Waste classification systems exist for both
commercial low-level and hazardous waste. Under RCRA, the generator is required
to determine if the waste is hazardous. This is done by determining if the waste is
excluded under 40 CFR 261.4, is listed under 40 CFR 261, Subpart D, or if the waste
is characteristically hazardous as defined in 40 CFR 261, Subpart C. The
Environmental Protection Agency (EPA) has assigned waste codes for each type of
hazardous waste.

Similarly, the Nuclear Regulatory Commission (NRC) has established criteria for
classifying radioactive waste as either Class A, B, or C, stable and unstable, per 10
CFR 61.55 and interpretive branch technical positions on the subject of waste
classification and stability.

For example, a researcher discarded a tritium labeled pesticide, endrin, in a liquid
scintillation cocktail with an initial tritium concentration of 0.1 microcurie per ml. In
this hypothetical case, the researcher recognized he was generating a mixed waste
for which there was no readily available treatment or disposal method. Consequently,
the researcher absorbed the liquid onto a diatomaceous earth absorbent for safe
storage pending development of treatment or disposal capacity. The annual
generation rate of this waste is one gallon of liquid, which results in the generation
of 3 gallons of absorbed liquid.

In this example, the waste would consist of xylene and toluene, organic solvents
listed in 40 CFR 261.31 as F003 and F005, respectively. Wastes designated as
F003, are listed due to the characteristic of ignitability, and wastes designated as
F005 are listed due to toxicity. The pesticide endrin is known from process
knowledge to be present in the waste in concentrations greater than 0.02 mg/l. Thus,
this waste is classified under RCRA as both a listed waste and a characteristic waste
(for toxicity and ignitability). The radioactive classification for this waste is Class A,
unstable. The concentration of tritium in the waste does not automatically qualify for
exemption under the NRC's rule governing liquid scintillation counting, 10 CFR
20.306.



STEP TWO: AMOUNT IN STORAGE

Because no land disposal facilities have accepted mixed waste since 1985, it is
possible that a significant volume of mixed waste is in storage. Because waste
treatment levels have only recently been specified (55 FR 22520), wastes generated
prior to summer, 1990 may not be in a form that is compatible with EPA's
recommended or required treatment. Consequently, it is important to determine the
volume of waste in storage and the form of that waste.

Using the example above, there are 12 gallons of absorbed waste in storage. The
absorbent used was an inorganic diatomaceous earth granular product. There are also
two-one gallon containers of liquid scintillation vials, each with 15 ml of liquid
scintillation fluid, layered in the same absorbent, with twice the absorbent necessary
to contain the liquid.

STEP THREE: CURRENT GENERATION RATE

Because past practices cannot be assumed to be representative of current waste
generation practices, knowledge of current waste management practices is needed
to provide valid estimates of the types and quantities of waste generated.

The researcher in the above example has become knowledgeable about EPA's land
disposal restrictions and has decided not to mix his waste with absorbent anymore.
This year the researcher will empty (or crush) his liquid scintillation vials and triple
rinse the vials. The researcher generates one gallon of liquid scintillation fluid and one
gallon of ri.isate.

STEP FOUR: FUTURE GENERATION RATES

Because past practices cannot be assumed to continue, future waste generation must
be closely evaluated. When evaluating future waste practices, not only must the
technical nature of the waste be evaluated, but also the likely behavior of the waste
generator. Past predictions of low-level waste generation have largely been inaccurate
because the behavioral aspects of the waste manager were largely neglected. For
example, many states overestimated the volume of waste expected for disposal in
1986, neglecting the powerful impact that a $ 10 per cubic foot surcharge would have
on the total volume of waste needing disposal. Since one state is projecting mixed
waste disposal will cost on the order of $15,000 per cubic foot2, a similar
overestimate of mixed waste volume could be anticipated if a behavioral reaction to
the economics of mixed waste disposal are neglected. While the effect of behavioral
factors may be impossible to estimate numerically, they must be considered in
evaluating estimates of future waste generation.



In the example cited previously, the field of research involving tritium and endrin is
likely to continue for five more years. It could therefore be assumed that the
researcher will continue to generate the same waste at the same rate of one gallon
per year of liquid for each of the next five years. However, behavioral factors should
also be considered. In response to projected disposal costs, is the researcher likely
to change waste management practices. For example, the rinsate could be disposed
of under the Clean Water Act by discharge to a publicly owned treatment works
(POTW), in full conformance with EPA and NRC requirements. The research protocol
may be change to reduce the concentration of tritium in the waste. Alternatively, it
may be possible to aggregate this liquid scintillation counting waste with other liquid
scintillation counting wastes (note: aggregation is not dilution) reducing the
concentration of tritium to the point where the waste may be exempted from disposal
as radioactive waste. This waste aggregation may also reduce the concentration of
eldrin below characteristic levels. If these or other waste management techniques are
employed, it is possible that no mixed waste will require land disposal.

STEP SIX: REQUIRED TREATMENT

EPA has prescribed treatment levels that all hazardous waste must meet (40 CFR 268)
prior to land disposal. These treatment levels are either specified concentrations of
hazardous contaminants in the waste itself, in an extract of the waste, or a prescribed
treatment method. All waste must meet these treatment levels (or receive an
exemption from EPA) in order to be land disposed. NRC has also prescribed waste
form requirements that all low-level radioactive wastes must meet in order to be
disposed in a shallow-land burial facility (10 CFR 61.56). Since mixed waste is
regulated under RCRA and the AEA, it must meet the requirements of both 40 CFR
268 and 10 CFR 61.56 prior to land disposal.

Using the same example waste, the ignitable characteristics of the waste must be
deactivated (DEACT) so that the waste is no longer ignitable, and the toxic
characteristics must be treated either by biodegradation (BIODEG) or incineration
(INCIN). In order to meet the treatment standards for the organic constituents,
however, the concentrations of xylene (F003) and toluene (F005) in an extract of the
waste residue must not exceed 0.15 mg/l of xylene or 0.33 mg/l of toluene.
Additionally, the waste residue may not contain more than 0.13 mg/l of endrin. The
treatment requirements under 10 CFR 61.56 are less technically demanding in that
the waste must not contain any free-standing liquid. If the waste cannot meet the
RCRA treatment requirements, a treatability variance may be sought from EPA.

STEP SEVEN: EFFECT OF TREATMENT ON VOLUME

Knowing the required treatment provides some insight into how the waste must be
treated, but provides little firm evidence on the nature of the waste after treatment.
With no operating treatment facilities for this waste, it is difficult to predict how the
waste will actually perform during treatment. For example, the literature suggests
that volume reduction factors on the order of 100 to 1,000 can be exDected for
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incineration of some organic wastes3. Incineration of the waste would comply with
the required treatment for the toxic and ignitable characteristics and is the
recommended treatment for the xyiene and toluene. However, it is not known
whether these performance-based concentrations will be met by incineration. If
additional stabilization of the waste were required, volume reduction factors could be
considerably less.

Considering the example waste and based on considerable experience with non-
radioactive hazardous waste, it could be conservatively assumed that incineration of
the example waste will be the method of choice. Volume reduction factors of from
1:1,000 to 1:100 could be expected for the liquid waste. However, due to difficulties
involved with incinerating the waste in storage that was already absorbed onto
diatomaceous earth, no net volume reduction can be realized during treatment for this
stored waste. In fact, there may need to be additional stabilization of this waste,
thereby increasing the volume.

STEP 8: PROFESSIONAL JUDGEMENT

Until facilities are developed for treatment of mixed waste and operational history has
been demonstrated, professional judgement must be interjected into estimates of
future waste generated. Estimates of expected volumes must be tempered by
considering the behavior of the generator with regards to product substitution,
continued need to generate the waste, the effect of small quantity generator
allowances and other regulatory relief, and any alternative waste management efforts
that might be employed for each source of waste. Estimates must also be tempered
by considering regulatory uncertainties with regards to granting treatability variances,
delisting petitions, no migration petitions, and other types of regulatory relief.
Sensitivity analyses should be performed to test the effect of changes to the
assumptions used in the estimation process.

Continuing with the same example waste, a comparison of the total waste generated
with the total waste requiring disposal under both favorable and unfavorable
assumptions is presented in Table 1. The favorable assumptions were chosen to
minimize the waste requiring land disposal as mixed waste; the unfavorable
assumptions were chosen to maximize the waste needing disposal as mixed waste.
Depending on the assumptions used, the volume of waste requiring land disposal as
mixed waste could range from none to approximately 50% of the original volume.
The greatest factor affecting the final volume requiring disposal for this example
waste is not future generation of the waste, but past waste management practices
affecting stored mixed waste.



SUMMARY

Many uncertainties exist that affect the accuracy of mixed waste projections. The
uncertainties can be classified as technical, regulatory, and behavioral. Included
among the technical uncertainties is the lack of demonstrated and operating mixed
waste treatment technologies compatible with 40 CFR 268 treatment standards.
Regulatory uncertainties also exist including the potential effect of treatment variances
and petitions for delisting of certain wastes which may or may not be granted.
Behavioral uncertainties include the continued likelihood of generation of mixed waste
in the same quantities and forms that were generated in the past.

In spite of these uncertainties, estimates of the volumes and types of mixed waste
requiring disposal can be made. These estimates should be tempered, however, with
a combination of uncertainty analyses and professional judgement.
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TABLE 1
COMPARISON OF WASTE GENERATED AND

WASTE REQUIRING DISPOSAL
(Volume in Gallons)

Type ot Waste
Generated

Waste in
Storage

Currently
Generated
Waste

Future Waste
Generated

TOTAL

Total Volume
Generated

12 gallons
absorbed

2 gallons vials
in absorbent

1 gallon LSC

1 gallon
rinsate

Maximum of
5 gallons LSC

5 gallons
rinsate

26

Total Volume
Disposed-
Minimizing
Assumptions

0 a

0"
(0.002)8

0a

(0.001 )e

0"
(0.001 )e

0a

(0.005)8

0"
(0.005)8

0
(12.012)

Total Volume
Disposed-
aximizing
Assumptions

12b

(12)c

2.0d

0.01*

0.01 f

0.05*

0.05'

14.11

The treated waste is delisted.

The treated waste showed no volume reduction because of the absorbent used

The waste was treated but not delisted. No volume reduction could be realized
because of the absorbent used.

The vials in storage were not all intact, therefore no volume reduction following
treatment.

Treatment provided a volume reduction factor of 1,000.

Treatment provided a volume reduction factor of 100.
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REGULATORY ASPECTS OF MIXED WASTE

Regis R. Boyle and Dominick A. Orlando
Regulatory Branch

Division of Low-Level Waste Management
and Decommissioning

U.S. Nuclear Regulatory Commission
Washington, D.C.

1. BACKGROUND

Mixed waste is waste that satisfies the definition of low-level

radioactive waste in the Low-Level Radioactive Waste Policy Amendments Act of

1985 (LLRWPAA) and contains hazardous waste that is either: 1) listed as a

hazardous waste in 40 CFR 261, Subpart D; or 2) causes the waste to exhibU

any of the characteristics identified in 40 CFR 261, Subpart C. Low-level

radioactive waste is defined in the LLRWPAA as radioactive material that is

not high level waste, spent nuclear fuel, or byproduct material, as defined in

Section lle(2) of the Atomic Energy Act of 1954, and is classified as low-

level waste by the U.S. Nuclear Regulatory Commission (NRC).

Various statutes at least partially address mixed waste. Briefly they

are:

1. The Atomic Energy Act (AEA) of 1954: This law established the

Atomic Energy Commission (now NRC) as the Federal agency having

responsibility for the regulation of source, special nuclear, and

byproduct material.

2. The Solid Waste Disposal Act (SWDA) of 1965: This was the first

Federal solid waste statute. It was enacted for the primary purpose

of improving solid waste disposal methods.

3. The Resource Conservation and Recovery Act (RCRA) of 1976: This

amendment to the SWDA was enacted as a framework for the management

of both hazardous and non-hazardous waste.
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4. Hazardous and Solid Waste Amendments (HSWA) to RCRA (1984): These
amendments to RCRA established the Land Disposal Restrictions
treatment standards for waste before land disposal and schedules
under which the Environmental Protection Agency (EPA) must develop
these treatment standards.

5. The Low-Level Radioactive Waste Policy Amendments Act of 1985:
Established deadlines for States and Compacts to develop new
disposal capacity for low-level radioactive waste.
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2. DUAL REGULATORY RESPONSIBILITY

NRC and NRC Agreement States regulate the commercial use and disposal of
source, byproduct, and special nuclear material, as defined in the AEA. EPA
and EPA Authorized States regulate the storage, treatment, and disposal of
materials that contain hazardous chemical components, as defined in RCRA.
Mixed waste, because it contains both a radioactive component and a hazardous
component, is subject to the requirements of both the AEA and RCRA. This dual
regulatory responsibility has evoked comments from the Federal, State and
private sectors, based, in part, on the idea that there may be inconsistencies
in the specific requirements of RCRA and the AEA. Although no literal
inconsistencies have been found between the requirements of RCRA and the AEA
to date, NRC recognizes that there may be concerns about the application of
NRC and EPA regulatory requirements. NRC considers dual regulation to be
unnecessarily burdensome and wasteful. However, without further legislation,
dual regulation of mixed waste will continue. In response to an inquiry by
Congressman Morris Udall, NRC Chairman Carr outlined this position on dual
regulation, but recognizing the constraints imposed by current legislation,
stated "It is our hope that the joint approach to the mixed waste issue that
we and the EPA have established will lead to the successful development and
operation of mixed waste disposal facilities as the States move forward to
carry out their responsibilities under the LLRWPAA of 1985. We are committed
to making this approach work. If the joint approach proves unsuccessful,
however, it may well be that further legislative consideration of this matter
will be necessary to achieve the objectives of the LLRWPAA."

The NRC and EPA staffs have been working to resolve the issues of
concern that generators and storage, treatment, and disposal facility
operators have about the application of both agencies' regulatory requirements
to mixed waste. To this end, NRC and EPA are developing joint guidance
documents, hosting workshops for Federal and State regulators, and sponsoring
the development of a national profile on mixed waste volumes, characteristics,
and treatability.
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3. OVERVIEW OF JOINT NRC/EPA GUIDANCE

There are presently six guidance documents that have been published or
are being developed by the NRC and EPA staffs. The concept of joint guidance
documents arose early in the NRC/EPA interactions as a methodology by which
those areas of overlapping regulatory responsibility could be addressed. A
description and the present status of each guidance document follow.

3.1 Published Guidance

• "Guidance on the Definition and Identification of Commercial Mixed
Low-Level Radioactive and Hazardous Waste--This guidance was first
published for comment in April 1987, and the final guidance was
published in October 1989. It is intended to help commercial waste
generators identify mixed low-level waste. It provides the
generator with a definition of mixed waste and a step-wise system to
determine if the waste meets this definition.

The guidance allows the generator to determine the status of the
waste, based on his knowledge of the materials and processes
involved in the waste generation, or by testing the waste.

• "Combined NRC/EPA Siting Guidelines for Disposal of Mixed Low-Level
Radioactive and Hazardous Waste--This guidance was published in June
1987 to address the concern that confusion about mixed waste
disposal siting requirements could hinder development of future low-
level waste disposal sites and compliance with the milestones
established under the LLRWPAA. By combining the existing technical
requirements, standards, and guidance of both agencies, NRC and EPA
formulated 11 guidelines intended to help States and compacts
develop siting plans for low-level waste disposal facilities that
may receive mixed waste. These guidelines address the geologic and
hydrologic characteristics of a site, identify technical as well as
legal disqualifying features for potential sites, specify that a
disposal site should provide a stable foundation for engineered
containment structures, and place primary emphasis, for
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determination of site suitability, on ensuring that the long term

performance objectives of 10 CFR 61 will be met.

"Joint NRC/EPA Guidance on a Conceptual Design Approach for

Commercial Mixed Low-Level Radioactive and Hazardous Waste Disposal

Facilities"--This guidance offers a conceptual design that satisfies

EPA's prescriptive requirements for liners and leachate collection

systems and NRC's performance requirements for the minimization of

contact of the waste with water. A design of this type should be

able to satisfy the long-term stability requirements of NRC and the

30-year maintenance requirements of EPA. This guidance was

published in August 1987.

3.2 Guidance Documents Under Development

"Requirements for Mixed Waste Storage"--This guidance will address

the problems imposed by EPA's hazardous waste storage requirements

and the provisions in generators' radioactive materials licenses

that may allow for the decay of radioactive material as an

acceptable method of disposal, as well as the provisions of the

generators' As Low As Reasonably Achievable (ALARA) Program. A

first draft is under review by NRC and EPA.

"Procedures for Mixed Waste Characterization"--This guidance will

address the special procedures necessary for hazardous waste

characterization and the need to consider occupational exposures

during testing. The final review of the first draft is underway at

EPA.

Licensing/Permitting Mixed Waste Disposal Facilities--This guidance

will be developed for the purpose of allowing an individual to

submit a single application for both an NRC license and an EPA

permit. The intent of such guidance would be to develop a single

permitting or licensing process for mixed waste facilities. A scope

of work document has been developed by EPA, but, to date, a

publication target has not been established.
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A guidance document on the inspection of mixed waste disposal
facilities, which has been under development, is in the process of being
rewritten as an EPA inspectors' handbook for radioactive materials.
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4. WORKSHOPS

NRC and EPA have sponsored and will continue to sponsor workshops and

meetings to inform Federal and State regulators of the requirements of RCRA

and the AEA and of the issues involved in mixed waste management. A

description of current and planned workshops follows.

• EPA Permit Writers' Workshops—These workshops are primarily for EPA

permit writers and inspectors, but are open to NRC and State

personnel, as well. The workshops are directed toward those

individuals who routinely deal with mixed waste issues on a daily

basis. To date these workshops have been held in Santa Fe, NM, on

November 27-28, 1989; Chicago, IL, on March 6-7, 1990; Washington,

D.C., on May 14-15, 1990; Denver, CO, on June 19-20, 1990; Buffalo,

NY, on July 31-August 1, 1990; and Oakland, CA, on September 5-6,

1990. Workshops included site visits to Los Alamos and Argonne

National Laboratories, the Rocky Flats Plant, and the West Valley

Demonstration Project.

• NRC Regional Inspectors' Workshops--These workshops are currently

under development at NRC. The focus of these workshops will be to

familiarize NRC inspectors with the requirements of RCRA, so that

they will understand the problems associated with mixed waste

management. The workshops should provide NRC inspectors with enough

knowledge of RCRA to recognize a potential hazardous waste problem

at the NRC licensees' facility and alert their EPA counterparts to

the potential problem. A similar arrangement exists with the

Occupational Safety and Health Administration.

• NRC Agreement State Regulators' Workshops--NRC is providing and will

continue to provide speakers at workshops sponsored by Agreement

State regulatory agencies. The next state workshop at which NRC has

been requested to provide a speaker is being held by the State of

Florida on November 27-29, 1990.
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National Host State Meetings

On May 16-17, 1990, the first meeting of States that will host low-

level radioactive waste disposal facilities was held in

Washington D.C. In addition to representatives of the Host States,

the meeting was attended by representatives of the NRC, EPA, the

Low-Level Radioactive Waste Forum, disposal site operators, and

contractors. The meetings was largely an information exchange forum

between the States and Federal regulators. The meetings provided

EPA and NRC with suggestions on future guidance, and it was

suggested that another meeting be held in 6 months.
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5. NATIONAL MIXED WASTE SURVEY

In May 1990, a request was received by NRC and EPA from the Host State
Technical Coordinating Committee (TCC) to compile a profile on the volume and
characteristics of commercially generated mixed wastes. The TCC believed that
this information is needed to help States, Compact officials, private
developers, and Federal agencies plan and develop treatment and disposal
facilities for mixed waste. NRC agrees with the TCC position and thinks that
current information on mixed waste quantities and characteristics is
inadequate. In July 1990, NRC met with EPA, DOE, and Oak Ridge National
Laboratories (ORNL) to discuss ORNL's capability to conduct this type of
survey. As a result of this meeting, and continued discussions between NRC,
EPA, and DOE, a Standard Order for DOE Work was submitted to ORNL in August,
outlining the Scope of Work (SOW). The purpose of the survey, as stated in
the SOW, is to reduce uncertainties with respect to the volumes,
characteristics, and treatability of commercially generated mixed waste. NRC
intends to coordinate this activity with the TCC, on a routine basis, so that
the end result of the study is responsive to the needs of the TCC members.
Results of the survey will be published as a NUREG and will be available for
use by the public. The survey is divided into three phases. The tasks and
subtasks associated with each phase of the survey are detailed below.

Phase 1 of the survey wi^l consist of an evaluation of existing data on
mixed waste volumes and characteristics, to determine if these data are
adequate to use as the basis for a national mixed waste profile. Phase 1 will
include a literature search for data on mixed waste, focusing primarily on
results from past mixed waste survey reports. A summary of problems on
results from past mixed waste survey reports. Phase 1 will also identify the
basis for determining the adequacy of the data, identify the data parameters
and information configurations for a mixed waste profile, and propose a method
of compiling the existing data, if it is determined that the existing data are
adequate to meet the stated objectives of the survey.

Phase 2 of the survey will be implemented if it is determined that the
specifications of the computer database, and a description of the data from
previous surveys are not adequate to compile a national mixed waste profile.
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Phase 2 of the survey consists of three tasks. The first task involves the

development of a data collection plan. This will include a formal statement

of the objective and scope of the plan, a description of the approach and

method of data collection, a description of the type of data to be collected,

an estimate of the impact on the survey population (needed for Office of

Management and Budget clearance), a description of the specifications of the

computer database, and a description of the data analysis to be performed.

The second task will be to develop the tool or tools needed to collect the

data. This task will require a proposal of the data parameters, information

configuration and the tool(s) to be used to conduct the survey. It will also

require that the tool(s) be tested on a limited sample population and, if

needed, a revision of the tool(s) before finalization. The third task will be

the actual collection and analysis of the survey data. Presently the survey

population size and makeup are being evaluated and, as such, cannot be

outlined here.

Phase 3 of the survey will consist of the preparation of a national

mixed waste profile report. This report, which will be published in NUREG

form, will identify mixed waste volumes and characteristics, treatment

technologies, and organizations offering these waste treatment technologies.

It is estimated that the entire project will take between 12 and 18 months to

complete.

The preceding sections have described the activities that NRC and EPA

have undertaken to address the issues surrounding mixed waste. The following

outlines current mixed waste uncertainties and summarizes the future mixed

waste activities as envisioned by NRC.
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6. PRINCIPAL MIXED WASTE UNCERTAINTIES

Volume of Mixed Waste--Informalion on the volume, characteristics,
and treatability of mixed waste needs to be updated and correlated
to assist those individuals making decisions on future mixed waste
disposal needs. Issues such as the total volume of mixed waste that
must be disposed of complicate the siting of disposal facilities and
storage and disposal of waste within compacts. Until this type of
information is readily available, coordination of plans for disposal
facilities on a national scale may be delayed. It is expected that
the survey outlined above will satisfy this need.

Storage, Treatment, and Disposal of Mixed Waste--Concerns exist over
the compatibility of EPA storage requirements for RCRA wastes with
NRC's requirements for storage of nuclear wastes. There are also
concerns over the time prohibitions on the storage of waste, unless
an EPA permit is possessed by the generator, and waste inspection
requirements (see below). Concerns also exist over the possibility
of increased exposures, due to EPA treatment requirements, and the
problem of the current lack of a licensed and permitted mixed waste
disposal facility. The latter is usually attributed to the high
cost of facility permitting and operation, which may result in high
generator costs for waste disposal.

Sampling of Mixed Waste--Concerns exist over the possibility of
increased exposures due to the EPA requirements for waste
characterization. RCRA does not specifically require testing for a
hazard determination. The generator may apply his knowledge of the
materials and the process that produced the waste to determine if
the waste would be considered hazardous. If sufficient information
is not known about the waste, the generator would then be required
to test the waste. Concerns also exist over the sample size, as
this may also cause increased exposures. These concerns should be
addressed in the joint guidance on waste characterization.
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The Toxicity Characteristic Leaching Procedure--EPA recently
announced in the Federal Register the adoption of the Toxicity
Characteristic Leaching Procedure (TCLP) as the test for the
characteristic of toxicity (55 FR 11796, March 29, 1990). This test
may lead to increased exposure through, 1) exclusion of the
Structural Integrity Procedure and the requirement for particle size
reduction, 2) additional handling during preliminary testing and 3)
the increased number of samples that may need to be taken for the
preliminary testing. The requirement for particle size reduction
may also provide additional surface available for the leaching of
hazardous material. EPA may allow the use "cold analogs," which may
help reduce exposures, and the adoption of a "cage insert" may
remove the need to perform particle size reduction.

Inspections of Stored Waste--As indicated above, concerns exist
about the EPA inspection requirements for stored mixed waste.
Presently, waste containers must be inspected on a weekly basis, and
tanks must be inspected on a daily basis. Remote inspection
procedures, such as the use of television monitors, may resolve this
issue and should be addressed in the aforementioned joint storage
guidance.

Revised EPA Siting Guidelines--EPA is currently revising its
guidelines on the siting requirements for disposal facilities.
Since these revisions have not, to date, been reviewed by NRC,
technical requirements cannot be discussed here. However, these
requirements are intended to specify criteria for the acceptable
location of new and existing treatment, storage, and disposal
facilities, and the development of location standards to be used in
evaluating these potential sites.

Land Disposal Restrictions--HSWA requires that hazardous waste be
treated before land disposal. The test to determine if the waste
has been adequately treated to allowable limits is the TCLP. As
discussed above, concerns exist due to the increased handling of the
waste that may occur with this test.
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• Inconsistency Determinations--As previously stated, to date, no

literal inconsistencies have been identified between the provisions

of the AEA and RCRA. In the event that an inconsistency is found,

Section 1006(a) of RCRA defers authority to the AEA.

As described above, NRC and EPA are involved in numerous activities to

address the concerns generators have about mixed waste disposal, storage,

treatment, and disposal. In summary, these activities include 1) sponsoring

workshops on mixed waste management for Federal and State regulators,

2) developing joint guidance documents addressing mixed waste issues, and

3) conducting a national mixed waste survey. In addition to these activities,

a letter was sent to EPA Administrator Reilly by NRC Chairman Carr on June 21,

1990, outlining NRC's preferred approach to the resolution of differences

between the two agencies, relating to EPA regulatory initiatives directed at

activities licensed or regulated by NRC. This letter proposed the

establishment of a senior level task force to focus on specific interface

issues. Such a task force could provide substantial additional improvements

in resolving many of the mixed waste issues facing waste generators today.
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ABSTRACT

The development of a uniform shipping manifest for low-level radioactive waste
(LLRW) has been proposed by numerous organizations and agencies. The primary
objective of these proposals has been the development of a shipping document that contains
the minimum safety-related information required by federal regulation, pertinent
information about the shipper, carrier and designated facility, and specific information
about the contents of the shipment. The concept of a uniform manifest involves the
participation of generators, collectors, processors and disposal facilities on a nation-wide
scale to ensure safe and efficient transportation of waste between states and within
compacts, to provide the ability to track the waste from generation to disposal, and to allow
state agencies to determine the appropriate emergency response actions in the event of an
accident. Acceptance of a uniform manifest will reduce the number of data entry errors,
waste handling time, and radiation exposure. In addition, a uniform manifest will ensure
safe and efficient management of LLRW by the disposal facility, and provide a vehicle to
the federal, state and compact agencies for regulating and overseeing all waste shipments.

This paper summarizes the development of a proposed uniform manifest for the
shipment of low-level radioactive wastes. The proposed uniform LLRW manifest is
designed after a careful review of the regulatory requirements and evaluation of existing
U.S. Ecology and Chem-Nuclear Systems, Inc. manifests. The intent is to design a
manifest that closely resembled the existing manifests, thus eliminating confusion and
errors in reporting waste information. The design also facilitates the transition to an
electronic data system for tracking low-level radioactive wastes. The manifest described in
this paper is currently under review by the Host State Technical Coordinating Committee
for Low-Level Radioactive Waste Disposal (TCC) and will be submitted to the U.S.
Nuclear Regulatory Commission (NRC) for review and comment. A summary of the basic
elements of the proposed manifest is presented. Example copies of the manifest forms and
detailed instructions for the completion of the manifest are appended to this paper.

INTRODUCTION

There have been many documents written to identify the purposes of a uniform
shipping manifest [1-3]. First and foremost, a uniform manifest is a shipping document
that contains the minimum safety-related information required by federal regulation,
pertinent information about the shipper, carrier and designated facility, and specific
information about the contents of the shipment. The concept of a uniform manifest
involves the participation of generators, collectors, processors and disposal facilities on a
nation-wide scale. A uniform manifest will ensure safe and efficient transportation of
waste between states and within compacts, provide the ability to track the waste from
generation to disposal, and allow state agencies to determine the appropriate emergency
response actions in the event of an accident. A uniform manifest will also reduce the
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number of data errors, waste handling time and radiation exposure. In addition, a uniform
manifest will ensure safe and efficient management of LLRW by the disposal facility, and
will provide a vehicle to the federal, state and compact agencies for regulating and
overseeing all waste shipments [ I ].

There are additional purposes for the utilization of a uniform LLRW manifest.
Currently, individual states have the option of requiring their own manifest for
transportation of LLRW through their state. Although it is not a problem at this time,
multiple manifests could be required fora single interstate shipment. This would result in
an increase in the amount of paper work and possible delays while the waste is in transit.
A uniform manifest would eliminate the need for additional state-required shipping papers
and would provide additional assurance to the public that waste is being managed
efficiently and effectively. The use of multiple manifests could also cause confusion and
produce difficulties with compliance within each state. Finally, a uniform manifest could
act as a tool to the disposal facilities for implementation of an electronic data system to track
all LLRW shipments. Although the purposes are many, the commonality in this effort is
the promotion of the safest, most efficient and effective means of transportation for LLRW.

A PROPOSED UNIFORM MANIFEST

In September 1984, a joint rulemaking between the Environmental Protection
Agency (EPA) and the Department of Transportation (DOT) was approved to issue and
require the use of a uniform manifest for all shipments of hazardous waste. The
rulemaking was promulgated to eliminate the occurrence of multiple manifests containing
unregulated state information. In order to provide more flexibility to the "old" hazardous
waste manifest, the EPA and DOT modified the forms by providing additional space for
state information. Along with the modifications, states were prohibited from interfering
with shipments of waste in which a carrier failed to supply state-required information. In
addition, states are allowed to require shipment-related information "under a separate
cover," sent by mail [4]. As a result of this rulemaking, it seemed prudent to propose the
implementation and use of a uniform LLRW manifest.

Before a discussion of the manifest design is presented, it is important to
understand the manifest information that IS and IS NOT required by regulation. The
Western Governors Association (WGA) report on shipping requirements was useful in
determining this information [3]. Table 1 shows the manifest items required by the
regulations. This table lists the regulation number and respective manifest item number for
the individual manifests. The column "WGA" contains items from the WGA proposed
uniform LLRW manifest forms. The columns labeled CNSI and USE contain the items
from the current Chem-Nuclear Systems, Inc., (CNSI) and U.S. Ecology (USE)
manifests, respectively. The column labeled BW (Bullen/Webber) identifies the pertinent
items from the uniform manifest proposed in this paper. Table 2 lists regulatory
requirements found in the proposed rule, "Low-Level Waste Shipment Manifest
Information and Reporting" [5]. Information that is not required by regulation but is
necessary is presented in Table 3. Table 4 contains items that are not required by
regulation, are not necessary but may be useful. Table 5 contains information that is not
especially useful. A more detailed description of the items from these manifests can be
found in [Ref. 3].

After a careful review of the requirements and existing US Ecology and CNSI
manifests, the uniform LLRW manifest was designed. The manifest forms and associated
instructions are appended to this paper. The intent of this effort was to design a manifest
that closely resembled the existing manifests, thus limiting confusion and the number of
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Table 1.

Manifest Item

Shipper Identification

Carrier ldenlificalion

Basic DOT Shipping Description

Special Radionuclides

Total Radioactivity

Volume

Kadionuclide Identity and Quantity

Physical Form

Chemical Form

Chelating Agents

1'hysical Description

Solidification Agent

Waste Class

Special Nuclear Material

Source Malerial

I ransport Index

DOTLihel

Package Approval ID Marking

Shipper Certification

Designated Facility Acknowledgement

Discrepancies

Page Number

Fissile Requirement

Emergency Response Information

limcrgency Response Telephone

Manifest

DOT
49 CFR

172.202

! 72.203 (d)

172.203 (d)

1 72.203 (d)

172.203 (d)

172.203 (d)

172.203 (d)

172.204 (a)

172.201 (c)

Items Required

NRC
10 CFR

20.311 (b)

20.311 (b)

20.311 (b)

20.311 (b)

20.311 (b)

20.311 (b)

20.311 (b)

20.311 (b)

20.311 (b)

20.3 11 (b)

20.311 (b)

70.51 (b)

40.61 (a)

20.311 (c)

20.311 (g)

20.311 (g)

172.203 {d) (vi)

172.602

172.201 (d)& .602

by Regulation

WGA

5

8, 9

24

19

19

16, 28

30, 31

44

34

34

35

36

32, 37

18, 38

17, 39

40

43

-

21

23

-

2

-

-

Manifest Item No.

CNSI USE

1

1

6

7

7

7,

21

13

14

15

12

10

16

8,

7,

33

36

5

18

-

-

4

35

1

31

,22

, 24

, 25

, 25

, 26

, 26

, 27

28

29

1

1

6

7

7

7, 11

17, 18

13

16

16

14

15

22,23

7, 20

7, 21

27

29

-

8

3

-

4

21

-

-

BW

1

1

7

8

8

8, 15

25,26

19

22

22

20

21

17

8,23

8, 24

30

31

-

9

4

-

*

18

3, 10

3

The page number is al the top of each page.
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Table 2. Proposed Regulatory Requirements fora Uniform Manifest

1. Description of the Waste Container

2. Improved Physical and Chemical Description of Waste

3. High-Integrity Container Volumes and Disposed Activities

4. Solidification Processes - Curing Times, Waste Loading, Ratio of Waste
Form Surface Area to the Solution Volume

Table 3.

Manifest Item

Manifest Items Not Required by Regulation, But Necessary

Manifest Item No.

WGA CNSI USE BW

Designated Facility Identification

Carrier Acknowledgement

Manifest Number

Package Number

Shipping Date

Identification of Hazardous Waste

Identification of HIC's

13

22

1

26

2

5

4

20

5

3 ,4

4

9

5

4

5

•

13

5

11, 32

33

* The manifest number is at the top of each page.
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Table 4.

Manifest Item

Manifest Items Not Required by Regulation and Not Necessary, But Useful

Manifest Item No.

WGA

3 , 4 , 5

11, 12,

10

20

29

27

16

16

41

42

CNSI

1

14 -

-

17

30

11, 32

7, 11

-

33

34

USE

1

3

-

-

12

10

7

-

24, 26

BW

1

4

5

-

16

14

8

16

28, 29

27

Additional Shipper Identification

Additional Designated Facility ID

Additional Carrier Identification

Exclusive Use Vehicle Notification

Package Weight

Package Type

Total Number of Packages

Total Disposal Weight

Radiation Levels

Surface Contamination Levels

Disposal Site Host State Information 12

Table 5. Manifest Items Not Required by Regulation, Not Necessary, and Not Useful

Manifest Item No.

Manifest Item WGA CNSI USE BW

Billing Information

Description Summary

Radioactivity per Package

DOT Sub-Type

Miscellaneous Carrier Information

Percentage of Container Filled

Total Pallet Volume

State Certification

Section for Facility Use

15

30,31 23

5

9

7

19

19

5

YES YES YES

31



errors in reporting waste information. The design should also make the transition to an
electronic data system easier.

Design Features

The proposed uniform LLRW manifest has four sheets. Example copies of these
sheets are appended to this paper. (It should be noted that the actual size of the proposed
manifest is 8 1/2 inches by 14 inches. The forms appended to this paper have been reduced
to 8 1/2 inches by 11 inches to permit inclusion in this report.) The Cover Sheet is
designed to be used for all shipments of waste, including shipments from generators,
collectors or processors. This allows for more flexibility without creating confusion.
Details of the actual design are presented below. The sheet entitled "Uniform LLRW
Manifest - Continuation Sheet" is used by the generators and collectors to identify
individual containers of waste and by processors to identify containers of their own waste
(waste from filters, cartridges, etc.). The "Uniform LLRW Manifest - Processed Waste
Continuation Sheet" is used by the processor to identify the contribution of individual
generator's waste to a single container of processed waste. It should be noted that
Processed Waste Continuation Sheet should describes waste for one container. The last
sheet, the "Uniform LLRW Manifest - Manifest Index & Regional Compact Tabulation
Sheet," is used by collectors and processors as an index to identify the origin, activity and
volume of all containers in a shipment. This sheet gives collectors and processors the
ability to track the waste.

Unique Number System for the Uniform Manifest

A unique numbering system is also proposed with this manifest to track the waste
more accurately. This numbering system would eliminate duplicate manifest numbers on a
state-by-state or compact basis. For example, two different regions may assign different
shipments the same manifest number. This could result in confusion when the shipment
arrives at the disposal facility. A unique numbering system would dictate that every
manifest form, nation-wide, would have a unique number, which could be pre-printed on
the form. Although this seems inflexible, such a system would be one way to assure
accountability for all of the LLRW. A system similar to the following is proposed.

The manifest number would consist of fours letter, hyphenated with five or six
numbers in the following format:

_ )
1 2 3 4 5 6 7 8 9 10

The first two spaces, 1 and 2, would contain letters designating the host state compact.
The next two space, 3 and 4, would contain letters designating the shipper of waste.
Spaces 5 and 6 would contain the last two digits of the year of waste generation or
collection. The last three or four spaces would contain the number of the shipment in a
particular year. For example, the following manifest number

S _ E _ H _ A - 9 _ 0 _ 0 _ J _ 5

would indicate that the Harris (HA) nuclear power plant in the Southeast (SE) Compact
was making its fifteenth (015) shipment in 1990(90).

There are many potential advantages of this system. The designated disposal
facility and trained emergency response personnel would know where the shipment
originated. The collectors and processors would be able to record the information with
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fewer errors, and with an electronic data system, the total activity and volume of low-level
radioactive waste on a nation-wide basis could be easily calculated. The disadvantages are
that this numbering system could be construed as inflexible, more errors could be
generated, and confusion could result.

Mixed Waste Issues

Although none of the LLRW disposal facilities are currently accepting mixed waste
for disposal, it is possible that this situation may change. Mixed waste can be described as
"those wastes which are disposed of according to 10 CFR Part 61 as a consequence of their
radiological properties at a commercial LLRW disposal site, and which may be classified as
hazardous under definitions of 40 CFR Part 261 as a result of their chemical properties"
[6]. Some examples of mixed wastes include scintillation liquids, radioactive organic
liquid wastes, and some decontamination resins. Although mixed wastes comprise a very
small percent of the total LLRW, proper disposal of these wastes is required.

There are two alternatives for manifesting mixed waste. The first alternative would
be to promulgate a joint rulemaking between the EPA, NRC and DOT for the approval of a
uniform mixed-waste manifest [7]. Although this alternative would reduce the amount of
paper work, it may require a significant amount of time and resources to implement. It is
unlikely that these three agencies could address this issue in a timely manner. The second
alternative is to include the mixed waste on the uniform LLRW manifest and make
reference to an attached, completed uniform hazardous waste manifest. The coupled
manifests would provide the necessary information to safely transport the waste.
Therefore, at the recommendation of the Technical Coordinating Committee, ihe proposed
uniform LLRW manifest contains space to include shipment of mixed waste. Details are
provided in the instructions to the proposed uniform LLRW manifest appended to this
paper.

Instructions For Completing the Uniform LLRW Manifest

The instructions for the completion of the proposed manifest were compiled from
the instructions for the CNSI and US Ecology manifests [8, 9]. At the current time, there
are no formal instructions written for the US Ecology "Processed Waste Continuation
Sheet" and "Manifest Index & Regional Compact Tabulation Sheet." Brief instructions are
included for the Bullen/Webber "Processed Waste Continuation Sheet" and the "Manifest
Index & Regional Compact Tabulation Sheet."

The instructions for each form should be printed on the back of the manifest forms,
similar the CNSI manifest, or the instructions should be attached on additional sheets of
paper. The first option is recommended since it would be more convenient for the parties
responsible for completing the forms. This option may be more costly, however.

OPTIONS FOR IMPLEMENTING A UNIFORM LLRW MANIFEST

There are several alternatives for implementing a uniform LLRW manifest. These
alternatives, which were identified in [Ref. 10], are summarized below for completeness.
The proposed uniform manifest is expected to be implemented under the NRC rulemaking
"Low-Level Waste Shipment Manifest Information and Reporting." The proposed rule is
expected to be published in late 1990 or early 1991 [5].

The first alternative for implementation would be to introduce the concept of a
uniform manifest to the DOT and require a joint rulemaking between the NRC and DOT. A
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joint rulemaking may hinder the process since the DOT may not be able to justify the need
for a uniform manifest. The ability to justify this process may make a joint rulemaking too
difficult to complete in a timely manner.

The next alternative would be to petition the NRC or the NRC and the DOT fora
rulemaking solely to require commercial generators, collectors and processors to use a
uniform manifest. This alternative may also be ineffective because of the lack of
justification for its use.

The last alternative would be for the host states to develop a uniform manifest and
require its use by state regulation. However, this may lead to lack of support from other
compact states. Additionally, it would allow non-host states to require the use of their own
shipping manifest for transportation of waste through their state.

These alternatives have their limitations. However, the proposed rulemaking,
mentioned above, seems to be the most efficient and effective way to implement a uniform
LLRW manifest. Th's n>,emaking could also serve as a vehicle for implementing an
electronic data system for tracking all LLRW shipments.

OPTIONS FOR INCLUDING STATE INFORMATION ON THE LLRW MANIFEST

The rulemaking leading to the implementation of the uniform hazardous waste
manifest was promulgated because there was a need for state information to accompany a
waste shipment [5]. This need led to th; occurrence of multiple manifests and duplication
of manifest information, resulting in shipment delays and confusing paper work. As a
result of the final rule, the uniform hazardous waste manifest was designed to provide
space to enter state-required information. This has not been a problem for the shipment of
LLRW to date. However, since there is no rule prohibiting multiple manifests, the same
situation could become a reality in the future.

One option to avoid multiple manifests would be to allow the host state to print
additional information in the section on the Cover Sheet labeled "FOR FACILITY USE
ONLY." Additional state certification statements or ID numbers could be indicated there.
This space could also contain facility discrepancy codes, burial information and licensee
inspection information. A second option would be to allow states to obtain required
information under a separate cover on an annual or biennial basis. Such information would
include projections of LLRW activities and volumes, volume reduction efforts, waste
minimization techniques, etc. This would provide the necessary information to state and
federal regulators to identify trends in waste reduction and minimization activities.

The first opiion would provide more flexibility to the state regulators who require
additional information for the immediate shipment. The second option would allow state
regulators to obtain more detailed information that is required for determining trends in
LLRW shipments, identifying waste minimization efforts, and developing and
documenting waste projections for future disposal facilities.

SUMMARY

A uniform manifest for the shipment of low-level radioactive waste has been
developed. This manifest was designed following careful review of the regulatory
requirements and an evaluation of existing LLRW manifests. A unique manifest
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numbering system is also proposed to permit more accurate tracking of all LLRW.
Proposed instructions were developed to assist in the completion of the manifest forms.

The proposed manifest is currently under review by the Host State Technical
Coordinating Committee for Low-Level Radioactive Waste Disposal. Following this
review potential additions or modifications will be completed. The manifest will then be
submitted to the U.S. Nuclear Regulatory Commission for review and possible rulemaking
action.
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LISTED BELOW ARE THE ITEMS OF INFORMATION THAT ARE REQUIRED FOR
THE COMPLETION OF THE UNIFORM LOW-LEVEL RADIOACTIVE WASTE
SHIPPING MANIFEST. AN EXPLANATION FOR EACH ITEM IS INCLUDED TO
ASSIST YOU IN PROPERLY COMPLETING THE FORM. PLEASE CALL (the
designated disposal facility & phone number) IF YOU SHOULD NEED
CLARIFICATION OF ANY OF THE ITEMS

COVER SHEET

The Cover Sheet must be completed for all shipments of low-level radioactive waste.

1. Shipper Number and Name - Indicate whether you are a generator, collector or
processor by checking the appropriate box. If you are a generator, enter the type
code (Government - G, Fuel Cycle Industry - FCI, Nuclear Power - NP,
University - U, Medical - M, Industrial - 1 , Other - O) in space after Generator
Type. Enter the ID number assigned to you. Indicate the company or facility
name, address, contact person and phone number. The User Permit and Shipment
ID numbers are the numbers assigned to you by the state of the designated disposal
facility.

2. Billing Information - The shipper should indicate the exact name, address and
purchase order number which should be used by the disposal facility for invoicing.

3. Emergency Response - The shipper should indicate a contact person, or
department, and phone number where someone can be reached 24 hours in the
event of an emergency.

4. Facility Number and Name - Indicate whether you are a collector, processor or
disposal facility by checking the appropriate box. Enter the ID number assigned to
you by the designated disposal facility. Indicate the company or facility name,
address, contact person and phone number. Upon receipt of the shipment, an
authorized person at the facility will acknowledge shipment receipt by placing their
signature and date in the space provided.

5. Carrier - Indicate the carrier name, address, contact person, phone number, and
EPA hazardous waste identification number, if applicable. Also include the
shipping date. Upon receipt of the shipment, an authorized carrier will
acknowledge shipment receipt by placing their signature and date in the space
provided.

6. Shipping Cask Information - Indicate the type of shipping cask used to transport the
waste (if any) and the highest cask surface exposure rate. Also indicate any cask ID
number as per 49 CFR 172.203 (d) (vii).

7. Proper Shipping Name & Hazard Class - Indicate the total number of packages and
total weight in pounds of all of the packages in each proper shipping name
category. The total weight in this section should equal the total weight recorded in
Column 16 on the Continuation Sheet.
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8. Shipment totals - Indicate the total volume (cubic feet) and number of packages for
the entire shipment. Also indicate the total quantity of source material (kilograms)
and special nuclear material (grams). Ensure that the totals in grams for U-233, U-
235 and Plutonium equal the grand total for Special Nuclear Material. 10 CFR
20.311 requires separate shipment totals for tritium (H-3), C-14, Tc-99, and I-129.
Enter these totals in the appropriate boxes. The total activity for all isotopes in the
shipment should be indicated in the "ALL ISOTOPES" column and the proper units
of activity must be indicated.

9. Signature - The certification on page 1 of the manifest must be signed and dated by
the person responsible for the packaging and labeling operations. The person must
also be authorized to sign on the behalf of the shipping company or facility.

10. Emergency Response Information - This information is required in order for
emergency response personnel to act quickly in the event of an emergency. Enter in
the Emergency Response Information for this shipment in the space provided.
Complete each part. If there is no danger or risk, write in "NONE."

11. Identification of Hazardous Waste - Identify whether the shipment contains
hazardous waste that is regulated under RCRA or other pertinent state regulations.
If you check "YES," identify the Uniform Hazardous Waste Manifest number in the
space provided. It should be noted that the uniform hazardous waste manifest, or a
copy, should accompany this manifest.

I 2. Disposal Site State Host Information - Indicate whether additional host state
information is accompanying this shipment, i.e. state required information, uniform
hazardous waste information, etc. If you check "YES," indicate the number of
pages and briefly describe the content of each page.

DO NOT WRITE IN THE AREA LABELED "FOR FACILITY USE ONLY." THIS
AREA HAS BEEN LEFT BLANK INTENTIONALLY TO ALLOW EACH DISPOSAL
FACILITY TO RECORD DISCREPANCIES, BURIAL INFORMATION, ETC. (This
information is to be determined by individual disposal facilities.)

CONTINUATION SHEET

The Continuation Sheet should be completed by all generators and by collectors and
processors, as appropriate, that are NOT including original generator manifests as part of
the shipping documents.

A. Transfer the manifest number from page 1 to the block at the top left of the
Continuation Sheet. In the same block, number each page and include the total
number of pages in the shipment.

B. Complete the shipper number and name and the shipping date at the top of the
Continuation Sheet. Indicate if the Continuation Sheet describes "COLLECTED"
or "PROCESSED" waste. If the waste is from a generator, leave the boxes empty.
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13. Container Number - Each package must be listed individually, even if each is
exactly alike in all respects. The number entered is the identification number used
by the shipper for the package in question. Both numbers and letters may be used.

14. Container Type - Indicate the type of container used (DOT container number).

15. Container Volume - Indicate the cubic footage of the outside dimensions of each
container to the nearest hundredth of a cubic foot. Some commonly used containers
are:

55-gallon drum - 7.50 cu.ft.
30-gallon drum - 4.01 cu.ft.
5-gaIIon drum - 0.67 cu.ft.

16. Container Weight - List the combined weight of the container plus the contents to
the nearest pound.

17. Waste Classification - Indicate the classification (A, B, or C) and the structural
stability of your waste form as described in the radioactive material license
applicable at the disposal facility to which your waste is consigned (see Note 3).

18. Fissile Class - Indicate the fissile class I, II, or III as applicable. Refer to 49 CFR
173.455 for more information.

19. Physical Form - Describe the physical form of the contents in the container.
"Solid," "liquid" or "gas" are the only acceptable descriptions. If supplemental
descriptions are needed, you have an opportunity to provide additional information
in Columns 20, 21 and 22.

20. Waste Description - Using the codes found in Note #1 at the bottom of the
Continuation Sheet, indicate up to three codes which most specifically describe the
type of waste in the package. If "OTFIER" is used, a written explanation must be
attached to the manifest and noted in Box 12 on the Cover Sheet.

2 1. Solidification or Absorbent Media - Using the codes found in Note #2 at the bottom
of the Continuation Sheet, indicate up to three codes which identify the name of the
material used to solidify or absorb waste material. Use of any other material or
brand name must be specifically approved by the government authority regulating
disposal of the material in the package. Use of "OTHER" in this column requires a
written explanation and a copy of the letter of approval from the appropriate
government authority attached to the manifest. This must also be noted in Box 12
on the Cover Sheet.

22. Chemical Form - List the most prevalent chemical form, i.e. cellulose, Na, cement,
metallic oxides, etc. If animal carcasses were coded in Column 20, the chemical
form should include the word "LIME", if applicable, in addition to any other
significant chemicals. Also indicate the name of the chelating agents which are
present in amounts greater than 0.1% by weight of waste. Specify the percent in
the column to the right of Column 25. If chelating agents are not present or if they
represent less than 0.1 % by weight, place a "0" in the space. If wastes were
generated from large decontamination processes (e.g., LOMI, Can-Decon, Citrox,
etc.) add an additional sheet describing the content of these wastes.
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23. Special Nuclear Material - List any special nuclear material in grams. The term
special nuclear material refers to Plutonium, U-233, uranium containing more than
the natural abundance of U-235, or any material artificially enriched in any of these
substances.

24. Source Material - List any source material in kilograms. This refers to a class of
materials consisting of natural or depleted uranium, natural thorium, or uranium or
thorium ores. Do not confuse this with the weight of the package (Item #16), they
are not the same.

25. Individual Radionuclides - List all radionuclides present in the waste for each waste
type. Enter each nuclide on a separate line and use as many lines as required for
each package. Listing only the most abundant radionuclides or the category "mixed
fission products" is not acceptable. Use official abbreviations only (see 49 CFR
173.435).

26. Activity - List the activity for each radionuclide. You may check either Curies or
Millicuries; however, you must be consistent.

27. Surface Contamination - Indicate the results of contamination surveys performed on
the disposal container. Do not enter values for the exposure levels on the cask (if
any).

28. Surface Levels - Indicate the highest radiation level on contact with the disposal
container. Do not use "BKG" for background levels unless the level is indicated in
the column.

29. Disposal Container at 1 Meter - List the highest radiation level measured at one
meter from the disposal container. Do not enter values for exposure levels one
meter from the cask (if any).

30. Transport Index - The value obtained by measuring the surface exposure in mR/hr
at 1 meter or by using the other criteria in 49 CFR 173.403(b). A 1 meter
measurement should be taken when determining the transport index, otherwise
indicate N/A.

31. D.O.T. Label - Indicate the type of label which appears on the package (or the
proper shipping name if no label is required), i.e., "WHITE-I," "LSA," "LIMITED
QUANTITY," etc.

32. Mixed Waste Identification - Mark a check in this column if the container holds
hazardous waste constituents regulated under RCRA or other state regulations. If
you check this column, you should also note it in Box 11 on the Cover Sheet. The
Uniform Hazardous Waste Manifest, or a copy, should accompany this manifest
and should also be noted in Box 12.

33. High-Integrity Container Identification - List the container number and
manufacturer of all the high-integrity containers in this shipment.

34. Totals - Enter the page totals on each Continuation Sheet for Columns 13 (total
items per page), 15, 16, 23 24 and 26.
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PROCESSED WASTE CONTINUATION SHEET

The Process Waste Continuation Sheet should be completed by waste processors for each
container included in the waste shipment.

A. Transfer the manifest number from page I to the block at the top left of the
Processed Waste Continuation Sheet. In the same block, number each page and
include the total number of pages in the shipment.

B. Complete the processor number and name and the shipping date at the top of the
Processed Waste Continuation Sheet. Identify the container number and type, the
principal physical form of the waste, and the percent of chelating agent if > 0.1%.
It should be noted that each Processed Waste Continuation Sheet describes waste
for a single container.

For each contribution to the total waste in the container, identify the generators' number
and name, the volume (in cubic feet), waste description, solidification agent and agent
vendor, chemical form and chelating agent, individual radionuclides and their activities,
special nuclear material (in grams) and source material (in kilograms). For the "Volume"
column also indicate what percent of the total volume originated from each generator.

At the top right hand corner of the Processed Waste Continuation Sheet, identify the
container volume, weight and activity. Also, identify the waste class form, stability class
radiation levels at the surface and at I meter, transport index and D.O.T. labeling for the
container described on this page. Do not write in the columns labeled "Corrections." They
are used by the disposal facility.

Additional instructions for each of the columns or boxes can be obtained from the above
instructions for the Continuation Sheet.

MANIFEST INDEX & REGIONAL COMPACT TABUIJVTION SHEET

This sheet should be completed by all waste processor and collectors.

A. Transfer the manifest number from page I to the block at the top left of the Manifest
Index & Regional Compact Tabulation Sheet. In the same block, number each page
and include the total number of pages in the shipment.

B. Identify the Collector/Processor ID number and name and the shipment date at the
top of the Tabulation Sheet.

C. Identify the individual Processed Waste Continuation Sheet (page__of ) for each
generator.

For this shipment of waste, identify whether the containers hold processed or collected
waste. List all original processed waste generators before collected waste generators. List
the ID number, name, address and phone of each original generator along wilh the
corresponding manifest number. Identify the originating compact region, and record the
activity and volume totals for each original generator's contribution to the shipment. This
includes those generators who have contributed to your processed waste even though you
may be considered the "new" generator of the waste according to 10 CFR 20.3 I I.
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CITIZEN ADVISORY GROUPS:
IMPROVING THEIR EFFECTIVENESS

Elizabeth Peelle
Energy Division

Oak Ridge National Laboratory
Oak Ridge, Tennessee 37831

In an age of citizen distrust of government and intense NIMBY (not-in-

my-backyard) activity when waste management facilities are proposed, the

potential of citizen advisory groups (CAGs) to aid the decision-making process

is worth exploring. This paper reviews findings from case studies by the

author and others to assess the various purposes, pitfalls, advantages and

outcomes of CAGs in influencing decisions about controversial waste management

actions and facilities. Advantages and disadvantages of the CAG are evaluated

as one of several public participation mechanisms. We outline ways in which

CAGs can aid the waste management decision process and develop minimum

requirements for the successful functioning of citizen advisory groups in

decision processes with significant technical components, such as those

involving nuclear and hazardous wastes.
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WHAT DO WE USE FOR DATA?

The findings discussed are based on case studies and participant

accounts of citizen advisory groups selected to illustrate the different

purposes and outcomes of CAGs. The cases vary in geographical range (local,

state, federal) and waste type [High Level Waste (HLW), Low-Level Waste (LLW),

hazardous chemical, nerve gas]. Because most have beerr discussed at length

elsewhere, only minimal information and citations are outlined in Table 1.

They provide the examples cited throughout the text. All case studies were

based on extensive interviews of the participants as well as examination of

relevant secondary sources such as agency and process documents, CAG minutes

and reports, newspaper and other media accounts. Two cases are accounts by

participants of their experience in a CAG and do not necessarily follow case

study format.

As seen below, the first group of six studies mostly involve local situs

communities or countries with CAG members appointed by the local governments.
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Table 1. Case Studies Cited in this Article

Citizen Advisory Group Appointed by Purpose Type of waste Author

LOCAL HOST SITES

Monitored Retrievable
Storage Tasks Force (Tenn)

Wayne Co. Citizens Advisory
Committee (Illinois)

Intergovernmental
Consultation & Coordinatiun
Boards (8 states)

Kentucky Study Group

l)Greensboro & 2)Durham
Haz Waste Committees

City and county governments

County Board Chairman

State & local governments

Opponent groups nominate;
Army appoints

City governments

l)Evaluate safety &
suitability of MRS facility

2)Negotiate acceptance
conditions with DOE

Evaluate safety & suitability
of LLW facility

l)Discussion of common
issues

2)Two-way info transfer

l)Review army DEIS
2)Communicate citizen

concerns

l)Review and negotiate
siting

2)Review and negotiate
shutdown

Spent fuel-HLW

LL rad waste

Nerve gas at
Army depots

Nerve gas/
munitions

Hazardous chem
waste

Peelle (1987)

Peelle (1990a)

Feldman (1989)

Hindman
(1989)

Lynn (1987)

STATE CAGS

Hanford Defense Waste
Citizens Forum

Illinois Citizens Advisory
Group

DOE/Richland Manager

IL Dept. N-Safety

Evaluate Defense Waste
DEIS

Input to IDNS

Misc. defense
waste on site

LLW & other
nuclear
operations of
IDNS

Peelle (1990b)

Peelle
(forthcoming)

FEDERAL CAG

Federal Task Force on
LLRW Management

Federal Ministry of Energy,
Mines, & Resources - Canada

l)develop LLW siting plan
& organization

2)choose LLW sites

LL rad waste Armour (1990)



The one exception is the Kentucky study group where nominations were made by

opponents to the proposed action and appointments made by the Army. The

Intergovernmental Consultation and Coordination Boards (ICCBs) represent a

more complex CAG structure with tiered, dual boards. They are included

because of the locally-appointed local boards, though the ICCBs also include a

state board comprised of agency personnel appointed by the state.

The Hanford Demonstration Waste Calcining Facility (DWCF) and Illinois

Citizens Advisory Group are state CAGs appointed by a federal agency - (U.S.

Department of Energy at Hanford) and a state agency (Illinois Department of

Nuclear Safety). The Hanford CAG was a two-state group representing Oregon

and Washington citizens. Information on the Illinois CAG is incomplete as

this case study is still in process.

The federal CAG involves an ongoing Canadian effort wherein six citizens

with special expertise were appointed to direct a complex, multi-stage process

of developing a publicly acceptable process for siting Canada's Low-level

Radioactive Waste (LLRW), and then choosing the sites. Like the ICCBs, this

is also a tiered effort in which the national CAG set criteria for the local

groups and assisted them in some aspects. Information on this effort is

supplied by one of the participants, Dr. Audrey Armour of York University, and

by CAG reports.

WHY HAVE A CITIZENS ADVISORY GROUP?

Citizen advisory groups are expensive, time consuming, and require

extensive care and feeding in order to work well (Howell, etal., 1987; Peelle,

1988). They may backfire if not organized and conducted in good faith by the

participants and proponents. For instance, evidence of bad faith on the part

of a proponent can motivate and intensify opposition activities. In the

author's experience, much effort has been invested in many CAGs only to have

them wither away as the sponsoring agency is nonresponsive and declines to

take any advice, self destruct as stakeholders disagree or opponents use the

platform to prevent discussion, or become irrelevant as excluded stakeholders

seize the initiative to prevent the siting, (or other action) through direct

political action.
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Agencies typically worry that CAGs will "get out of hand," while

stakeholder groups fear that the group will be captive or co-opted so that the

CAG serves merely as a mouthpiece for the proponents. So why bother with

something that will be viewed with skepticism by most stakeholders, is

difficult to make work well and is potentially subject to damaging failure?

Are they worth the trouble and the investment of time and resources by

citizens, by communities, and by opponents and proponents of the proposed

waste management facility?

Despite these problems and pitfalls, there is increasing interest in and

use of citizen advisory groups. The reasons are several, but the most

important is simple. Very few waste management actions or sitings have

occurred in the last decade. Opponent anger and distrust have found an outlet

in nationwide "anti-dump" organizing that is increasingly effective in

producing stalemate in all areas of waste management. One example is the

extraordinary growth of Citizens Clearinghouse for Hazardous Waste (see note).

Some existing waste management (WM) facilities with valid permits have been

closed down because of citizen opposition. Not much in citizen involvement in

WM decision processes is working. As wastes of all types pile up in temporary

holding areas, the public and private groups responsible for WM have more

incentive to try something beyond the no-longer-workable decide-announce-

defend (DAD) strategy (Ducsik, 1981). Public acceptance is not easily won for

any waste management action, but the lip service given to public participation

(PP) and public involvement is now finding occasional real-world expression in

CAGs and other citizen involvement ventures.

CAGs are being considered and tried increasingly because they offer

certain advantages for involving citizens despite a volatile, polarized,

unpredictable climate of public concerns about waste management. CAGs offer

the potential for better citizen understanding and the prospect of public

acceptability of WM decisions. If organized by federal agencies to assist

them as provided in the Federal Advisory Committee Act of 1972, a CAG has some

legal standing and certain support actions by the agency are required. Since

little citizen involvement except NIMBY seems to be occurring, new ways are

necessary for making decisions of this type. The public must be involved in
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such decisions if anything is to be decided, if the decisions are to be seen

as legitimate. For these reasons, CAGs are seen as worth a try.

WHAT IS A CAG?

A citizens advisory group is an appointed collection of citizens who

meet, usually more than once, to consider a proposed waste management action

and make some response to whatever entity appointed to them. Though members

are seldom paid, CAGs require substantial administrative, financial and,

sometimes, logistical support in order to function. Support is usually

provided by the proponent either directly or via a local governmental

passthrough. As seen in Table 1, they may be appointed by a local, state or

federal government, or by the agency or proponent of the WM action. Just how

they originate, how members are selected and how their purpose is defined is

critical to what they can accomplish (Peelle, 1988).

Membership balance and skills are central issues in CAG ability to

operate. As shown in the case studies selected, membership may vary in number

and diversity of stakeholder interests included, whether leaders or ordinary

citizens, and in technical background or other skills useful in addressing the

question at hand. For instance, some of the Wayne County CRC problems can be

traced to the lack of previous community experience of the two cochairs and

the early resignation of most members with technical backgrounds. The

question of member diversity and how well the CAG represents stakeholder

interests is addressed later.

CAGs have been used for many purposes, including liaison, information

transfer, consultation, sounding board, review, assessment, oversight,"

monitoring, negotiation or decision making. They may have multiple purposes

and can evolve in purpose along with a changing process if conditions are

favorable.

a. Oversight is used here in its common meaning of general broad review or
supervision and not in the technical sense as in Congressional Oversight
Committees.
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Though "advisory" is part of their name, both the giving and taking of

the advice is problematic. In most cases, some other entity has the final

decision-making power which it is loath [or forbidden as in the Federal

Advisory Committee Act (FACA)] to share. Few CAGs really get to decide

anything. It is in the interpretation and implementation "advisory" that the

key to CAG success usually lies as the case studies demonstrate. The Canadian

LLW siting effort may prove to be the exception. It aims to involve

communities as "partners in problem solving and decision making throughout the

process." (Siting Process TF Report)

CAGs have a distinctive set of advantages and pitfalls. Their

advantages include their (small) group form an ongoing mission which enable

them to consider issues in greater depth and detail than is possible with any

other form of public participation, being flexible and adaptable to fit many

purposes and changes in purposes, enabling many types of communication,

especially two-way (between citizens and proponents) and three-way (among

diverse citizen members as well as citizen proponent), and their potential for

fostering better understanding and possible tradeoffs among members with

different interests. Their problems will be discussed in a later section.

Despite their flexibility and versatility, CAGs are not a substitute for

other kinds of PP actions. They can be viewed as one part of a comprehensive

PP program. Since they are of finite size, they cannot include all

individuals who may be interested, so they do not replace a comprehensive

public record. Nor do CAGs replace public hearings, written input to the

record, open houses, small group workshops, public information displays in

shopping malls, or printed materials and media releases. Contract negotiation

with local officials over siting arrangements is best done directly with the

affected parties. CAGs can and have been used effectively to complement these

other public involvement efforts by offering the in-depth citizen review which

no other PP mechanisms does. One example is the role played by the Hanford

Defense Waste Citizens Forum as one element of a comprehensive two-state

program about the proposed defense waste Draft Environmental Impact Statement

(DEIS). This program involved all of the PP mechanisms listed above.
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WHAT CAN CAGS DO? HOW DO THEY OPERATE?

Citizen advisory group tasks may be as simple as reviewing information

about the proposed action and giving responses to that information, or as

complex as developing detailed assessments of impacts or evaluations of

proposed actions and negotiating terms of acceptance with the proponent. CAGs

may define their own tasks, accept the requests/charge of the agency, or as in

the MRS Task Force (TF) or the Hanford Citizens Forum (CF), the group may

negotiate the process and refine the expectations of both sides as it goes

along. They may be constrained and limited in their function by agency

directive as in the Illinois CAG or by law (under FACA) or able to evolve and

change when needs require and circumstances permit (NC HazW, MRS TF,

Hanford CF).

A key feature of CAGs is their small group nature and potential for

structured interaction. Unlike the often unrelated individuals who may

participate in a public hearing expressing different and contradictory

concerns, the individuals in a CAG may meet regularly and get to know each

other. If they have a diverse membership, they can consider issues and

proposals from more different perspectives than most individuals can. They

can discuss their concerns, interact with each other, review and reflect on

what they learn. Given time, incentive, and access to expertise, they can

evaluate more complicated information, ask questions, and come to a consensus

about the issue before them, as happened in both the MRS and Hanford citizens

groups. CAGs can be a vehicle for negotiation between citizens and agency as

in the MRS case about the conditions of acceptance of the proposed waste

management action.

Regular meetings of a diverse group of stakeholders allow consideration

of tradeoffs among different interests—something which is beyond the scope of

an unstructured and generally powerless public hearing. Members have the

opportunity te assess how important the concerns raised are to particular

interests and to discuss how to address these concerns. This process was

carried on explicitly within the MRS TF subcommittees, for instance. Though

such complex tradeoffs could not be accomplished within the limited charge

framework given the Illinois CAG by IDNS, the 1990 LLW siting process changes
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devised by the governor and legislature were a balanced compromise of the

diverse positions aired in prior CAG forums (Peelle, 1990c). For instance,

the legislature removed the siting decision power form IDNS and gave it to a

newly-created three-person siting commission. This measure was one demanded

by environmental groups. They did not succeed in a second objective of

stopping the siting process but only slowing it down.

Most siting and WM actions entail an obligatory nod in the direction of

public involvement. Many agencies simply follow the legislative or

administrative requirements for public hearings, environmental impact

documents, or whatever and let it go at that. Requirements for public

involvement are included in CERCLA, SARA and RCRA. But CAGs are a recognition

that more than the legal minimum in PP is required to develop public

understanding and acceptance of waste management today.

One key to CAG contribution and success lies in the citizen and

proponent understanding and interpretation of the word "advisory." If the

body that has the power to decide the issue offers to share some of that power

by pledging to take seriously the CAG's advice, the CAG then has incentive to

work. Only when a proponent offers to "listen" to the CAG concerns, and

better yet, to act on well-taken CAG conclusions, do citizens buckle down and

tackle their task. Otherwise, why should they bother...if no one is even

planning to listen? The absence of credible pledges by the IDNS helped

prevent the Wayne County CRC from settling down to work. Such early pledges

by proponents were essential to initiate the intensive work done by the

Canadian federal siting TF, the MRS TF and the Hanford DWCF, for instance.

With the incentive to get to work as above, the internal working of a

CAG can include intensive questioning of the proponent and each other,

searches for answers, and an implicit push toward consensus. This process of

joint searching and hard work can develop internal esprit de corps and

pressure to adjust individual agendas and work toward a mutually agreeable set

of conclusions. Working CAGs tend to de^ne and shape their task as they

proceed with an eye toward consensus. Though not necessarily articulated at

the time, CAG members later say that they recognized that consensus would

maximize their influence on the proponent. This process is detailed for the
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MRS TF and the Hanford CF case studies and is implied in the accounts of the

Canadian Siting Task Force and the North Carolina hazardous waste CAGs. It

was notably absent in the Wayne County CRC.

PITFALLS AND PROBLEMS FOR CAGS

Five major problems confront citizen advisory groups. Most are within

the control or discretion of CAG creators. How they are dealt with determines

the likelihood that the CAG will be able to function, to fulfill its appointed

task or have any effect on the decision at issue. They are the questions of

diversity or representativeness of stakeholders chosen as members, giving the

CAG the incentive to work by offering it a chance to "make a difference" in

the waste management decision through its input, access of the CAG to the

requisite technical expertise, overcoming public and member distrust and

cynicism about the process and the proponent, and safeguarding the legitimacy

of the CAG in the eyes of the public. A variety of approaches to these

problems was demonstrated in the case studies.

Representativeness vs. Diversity. The goal of choosing a diverse

citizen membership can present severe problems. Without diversity of members,

the CAG will be doomed from the start, unable either to deal with the various

concerns of different interests or to achieve the legitimacy it must have to

be considered credible by the public. Including all stakeholders, however,

may mean appointing some members from opponent groups who will prevent

discussion within the CAG and insist that their agenda should replace that of

the group. Not including such citizens leaves the local government or agency

in the position of excluding the loudest and perhaps most concerned citizens.

Should the goal be inclusiveness, representativeness, or merely diversity?

What constitutes adequate diversity, if the latter course is chosen?

The difficulty with a "representative" CAG is that members representing

a particular organization may not be free to act without consultation or

approval by their group, thus hamstringing the operation of the CAG. One

solution has been to seek out individuals with opinions like or memberships in

opponent groups, but ask them to serve as individuals (Hanford CAG). A

further goal for those appointing a CAG has been that of "balance" to insure
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that many interests are included, without designating places on the CAG for

particular organizations. In Wayne County, a diverse membership and co-

chairmen of differing views were appointed and never could agree. The CRC was

eventually abolished by the county board which created it. The Hanford CAG of

highly diverse leaders included nine opponents but only two identifiable

environmentalists; it was ablp to reach consensus on what to do about defense

wastes but was later criticized by other opponent groups as having only "token

environmentalists." By including only individuals nominated by opponent

groups, the Kentucky Study Group was probably unrepresentative of local

interests.

Gaining Technical Expertise. Two ways of accessing technical expertise

exist. Those CAGs with in-house expertise seem to function best (Hanford,

MRS, Canadian, NC HazW). Though in principle a CAG without its own experts

can hire such if resources are made available, the Wayne County CRC only used

a small part of its funds in this manner and left most unspent. Most early

CRC appointees with technical backgrounds resigned early in the process, being

unhappy with the rancorous meetings and the intrusion of "politics" rather

than technical criteria as a basis for discussion. The hierarchical CAGs

(ICCBs and Canadian TF) offer local groups another avenue to gain technical

expertise since the state/national group includes technical people.

Getting Started. Getting started, or bringing different interest groups

to the table remains a principal problem with CAGs. Without trust, people

have little incentive to begin talking, much less agree to membership on a

CAG. It is here that the meaning of "advisory" must be defined by the CAG

creator or proponent, as discussed earlier. If power is shared via the

prospect of altering the details or directions of the proposed action, then

CAG members have an incentive to work hard and come up with credible

suggestions.

Overcoming Public Distrust and Skepticism. Some agencies have dealt

with the distrust problem by using openness, responsiveness to CAG queries and

requests, and being generally candid and forthcoming. These trust-building

exercises were used extensively to good effect by DOE in both the local MRS TF
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situation and the regional Hanford DWCF effort, and by one of the hazardous

waste operators in North Carolina.

CAG Legitimacy. Once a CA6 gets off the ground, its legitimacy is still

vulnerable and can be undercut by tht proponent or local authorities through

statements which imply that the WM decision is already made, or that the

outcome of the CAG deliberations is a foregone conclusion. For instance,

conclusory statements by the Mayor of Oak Ridge about the MRS TF were damaging

to its credibility among regional opponent groups and others. Exclusion of

stakeholders from the CAG, or not creating a diverse membership can also

damage the group's legitimacy.

HOW CAN CAGS AID THE DECISION PROCESS?

As shown in the cases listed, citizen advisory groups can aid the

decision process in numerous ways. They can:

provide a setting for direct, regular contact between citizens and

the agency or proponent;

include a diverse group of stakeholders, while public hearings

typically bring out only certain segments of the public;

raise issues and concerns of citizens, thus assuring a more

complete and satisfactory plan or decision;

enable citizen review, assessment and evaluation of project plans

and technical adequacy in more depth and detail than is possible

in most single-shot public participation efforts;

be flexible and adaptable, though some are restricted as required

under the Federal Advisory Committee Act of 1972;

permit more detailed and in-depth citizen consideration than the

legal minimums required under various federal and state laws such

as CERCLA, SARA, or RCRA;
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enable development of consensus, under certain conditions;

provide a setting for negotiation of conditions of acceptance;

fill an important niche in a multi-pronged, comprehensive public

participation program;

broaden consideration to include values as well as "facts;"

enable joint decision making, if desired.
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IMPROVING THE EFFECTIVENESS OF CAGS
I. MINIMUM REQUIREMENTS

Many suggestions for improving the effectiveness of CAGs result from a
review of the case studies. First to be considered are the minimum
requirements for CAG operation. Without these prerequisites, citizen
advisory groups just do not function or cannot even be created. These minimum
requirements are grouped to include those necessary for getting started, for
selecting members and organizing the CAG, and for implementation of the PP
process.

Getting Started

Agency gives CAG incentives to "buy into the process" by:

Pledging to listen and doing so,

Promising to accept public input,

Offering possibility of altering project details or
direction.

Agency is responsive to CAG information needs,

Agency defines its public participation involvement,

Clear definition of CAG task, authority and expected outputs.

Membership Selection

Diversity in stakeholder interests

Accessible technical expertise for CAG (in-house preferable).
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Implementation

Adequate funding and logistical support,

Strong agency management support for CAG operations,

Agency assigns senior, authoritative staff to interact with CAG,

Proper implementation of entire public participation process,

Agency recognizes limits to technical expertise.

IMPROVING CAG EFFECTIVENESS
II: HELPING THEM WORK BETTER

Further suggestions for improving CAG effectiveness involve factors
which seem to help CAGs work better. In our present state of knowledge, they
can be classified as factors which appear in CAGs that work well. They appear
to be desirable rather than essential. These factors include:

Membership

Most appointees are solution-oriented

Strong chairperson.

Implementation

Time for CAG to develop questions, discuss issues, ponder problems
and review incoming information (responses to information
requests);

Agency or officials are careful not undermine CAG legitimacy.
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Power Sharing

Agency develops partnership with CAG on plans, joint decision
making and implementation of proposed waste management action.

60



REFERENCES

1. A. Armour, "The Federal Task Force on Low Level Radioactive Waste

Management," (draft), York University, Ontario, Canada, 1990.

2. D. Ducsik, "Citizen Participation in Power Plant Siting: Aladdin's Lamp

or Pandora's Box?" I. American Planning Association 47: No. 2, 1981.

3. Citizens Clearing House for Hazardous Waste, Arlington, Va. See regular

publications such as "Action Bulletin" and "Everyone's Backyard."

Booklist includes 60 items such as "How to Deal with a Proposed

Facility" (Our best tactical manual on how to STOP unsafe facilities),

"Polluters 'Secret' Plan and How You Can Mess it Up," among others.

4. N. Crosby, "Citizen Panels: A New Approach to Public Participation,"

Public Administration Review, 1986, pp. 170-178.

5. D. Feldman, "The Chemical Stockpile Intergovernmental Consultation

Program: Lessons for HLto Public Involvement," (draft), Oak Ridge

National Laboratory, 1990.

6. Federal Advisory Committee Act of 1972, PL 92-463.

7. D. Feldman, S. Carnes, and G. Rogers, "Intergovernmental Consultation

and Coordination: Continued Protection of Public Health and Safety

through Public Accountability," The Environmental Professional, vol. 11,

No. 4, 1989, pp. 409-421.

8. 0. Blackwell, D. Hindman, R. Menefee, W. Mitchell and B. Tussey, "Report

of the Kentucky Community Study Group," Chemical Stockpile Disposal

Program, SAPEO-CDE-IS-870, U.S. Army, Aberdeen Proving Ground, MD. 1987.

9. D. Hindman, "Public Input to the Chemical Stockpile Disposal Program

NEPA Process," The Environmental Professional, Vol. 11, No. 4, (1989)

pp. 291-296.

61



10. R. Howell, M. Olsen, D. Olsen, Designing a Citizen Involvement Program:

A Guidebook for Involving Citizens in the Resolution of Environmental

Issues, Oregon State University, Corvallis, OR. 1987.

11. F. Lynn, "Citizen Involvement in Hazardous Waste Sites: Two North

Carolina Success Stories," Environmental Impact Assessment Rev. 28:

1987, pp. 347-361.

12. E. Peelle, "The MRS Task Force: Economic and Non-Economic Incentives

for Local Public Acceptance of a Proposed Nuclear Waste Packaging and

Storage Facility," Waste Management 87, Waste Isolation in the U.S.,

R. Post and M. Wacks, eds, Vol. 2, 1987, pp. 117-121, University of

Arizona, Tucson, AZ.

13. E. Peelle, "Beyond the Nimby Impasse II: Public Participation in an Age

of Distrust," Proceedings of Spectrum 88, Richland, WA. 1988, pp. 575-

582.

14. E. Peelle, "Two Citizen Task Forces and the Challenge of the Evolving

Nuclear Waste Siting Process," Proceedings of the International Topical

Meeting, High Level Radioactive Waste Management, Vol. 2, Las Vegas, NV.

1990a, pp. 952-960.

15. E. Peelle, "Helping with the Clean-up: A Two-State Citizen Task Force

Responds to the Department of Energy on Defense Waste," Proceedings of

Spectrum 90, International Topical Meeting on Radioactive Waste

Technologies, Decontamination and Decommissioning and Hazardous Waste,

(in press), Knoxville, TN. 1990b.

16. E. Peelle, interviews of Illinois Citizens Advisory Group members (in

process), 1990c.

17. Report of Low Level Radioactive Waste Siting Process Task Force, Opting

for Cooperation, Ministry of Energy Mines and Resources, Ottawa, Canada,

1987.

62



PUBLIC PERCEPTION OF ANALYTICAL RISK ASSESSMENTS

D. A. Waite and W. D. McCormack
Ebasco Environmental

Bellevue, Washington 98004

ABSTRACT

Most analytical assessments of potential impacts on the environment from
U.S. Department of Energy (DOE) activities receive, at some point in their
development, public scrutiny. The objective of this paper is to discuss the
apparent perception of these assessments held by the public reviewers, based
on written and verbal comments that they have offered.

The discussion begins with a short overview of the analytical assessment
process most often used on DOE projects. The process is described in terms of
the basic process elements and data sources involved. Based on this outline
of the assessment process, the key elements from the public's perspective are
identified and examined on the basis of Importance Criteria and the Perception
Framework in which the Importance Criteria appear to be applied.

The paper is concluded with an analysis of the key elements of the
public's perception. This section of the discussion is formatted to couple
observational evidence of public perception difficulties with key assessment
elements, and these difficulties with potential alternative approaches that
serve the same purpose but are more acceptable to the public.
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ASSESSMENT PROCESS

A simplified schematic diagram of the analytical risk assessment process
is shown in Exhibit 1. The first entries in both the "Process Elements" and
"Data Sources" columns are consistent with the standard assessment processes.
The last three, including "interpretation of results," "communication of
results," and "professional judgment," are often not included, but are
frequently the subject of public comment and are, therefore, included in this
discussion.

Process Elements Data Sources

Scenario Development Site/Facility Information

Release Fractions Scientific Literature

Environmental Transport Calculations Analytical Models and Sit© Information

Dose Calculations Dosimetry Input Data

Health Eiiects Estimates Conversion Factors

Interpretation ol Results Professional Judgement

Communication of Results
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PUBLIC PERCEPTION FRAMEWORK

The public appears to react to what they see in analytical risk

assessments on the basis of a framework consisting of two absolute and two

relative criteria. The two absolute criteria are the "Sources of Information"

and "Types of Information." It is very evident from comments received on DOE

and NRC sponsored risk assessments on waste-related actions of all types that

members of the public frequently have favorite sources of information, these

often being much different than those of the scientific community. These

favorites may be expressed in the form of a publication, a sponsoring group or

an individual.

Likewise, as the saying goes, the public is always more aware of those

topics of which they are more aware. In a practical sense, this means that

the public frequently expects the inclusion of contaminants, pathways, and

even final results of which they have been made aware by some means, whether

or not those contaminants, pathways or results are appropriate for the

specific assessment being reviewed. If something is understood to be "the

most toxic substance known to man," it only seems reasonable to many reviewers

to have it included in EVERY risk assessment.

The two relative criteria originate in our pervasively legalistic

societal framework and our national diversity regarding real vs. perceived

risk relationships. The legalistic context of most societal activities, upon

extrapolation into complex technical situations, many times yields the

perception that natural laws are like manmade laws that can change if and when

it is decided that they should change. Therefore, all chemical, biological

and physical elements of analytical assessments become arguable, deserving of

no measure of confidence, even in the context of relatively short time

periods.

In the perspective of the public, it appears to be the case that there

is no risk more important than perceived risk. The essence of the attitude is

captured by the comment, "With all of the fallacies of analytical risk

assessments enumerated above, no one really knows what the real risk is, so

the perceived risk is the only one that counts."
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IMPORTANCE CRITERIA

Consistent with this perception framework, the public has marked

preferences of topics to receive emphasis in analytical assessments. Typical

choices include:

Key vs. general contaminants,

Short vs. long-term risk,

Human vs. environmental exposure,

Onsite vs. offsite exposure,

Normal vs. accident conditions,

Event consequences vs. probability.

In the key vs. general contaminant issue, the public preference is

generally for key contaminant consideration, if these are consistent with

their expectations. Comments along these lines are often encouraged by the

common omission from an assessment of any discussion concerning the process of

contaminant elimination from the complete list to those that impact the final

assessment results.

Long-term risk is almost always of more interest than short-term.

Several reasons usually contribute to this preference, including greater

uncertainty and future generation involvement in the longer term.

At present, and historically, human exposure has been the primary focus

of most assessments, as deemed appropriate by most parties involved in the

assessment. At present, there is a clear trend toward the inclusion of both

human and environmental exposures.

Except on rare occasions where there are extenuating circumstances,

offsite exposures appear to be of greater importance to the public than
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onsite. Exceptions may occur in the context of onsite exposures that might

lead to offsite exposures only after a period of time.

Using logic similar to that apparent in the case of short vs. long-term

exposures, accidents seem to be of greater interest than normal conditions.

This tends to be true even in cases where normal impacts, when integrated over

time, are predicted to far exceed impacts of any short-term accidental event.

The public appears to be unwilling to deal with risk as a product of

consequence and probability. It tends to insist on assuming the probability

of occurrence is unity.

EXAMPLE COMMENTS

To illustrate the points made previously in this discussion, example

comments have been selected from comment response documents prepared over the

past few years. The comments that have been selected address the following

elements of the assessment process:

Environmental transport,

Dose calculations,

Health effects estimates,

Interpretation of results.

Two example environmental transport comments are quoted below:

The Risk Assessment if fatally flawed in that all major

radionuclides and pathways significant to human health and

environment are not considered.

The Risk Assessment neglected the effects of bioconcentration

mechanism on the viability of local plant and animal communities.
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The first comment is representative of the many that indicate an

expectation to see a discussion of all high profile radionuclides and pathways

irrespective of their relevance to the specific site or potential impacts.

Whether or not site specificity was intended in this comment is not known.

Within reason, it is reasonable to indicate in a risk assessment the selection

process that led to the radionuclides and pathways emphasized in the results.

In many of the highly formalized assessment methodologies, this aspect does

not get included in the assessment report; and therefore, the points of

emphasis can seem somewhat arbitrary.

The second comment raises the question of applicable impact end points.

As indicated previously, the trend is now toward dealing with the environment

and its human inhabitants as an integrated system. It will probably be found

in the future, as more nonradiological contaminants are included within the

context of an integrated radiological assessment, that nonhuman components of

the environment will be determined to be the critical receptors.

Two dose calculation comments are quoted below:

Reviewers suggested that the metabolism for "maximum man" be used

to calculate doses to exposed individuals, in addition to

"standard man."

Children are more susceptible to harm from exposure to radiation

than adults; therefore, this should be the basis of Risk

Assessment.

These comments both indicate skepticism that the degree of conservatism

included in assessment is adequate. In many cases, the age dependence aspects

of critical pathways and doses are addressed through the use cf age dependent

dose factors. One might contend that the "maximum man" concept is at work in

the use of "maximum exposed individual." However, recent attempts to focus

environmental regulations on "the most sensitive individual in the population"

would indicate that anything short of complete abandonment of rational

conditions would be unacceptable. It is in the best interest of both the

assessor and the reviewer, however, to address the levels of conservatism that
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are usually incorporated into risk assessments. The optimum solution is to

quantify the level of conservatism statistically, as will be discussed later

in this section.

The Risk Assessment does not address the possibility of health

effects accumulating over generations or the effects of other

radiation sources in the area on the local population and

environment over tens of thousands of years.

It is not clear in the Risk Assessment how possible health effects

resulting from chemical associated with the wastes were assessed.

Both of these comments address health effect estimates in conjunction

with known complicating factors, multi-generational effects and

nonradiological co-contaminants. Commentators appear to be more concerned

with this stage of the assessment process than any other, either before or

after this stage. One oft-given reason is because the results are given in

terms that are familiar to the pub!ic--cancers. Secondly, they can get

personally concerned about effects given in these terms. Both of these

concepts are understandable.

What is difficult to understand is the fact that many commentators have

a great deal more confidence in the results of an assessment when results are

presented in terms of health effects than they do when the same results are

given in terms of dose. Except for the part that confusion over dose concepts

and units may play in this issue, it should be made abundantly clear in

assessments that the more variables that are added to a calculation, the more

uncertainty there will be. Again, perhaps the solution to the problem is

quantification of the uncertainty, which is the subject of the last two

comments.

Two interpretations of result comments are quoted below:

Many uncertainties remain unresolved regarding the long-term

performance of the barriers.
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The Risk Assessment should include the confidence intervals in the

presentation of estimated doses.

The first comment addresses uncertainties in results in conjunction with
long-term aspects of an assessment. The second, more generic comment,
pertains to a wide variety of topics, as has been demonstrated in the previous
discussions. The definitive solution to quantification of uncertainty is to
be found in taking a statistical approach to each variable in the assessment
sequence. That is, to treat each input variable as a stochastic quantity
instead of as a point estimate, with the result that output quantities are
given with appropriate uncertainty estimates attached. This is not a new
idea. In fact, several risk assessments have successfully used this concept
and several of the most widely used computerized methods are presently being
outfitted with this capability.

CONCLUSIONS

Review of several thousand comments on analytical risk assessments
revealed that a great improvement in public acceptance could eventually be
achieved through three mechanisms, two of which are under the control of
analytical risk assessors. The first possible mechanism is to significantly
reduce, if not eliminate, q.e.d.'s, that is, "it can be shown," (but isn't).

The second possible improvement is to abandon the "expected value"
approach and to adopt the "statistical" approach. This is not the same as the
classical probabilistic risk assessment, because the probability of occurrence
is not the statistical variable involved. Rather, input variables like annual
rainfall, groundwater flow characteristics, standard man characteristics, and
land use variables are input as statistical distributions instead of point
estimates that are always harder to defend.

The one mechanism that is beyond the preview of any assessor is the
attainment of zero risk. Reality modification is beyond the scope of any
presently available analytical risk assessment tool.
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TEXAS' PERFORMANCE ASSESSMENT WORK

by

Randall J. Charbeneau and Nolan E. Hertel
Center for Research in Water Resources

The University of Texas at Austin
and

Christine G. Pollard
Texas Low-Level Radioactive Waste Disposal Authority

Abstract: The Texas Low-Level Radioactive Waste Disposal Authority is
completing two years of detailed on-site suitability studies of a potential low-
level radioactive waste disposal site in Hudspeth County, Texas. The data
from these studies have been used to estimate site specific parameters needed
to do a performance assessment of the site. The radiological impacts of the
site have been analyzed as required for a license application. The approach
adopted for the performance assessment was to use simplified and yet
conservative assumptions with regard to releases, radionuclide transport, and
dose calculations. The methodologies employed in the performance assess-
ment are reviewed in the paper.

Rather than rely on a single computer code, a modular approach to the
performance assessment was selected. The HELP code was used to calculate
the ii/il [ration rate through the trench covers and the amount of leachate
release^ from this arid site. Individual pathway analyses used spreadsheet
calculations. These calculations were compared with those from other com-
puter models including CRRIS, INGDOS, PATHRAE, and MICROSHIELD©,
and found to yield conservative estimates of the effective whole body dose.
The computer codes used were selected on the basis of availability,
applicability and completeness for this potential disposal site.

The greatest difficulty in performing the radiological assessment of the
site was the selection of reasonable source terms for release into the envi-
ronment. A surface water pathway is unreasonable for the site. Though also
unlikely, the groundwater pathway with exposure through a site boundary
well was found to yield the largest calculated dose. The more likely pathway
including transport of leachate from the facility through the unsaturated zone
and returning to the ground surface yields small doses. All calculated doses
associated with normal releases of radioactivity are below the regulatory
limits.
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Introduction

The Texas Low-Level Radioactive Waste Disposal Authority has
developed plans for a low-level radioactive waste disposal facility. The Texas
Low-Level Radioactive Waste Disposal Facility is expected to have a capacity
of 60,000 ft3 of waste per year over its operational lifetime of 30 years.
Approximately two-thirds of the total waste volume to be disposed of will be
from pressurized water reactor plants operated in the state. The remaining
one-third of the waste will come from industrial and institutional sources,
and site decommissioning. Waste from decommissioning and decontamina-
tion of the disposal facility will be disposed of on site and can be
accommodated within the 1,800,000 ft3 capacity for which the facility is
designed.

This paper reports on the performance assessment methodology for the
Texas facility. After a review of the site characteristics, the approach adopted
for the performance assessment is described and the methodologies for
exposure pathway analysis are discussed.

Site Characterization

The proposed Texas site for disposal of low-level radioactive waste is
within the Hueco Bolson, located in the Chihuahuan desert of West Texas,
approximately 40 miles southeast of El Paso and 15 miles north of the Rio
Grande. The Hueco Bolson is a large basin within the Chihuahuan desert on
the eastern portion of the Basin and Range structural province. Fine-grained
lacustrine and fluvial sediments were deposited in the Hueco Bolson over a
basement of mostly Cretaceous shallow-marine strata. The term "bolson" is
used to describe closed basins with centripetal drainage. The Hueco Bolson
has been filled with detrital materials washed in from adjacent mountains.
Individual strata within bolsons range in thickness up to 100 ft and are
typically composed of poorly sorted sediment. Cretaceous and older rocks are
exposed on the Diablo Plateau north of the site^.

The site is located on an alluvial plain characterized by gentle slope (<1
to 1.5 percent) having dendritic drainage patterns. The area is well vegetated
and includes drought-tolerant grasses, cacti, and spiny shrubs. The surface
soils consist of coarse gravel and sands. The drainage channels in the study
area are not well defined. Bed materials in the channels are sand and fine
gravel.

Rainfall events in West Texas are typically localized storms causing
high-intensity rainfall in a small area: adjacent subbasins may receive little
precipitation. Historical rainfall data from stations located in Hudspeth and
El Paso Counties have been compiled by the Department of Meteorology at
Texas A&M University for the 1859-1989 period. In addition, site-specific
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rainfall data has been gathered at four stations within the study area. This
data has been used to estimate the yearly rainfall amount and its variability,
as well as the extreme events such as the 100-yr return frequency storm. Data
from Fort Hancock, Texas, for the 1966-1987 period show a mean annual
temperature of 62 F, ranging from a monthly average low of 42 F in December
to a monthly average high of 82 F. The average annual precipitation is 11
inches, ranging from a monthly average low of 0.28 inches in March and
April to a monthly average high of 2.30 inches in September.

Groundwater in the area of the site is found at depths of 500 ft and 600
ft in bolson silt and sand and Cretaceous limestone, respectively. The com-
posite potentiometric surface shows a regional hydraulic gradient from the
Diablo Flateau to the northeast of the site toward the Rio Grande to the
southwest, representing regional recharge and discharge areas, respectively.
This general regional gradient is disrupted south of the site by the Campo
Grande fault, which acts as a high permeability media north of the fault, and a
low-permeability zone for groundwater flow toward the Rio Grande south of
the fault. Groundwater flow is directed toward the southwest around this
low-permeability zone, before it again turns toward the Rio Grande. Trans-
missivities and permeabilities have been estimated from pumping tests,
while porosities have been determined from compensated neutron and litho-
density geophysical logs of the pumping-test intervals. Trr.nsmissivities
from the bolson and Cretaceous strata range from 0.2 to 290 ft2/d; corre-
sponding permeabilities range from 0.0016 to 2.8 ft/d. Poros'ties range from
2.5 to 25 percent, with lower values found in the Cretaceous strata.W

Groundwater flow in the vicinity of the site has been modeled.
Mullican and Senger(1> show that travel times calculated along a flow path
from the central part of the Diablo Plateau to the study area, for a distance of
9.6 km, range from 204 to 2,040 yr, assuming effective porosities of 2.5 and 25
percent, respectively. However, the gradient along this flow path is very
large, with the potentiometric surface falling by more than 2,500 ft over a
distance of 3 miles. Beneath the proposed site the gradient is more on the
order of 0.001 to 0.01. With a gradient of 0.01 and a hydraulic conductivity of
1.5 ft/d and effective porosity of 0.15, an upper estimate of the seepage velouty
beneath the site is 0.1 ft/d or 36 ft/yr. Evidence that this is a high estimate of
the seepage velocity is provided by the calculated carbon-14 age from a well
located on the proposed site, which is 28,000 years.*2* Carbon-14 ages from
wells on the Diablo Plateau, representing the recharge area, range from less
than 1,000 yr, indicating recent recharge, to as much as 13,000 yr.

The unsaturated zone consists of approximately 40 to 50 ft of alluvial
silt, sand and gravel underlain by 460 ft of lacustrine and fluvial clay, silt, and
fine sand. A discontinuous layer of caliche occurs at a depth of approximately
6 ft. Physical and chemical approaches were used to evaluate moisture
movement in the unsaturated zone. Physical methods include monitoring
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moisture content with a neutron probe and monitoring water potential with
psychrometers. Chemical tracers such as bomb 36C1 were used to evaluate
recharge rates over a longer period (approximately 30 yrs). The lack of tem-
poral variations in moisture content and the low water potentials indicate
that water movement through the unsaturated zone is minimal and is
primarily restricted to upward vapor movement, probably controlled by
evapo transpiration^).

Volumetric water contents range from approximately 3% to 17% in the
surficial sediments to a depth of about 40 ft, with an average water content of
about 10%. This represents approximately 10 to 20% saturation. Between 40
and 80 ft, the water content varies from 15 to 30%, and drops to about 1%
within a sand unit at a depth of 90 ft. The deeper clay units below 100 ft are
nea*- saturation with volumetric water contents of about 30%(3).

As shown in Figure 1, water potentials generally increase with depth,
with values ranging from -1 to -150 bars. During the summer, samples from
one borehole exhibit water potentials that range from -160 bars near the
surface to -15 bars at 30 ft depth. Similar water potentials were recorded in
samples from two other boreholes (-120 to -30 bars, and -120 to -10 bars). The
hydraulic gradient is steepest near the ground surface, approximately -15
bars/ft, and indicates that there is a potential for upward movement of water.
Following a rainfall event, water potentials near the surface are close to zero
and decrease to -120 bars within 5 ft. During the winter, the range in water
potentials is smaller (-20 to - 80 bars), but still show increasing values with
depth to about 30 ft. Below 30 ft, the gradient is small(3>.

Natural infiltration rates have been estimated from chemical tracers.
Using bomb 36C1 measurements, Scanlon et alM) estimate that the average
annual infiltration rate is than 0.06 inches, which represents approximately
0.5% of the mean annual precipitation. They have found that the peak bomb
Cl has reached a depth of 1.6 feet after approximately 30 years. Based on the
peak tritium depth, they estimate an infiltration rate of 0.3 inches per year.
However, the deeper penetration of 3H relative to 36C1 is attributed to down-
ward vapor transport controlled by summer temperature gradients. Finally,
infiltration rates based on chloride mass balance ranged from 0.0004 to 0.04
inches per year. Extrapolating from the 36C1 value, which is probably the
most reliable, it would take in excess of 9,000 years for this peak to reach the
water table at about 500 ft below ground surface. However, Scanlon et al. note
that 36C1 data represents infiltration above maximum root depth, and
therefore does not account for some of the water lost to evapotranspiration.
Recharge rates derived from this method are consequently conservatively
estimated. Alternately, if one assumes plug flow and an average volumetric
water content of 0.20 from the ground surface to the water table, then the
travel time to the water table may be estimated by time = 500 ft x 12 in/ft x
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0.20/0.06 in/yr = 20,000 yrs. The chloride mass balance approach suggests
vadose zone water ages in excess of 10,000 years within the upper 20 ft of the
soil profile.<4)

WATER POTENTIAL (BARS)

H

Figure 1: Total Water Potential from Access Tubes

Performance Assessment for the Texas Site

10 CFR Part 61.41 establishes exposure limits to members of the general
population from releases of radioactivity to the general environment from
land disposal facilities. 10 CFR Part 61.13(a) requires pathways analyzed in
demonstrating protection of the general population must include air, soil,
groundwater, surface water, plant uptake, and exhumation by burrowing
animals. Although the 10 CFR Part 61.41 radiological limits are applicable
during the operational and post-operational periods, the analyses used to
demonstrate compliance with 10 CFR Part 61.41 after permanent facility
closure is commonly called a performance assessment.

The NRC has developed a performance assessment methodology for
low-level waste facilities involving a five-step program.^) The first two steps
in the methodology were identification of pathways of potential application
in a low-level waste performance assessment, and screening of those
pathways to identify which are of primary importance. The third step was to
identify models that can be used to assess the pathways. The fourth and fifth
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steps in the NRC methodology were to select computer codes that implement
the methodology and to acquire, implement, and assess the computer codes.

Potential exposure pathways are suggested in NUREG-1199^6^
as well as in the NRC methodology(5). With information from the site
characterization investigations and the preliminary design of the facility, the
screening of the pathways was carries out with most pathways eliminated and
additional pathways being suggested. In particular, the total water potential
distribution shown in Figure 1 suggests that leachate which may escape from
the facility could migrate back to the ground surface. This leads to what are
considered the normal release pathways, which are outlined in Figure 2.
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•
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Figure 2: Normal Release Pathways

In addition to the normal release pathways, the performance assess-
ment also considered groundwater pathways and an intruder-drilling
scenario. The groundwater pathways assume that leachate migrating from
the facility enters the groundwater aquifer and then migrates laterally to the
site boundary where the contaminated water is captured by a well. The
groundwater exposure pathway assumes that well-water is used for human
and livestock ingestion. Further, it is assumed that all of the ingested meat

76



and milk is produced on site with well-water, and that all of the human
drinking water comes from the well.

The intruder-drilling scenario is described in the 10 CFR Part 61
IMPACTS Methodology. <8> According to this scenario, at the end of the insti-
tutional control period, an inadvertent intruder decides to have a house built
on the facility and he must first install a well to secure an adequate supply of
water to meet his living needs. In placing the well, the drilling company is
assumed to drill through the Class B/C waste disposal trenches, bringing ion
exchange resin (XRESIN) mixed with drill cuttings and mud to the ground
surface. The cuttings settle out in the "mud pit" and the drilling crew is
exposed to direct gamma radiation from the waste contained in the mud pit.
Inhalation impacts are discounted because of the liquid nature of the
contaminated mud.

In identifying models for use in the performance assessment, the
approach adopted was to use simplified and yet conservative assumptions
with regard to releases of radioactivity, radionuclide transport, and dose
calculations. Rather than rely on a single computer code, a modular approach
to the performance assessment was selected. The HELPW code was used to
calculate the infiltration rate through the trench covers and the amount of
leachate released from this arid site. Individual pathway analyses used
spreadsheet calculations. These calculations were compared with those from
other computer models including CRRIS*10*, INGDOS<n>, PATHRAE<12>, and
MICROSHIELD©<13>.

The HELP computer model(9) was used to estimate the quantity of
water percolating through the cover system of the waste disposal trenches.
The solar radiation conditions for El Paso were used along with the mean
monthly temperature and rainfall for Fort Hancock. The cover systems for
the Class A and Class B/C trenches are similar and are composed of an upper
layer of native loam soil which will be used to support a poor grass cover for
soil stabilization. Beneath the loam layer is a layer of sand and gravel which
acts as a particle filter, and a layer of riprap which serves for wind control and
as an intrusion barrier. Beneath the riprap are geotextile and native backfill
for mass, a layer of clay which serves as a moisture barrier, and gravely sand
to minimize clzy migration. The total thickness of the cover system is 17 feet.
Design values of clay permeabilities and default values for other layers were
used. Further, it was assumed that poor grass vegetation could not be
maintained on the cover system. Analyses of the cover system using the
HELP computer code for bare soil surface conditions show a percolation value
of 0.411 in/yr. This value reflects the average percolation rate from the base
of the liner system over a 20-year period with the soil layers initially having a
water content near field capacity. If the cover is revegetated then the
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percolation rate is reduced to 0.078 in/yr. The higher value is used in the
performance assessment to calculate the rate of leachate generation.

The release rate of radionuclides from the facility has been modeled for
a period of time extending from closure of the waste facility to approximately
1,000 years beyond the estimated failure time of the concrete vaults. The
1,000-year analysis period was chosen based on the use of a 1,000-year analysis
period by the U.S. Environmental Protection Agency for calculation of
impacts to individual members of the public resulting from its general
environmental standard for low-level waste management and disposal
facilities. The modular concrete canisters for the Class A and Class B/C waste
streams have a design life of 200 years. Further, the waste form for Class B/C
waste is required by the NRC to prevent leakage for a period of at least 300
years. For the safety assessment it is assumed that the canisters fail
completely after 100 years and that the required waste form for the Class B/C
waste fails completely after 300 years. Before these times it is assumed that
there is no routine release of radioactivity. Using these assumptions, a
simulation period of 1,500 years was chosen for all analyses. The calculated
doses for longer times are also noted for critical nuclides.

Details of model development for the normal release pathways are
presented in Charbeneau, et al, 1990.*14) All calculations of radionuclide
releases, environmental transport, and doses are performed on spreadsheets.
Dose conversion factors for inhalation and ingestion are taken from EPA<15>,
while dose conversion factors for immersion, areal gamma and volume
gamma, along with transfer factors, are taken from the NRC's IMPACTS
methodology^). The resulting dose calculations were compared with those
from other computer models and found to yield conservative estimates of the
effective whole body dose. For example, the ingestion doses to man were
calculated to be 0.7 mrem/yr using the spreadsheets, while PATHRAE
calculates a dose of 0.09 mrem/yr, INGDOS a dose of 0.03 mrem/yr, and
CRRIS a dose of 0.003 mrem/yr. Generally, we have found that the more
comprehensive and complete computer models yield doses which are smaller
by at least an order of magnitude, and we have concluded that our
spreadsheet models are quite conservative.

Summary and Conclusions

Radionuclide release and transport under various conditions have
been modeled and the resulting doses to humans have been calculated. The
approach for the assessment has been to use simple models with conservative
and yet reasonable assumptions with regard to pathways. Table 1 summarizes
the results of tho calculations. Peak radionuclide doses and times are given
for each pathway and receptor location analyzed.
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TABLE 1
SUMMARY OF MAXIMUM DOSES BY PATHWAY

Pathway

Vadose Zone - External Gamma
Vadose Zone - Food - Ingestion
Vadose Zone - Atmosphere
Groundwater to well
Intruder-Drilling

Receptor Location

Onsite
Onsite
Onsite
3000 ft from site
Onsite

Peak Dosea

(mrem/yr)

7.1E-06
7.4E-01
5.3E-02
1.74E+01
2.51E-00

Timeb

(yr)

500
500

+1500
2700

100

a 50-year committed effective dose equivalent
" years after site closure

Dose projections based on these simulations indicate compliance with
the limits specified in 10 CFR Part 61. The effective dose equivalent must not
exceed 25 mrem/yr. In addition, the dose to the thyroid must not exceed 75
mrem/yr and the dose to any other organ must not exceed 25 mrem/yr. The
maximum dose rate from the contaminated well water is 17.4 mrem/yr
whole body due to 14C (13.0 mrem/yr), 36C1 (4.2 mrem/yr), and "Tc (0.2
mrem/yr). The dose rate for the intruder-drilling scenario is 2.51 mrem/yr,
due primarily to 137Cs. However, both of these scenario are unlikely. Dose
rates from the remaining exposure pathways are less than 0.8 mrem/yr. All
of these doses are below the dose limits prescribed by current regulations.
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Abstract

What activities are required to assure that a performance
assessment (PA) computer code operates as it is intended? Answers
to this question will vary depending on the individual's area of
expertise. Different perspectives on testing and control of PA
software are discussed based on interpretations of the testing and
control process associated with the different involved parties.
This discussion leads into the presentation of a general approach
to software testing and control that address regulatory
requirements. Finally, the need for balance between regulatory and
scientific concerns is illustrated through lessons learned in
previous implementations of software testing and control programs.

Configuration control and software testing are required to
provide assurance that a computer code performs as intended.
Configuration control provides traceability and reproducibility of
results produced with PA software and provides a system to assure
that users have access to the current version of the software.
Software testing is conducted to assure that the computer code has
been written properly, solution techniques have been properly
implemented, and the software is capable of representing the
behavior of the specific system to be modeled. Comprehensive
software testing includes: software analysis, verification
testing, benchmark testing, and site-specific calibration/
validation testing.

1.0 Introduction

Performance assessment computer codes are used to model a
variety of processes. Many of these processes art v-ory complex and
require state-of-the-art computer codes to provide an adequate
representation of system behavior. Such computer codes have three
notable characteristics: (1) thousands of lines of code, (2)
constantly changing to incorporate new approaches and capabilities,
and (3) numerical techniques are approximations of the actual
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process. These characteristics provide the basis for formal
testing and control of performance assessment software.

Software testing and control involves a combination of rigid
requirements related to version control and documentation and
scientific judgement regarding adequacy of testing. Regulatory and
scientific staff each have perspectives and roles in these
activities. Specific concerns tend to be based on individual
perspectives. If regulatory and scientific concerns are not
balanced, a software testing and control program can be so
restrictive that no progress can be made or so flexible that a lot
of work is completed with no record of its adequacy. Identifying
ways to obtain a balanced approach is the primary objective of this
paper.

A discussion of regulatory requirements and general standards
is provided in Section 2.0. Perspectives of regulatory and
scientific staff with respect to the software testing and control
process are provided in Section 3.0. General elements of the
software testing and control process are discussed in Section 4.0.
Section 5.0 summarizes lessons learned in previous efforts to
implement software testing and control programs. This paper places
emphasis on the sections discussing perspectives and lessons
learned from previous experiences. For detailed discussions and
examples of software control and testing, the reader is referred to
a guidelines document prepared for the National Low-Level Waste
Management Program (Seitz et al., 1990).

2.0 Regulatory Requirements

The U. S. Nuclear Regulatory Commission document entitled
"Standard Format and Content of a License Application for a Low-
Level Radioactive Waste Disposal Facility" (NUREG-1199; U.S. NRC,
1988) includes requirements for performance assessment software
control and testing. In summary, the applicant is expected to
provide the following (based on U.S. NRC, 1988, pp. 6-2, 6-8, and
6-10):

• Documentation for the computer code and mathematical
model using NUREG-0856 as a guide

• Description of uncertainties and limitations associated
with the computer code and mathematical model

• Description of methods and results of verification and
calibration testing, including sensitivity analyses and
any model validation techniques that may have been used.

Software engineering standards (ANSI/IEEE, 199 0) have been
produced by the American National Standards Institute (ANSI) and
the Institute of Electrical and Electronic Engineers (IEEE). These
standards are well-known in the computer industry and are intended
to apply to a wide variety of software. ANSI/IEEE Standards should
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be followed whenever possible. However, due to the general nature
of the standards, certain aspects do not transfer well to
performance assessment software. Prior to implementing procedures
baaed on the ANSI/IEEE Standards, it is important to recognize the
parts of the standards that do not directly apply to performance
assessment software.

Specifically, ANSI/IEEE Standards and procedures based on
these standards place a large amount of emphasis on the software
development cycle. In most cases, the performance assessment
software already exists, and thus, development issues do not
directly apply. Thus, special provisions must be developed for
existing software that address the intent of the ANSI/IEEE
Standards.

A second conflict occurs in the definition of validation in
ANSI/IEEE as opposed to the performance assessment definition.
ANSI/IEEE define validation with respect to whether the software
meets the requirements specified for the software development
cycle. If other general standards require validation of computer
models, this general definition is the one that is intended to be
followed. Validation of the mathematical model (i.e. the
performance assessment definition) is included as part of the
ANSI/IEEE definition of verification, which addresses a "formal
proof of correctness" of the computer code. In this respect, it is
not required that a computer code and mathematical model be
validated (in the performance assessment sense), but some
validation testing should be conducted to provide an indication of
the capability of the computer code and mathematical model to
simulate site-specific system behavior. Future references to
validation in this paper will assume the performance assessment
definition.

In summary, NUREG-1199 requires that a license application
include proper documentation of the computer code, documentation of
the limitations and uncertainties associated with the computer
code, and a description of verification, calibration, and
validation (in the performance assessment sense) testing that has
been conducted. ANSI/IEEE has published general standards that
address software engineering practices. These standards should be
followed to the greatest possible extent, recognizing that
application-specific variances to these standards are necessary in
the case of performance assessment. Specifically, these variances
are necessary with respect to existing software and the definition
of validation of software.

3.0 Regulatory and Scientific Perspectives

Regulatory and scientific concerns related to software testing
and control emphasize the day-to-day responsibilities of the staff
members. Regulatory concerns are typically focused on consistency
issues and the use of accepted standards. On the other hand,
scientific concerns are focused on identifying problem-specific
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limitations and defensibility issues. If the concerns of either
party are not acknowledged, the requirements can be too restrictive
or too flexible. In either case, credibility of the process can be
lost.

Conflicts identified in Section 2.0 are examples of potential
problems. From a regulatory perspective, the initial emphasis
would be to follow the ANSI/IEEE Standards to the letter. The
intent being to ensure consistency with accepted practices.
However, Section 2.0 identified that large amounts of performance
assessment software have already been developed and require special
consideration as existing software. The scientific role involves
the identification of genuine application-specific limitations to
balance the desire of the regulator to standardize. It is
recognized in the scientific community that provisions are needed
for existing software to be treated differently than software that
is being newly developed, but no standards are available. For
example, in many cases the quality of the computer code would not
be significantly improved in comparison to the effort that would be
required to retrofit an existing computer code to the ANSI/IEEE
Standards related to software development.

Balancing the concerns is not intended to circumvent the
standards, but to allow genuine limitations to be considered.
General standards are developed to apply to a wide variety of
situations. The intent of the standards should always be
maintained. However, in cases where the "letter of the law" does
not directly apply, flexibility is necessary to allow other means
of meeting the intent of the standard. Scientific staff must be
held responsible for defending a different approach to meet the
intent of the standard.

In summary, regulatory and scientific staff each have valid
concerns related to software control and testing. Balancing these
concerns is essential to maintain the highest levels of
credibility. An example regarding existing software was presented
to illustrate why balance is important. Balancing concerns should
not be used to circumvent requirements or standards, but needs to
be used where genuine conflicts exist. Section 5.0 will focus on
lessons learned in the context of balancing concerns.

4.0 Software Control and Testing

Software control and testing are conducted to maintain
traceability and reproducibility of analyses and to assure the user
that the software correctly solves a given problem. Software
control typically includes version and change control. Software
testing typically includes: software analysis, verification
testing, benchmark testing, and site-specific calibration/
validation testing. Brief descriptions of these activities are
provided in this section. Detailed discussions and examples of
software control and testing are provided in Seitz et al. (1990).
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4.1 Software Control

Most performance assessment computer codes are constantly
undergoing changes. Changes are made to add new capabilities or
correct errors as they are detected. A system is required to
assure that users are applying a current and tested version of a
performance assessment computer code. The system must also have
provisions for distributing subsequent updates of the computer code
to the users. Furthermore, traceability of the versions of the
code and accompanying test data must be maintained, such that
results obtained with previous versions of the code can be
reproduced in the case of an audit. Software control issues are
based on the presence or absence of documentation, thus relatively
strict requirements can be set. A requirement might be phrased as
follows, the analyst must be able to reproduce all results
generated for a license application on request.

Version control is necessary to maintain a controlled version
of the computer code for use in license-related analyses. Since
many performance assessment compucer codes are state of the art,
research versions may be maintained separate from the controlled
version to test new capabilities. Changes to the research version
should be at least informally documented to maintain a continuous
record of the efforts. When the new capabilities are added to the
application version of the code, a formal record of the changes
will have to be made. Change control is necessary to maintain a
record of modifications that are made to allow previous versions of
the code to be reproduced. Since users will be completing license
applications at different times, it is possible that different
versions of a computer code will be applied by different users.

4.2 Software Testing

When a new computer code is completed or modifications are
made to an existing code, testing must be conducted to assure that
the code performs as expected. The following types of testing are
recommended for a comprehensive test program: software analysis,
verification testing, benchmark testing, and calibration/validation
testing. As opposed to software control, the adequacy of software
testing is based on scientific judgement. Requirements for levels
of testing are more qualitative and flexible. Thus, peer review
should be used to "audit" a testing program. Each type of testing
is discussed briefly in this section. For detailed discussions and
examples refer to Seitz et al. (1990).

Software analysis is a general process that can be applied to
many types of software other than performance assessment software.
Programming errors can be identified and input can be provided to
the other testing activities. Three activities are recommended for
software analysis: cross reference analysis, complexity analysis,
and coverage analysis. Cross reference analyses are used to
identify improper variable and storage usage. In this respect,
programming problems can be identified and corrected prior to other
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testing. Complexity analyses are used to identify the subroutines
with the most logic paths (most complex) within a computer code.
Research has shown that the probability of error is greatest in
complex subroutines. Complexity analysis can provide information
to focus the testing program on the subroutines of greatest
concern. Coverage analyses are conducted following testing to
identify parts of the code that have and have not been tested by a
given set of test cases. The results of a coverage analysis
indicate the percentage of logic paths that are executed by each
test case.

Verification, benchmark, and calibration/validation testing
address the capability of a computer code to model physical and
(or) chemical processes. Verification testing involves comparing
the results obtained with the computer codts with results to the
same problem using an analytic (exact) solution. Problems with
analytic solutions are typically relatively simple and are ideal to
check the accuracy of the numerical approximation implemented in
the computer code.

Benchmark testing involves comparing the results obtained with
the computer code to results from another recognized code. Since
different numerical approximations may be used, the comparison
provides an indication of the consistency between the codes as
opposed to the accuracy. The benefit of benchmarking is that
testing is expanded to more complex and application-oriented
problems, which do not have analytic solutions.

Calibration/validation testing is used as final proof of the
adequacy of the mathematical model embodied in the computer code to
represent site-specific system behavior. Results of the computer
code are compared with actual field and laboratory data. In the
calibration stage, parameters are perturbed within ranges of
uncertainty to duplicate past behavior and current conditions. The
calibrated model is then used to predict future conditions.
Finally, monitoring data is collected to assess the accuracy of the
predictions.

5.0 Lessons Learned

Based on previous experience, a number of things can be done
to improve the effectiveness of a software testing and control
program. The suggestions discussed in this section are a
combination of approaches that have been proven to work well and
philosophical ideas based on problems that have been encountered in
the past. As the following text indicates, many past problems can
be attributed to a lack of balance between the regulatory and
scientific points of view.

In the past, the need for software testing and control
programs has been identified through audit findings. Audit
findings generally indicate that there is a lack of control or
consistency. Responses to audit findings have tended to attempt to
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implement strict controls and cure the problem in a short period of
time. It is important to recognize that software testing and
control is required for the license application. Thus, instead of
overreacting and implementing controls immediately, it is suggested
that controls be implemented gradually such that everything is in
place in time for the license application. Past experience has
shown that an overreaction to implement controls quickly has caused
unnecessary work to be done and set back the program even further.
A second reaction is that since a lack of control caused a problem,
then strict controls will solve the problem. It is critical to
maintain a balance between control and flexibility, where
necessary. Overly strict controls will only cause new problems.

An underlying theme to a software control program is to
minimize the impact to everyday activities, while improving the
effectiveness of the process. Software control in a broad sense is
simply generating proper documentation to ensure traceability and
reproducibility of the computer code and results. One way to
minimize impacts is to automate as much of the process as possible.
A small initial effort to develop an automated software control
system can save time and effort in the future. Analyst time can be
dedicated to productive activities such as developing codes and
conducting analyses as opposed to filling out paperwork.

Efficiency can be improved by involving more than one person
or organization in the testing and control process. Ideally, at
least one person with a regulatory (or software control) point of
view and one person with the scientific (understanding of problem-
specific limitations) point of view will be involved. Dual
involvement adds a level of independence to the process, as well as
providing balance between the two points of view. Additionally, it
allows the individuals to focus on the tasks for which they are
trained.

When setting requirements for a testing program, perspective
must be maintained on the application for the computer code. Each
application will have inherent uncertainties and will use certain
ranges of data values and execute specific routines within a
computer code. The acceptance criteria for testing should reflect
uncertainties in the data, numerical techniques, and the overall
licensing process. For example, a computer code should not be
required to predict system behavior within 1% accuracy, if an input
data value is only known with an error of ±50%. Likewise, the
testing program should focus on ranges of values and routines in
the code required for the proposed application. The initial
reaction may be to require the code to be completely tested.
However, such an effort would be extremely costly and time
consuming. Balancing the need to conduct comprehensive testing
with problem-specific requirements can produce a code that is
tested comprehensively for the application in a time-and cost-
effective manner.

It is important to recognize that effective software testing
and control requires an investment of time and funding. Once
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testing has been completed and documented, the majority of effort
is related to software control. Development and maintenance of an
automated software version and change control system is a
relatively small cost that will significantly improve system
effectiveness. Such a system will ensure that documentation is
prepared efficiently, while maintaining consistency and compliance
with specified requirements. A further problem is that with or
without automation, the costs of software maintenance and control
are often overlooked as part of the overall cost of a performance
assessment.

In summary, the objective of a software testing and control
program should not be to bring progress to a halt. The goal is for
the license application to conform to the requirements in NUREG-
1199 and other applicable regulations and standards. Thus, the
objective should be to allow progress to continue on activities
leading to the license application, while implementing the controls
necessary to assure that the final activities specifically for the
license application meet the NUREG-1199 requirements.
Effectiveness of a software testing and control program depends on
recognizing the need to balance regulatory and problem-specific
scientific concerns.
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ABSTRACT

To demonstrate compliance with the performance objectives governing
protection of the general population in 10 CFR 61.41, applicants for
land disposal of low-level radioactive waste are required to conduct
a pathways analysis, or quantitative evaluation of radionuclide
release, transport through environmental media, and dose to man.

The Nuclear Regulatory Commission staff defined a strategy and
initiated a project at Sandia National Laboratories to develop a
methodology for independently evaluating an applicant's analysis of
postclosure performance. This performance assessment methodology
was developed in five stages: (1) identification of environmental
pathways, (2) ranking the significance of the pathways, (3)
identification and integration of models for pathway analyses, (4)
identification and selection of computer codes and techniques for
the methodology, and (5) implementation of the codes and
documentation of the methodology.

The final methodology implements analytical and simple numerical
solutions for source term, ground-water flow and transport, surface-
water transport, air transport, food chain, and dosimetry analyses,
as well as more complex numerical solutions for multidimensional or
transient analyses when more detailed assessments are needed. The
capability to perform both simple and complex analyses is
accomplished through modular modeling, which permits substitution of
various models and codes to analyze system components.
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INTRODUCTION

Under the Atomic Energy Act, as amended, the NRC and Agreement
States license land disposal of low-level radioactive wastes (LLW)
using the requirements of 10 CFR 61 or comparable state
requirements. To demonstrate compliance with the performance
objective in 10 CFR 61.41 governing protection of the general
population from releases of radioactivity, applicants for disposal
of LLW are required to conduct analyses for specified environmental
pathways for potential radionuclide release away from LLW disposal
facilities. A performance assessment is a quantitative evaluation
of radionuclide release, transport through environmental media, and
dose to man, and comparison of dose estimates to regulatory
performance objectives.

The U. S. Nuclear Regulatory Commission (NRC) staff defined a
strategy (Starmer et al., 1988) and initiated development of a
methodology at Sandia National Laboratories (SNL) to be used by NRC
staff for independently evaluating applicants' analyses of post-
closure performance. The performance assessment methodology was
developed in five phases, including (1) identification of post
closure environmental pathways, (2) ranking the significance of
pathways, (3) identification and integration of models for pathways
analyses, (4) identification and selection of codes and techniques
for the methodology, and (5) documentation of the methodology and
implementation of codes. The purpose of this paper is to summarize
regulatory requirements for performance assessment in LLW licensing,
a .strategy for conducting performance assessments to support reviews
of LLW license applications, and the NRC's performance assessment
methodology for conducting confirmatory analyses.

RELEVANT REQUIREMENTS

The performance objective in 10 CFR 61.41 states that concentrations
of radioactive materials released to the general environment via
groundwater, surface water, air, soil, plants, or animals must n_t
result in an annual dose exceeding an equivalent of 25 millirems to
the whole body, 75 millirems to the thyroid, and 25 millirems to any
other organ to any member of the public. In 10 CFR 61.13 (a)
applicants are required to conduct pathways analyses including air,
soil, groundwater, surface water, plant uptake, and exhumation by
burrowing animals to clearly demonstrate there is reasonable
assurance that the exposure limits of 10 CFR 61.41 are not exceeded.
To show compliance with performance objective in 10 CFR 61.41,
license applicants must conduct a site specific performance
assessment to demonstrate that the maximally exposed individual will
not be exposed to radionuclide releases that result in doses
equivalent to or exceeding the specified dose limits.

The performance objective in 10 CFR 61.42 states that the design,
operation and closure of land disposal facilities must ensure
protection of any individual inadvertently intruding into the
disposal site and occupying the site or contacting the waste at any
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time after removal of active institutional controls over the
disposal site. This is accomplished in 10 CFR 61 through the use of
a waste classification scheme that requires improved intruder
protection for the more highly active Class B and Class C wastes.
In 10 CFR 61.13 (b) applicants are required to conduct analyses to
demonstrate that there is reasonable assurance that the waste
classification and segregation requirements will be met and that
adequate barriers to inadvertent intrusion will be provided.

A demonstration of intruder protection would normally consist of an
analysis of the longevity of materials used as intruder barriers,
and of long-term stability when depth of burial is used as intruder
protection medium. Performance assessment would not be required to
demonstrate compliance with 61.42 when the waste classification
scheme of 10 CFR 61 is followed and waste segregation, site
stability, and intruder protection measures stipulated in the
regulation are met (Starmer, 1988). If, however, an applicant
requests an exemption from the waste classification scheme in 10 CFR
61, a site-specific performance assessment consisting of intruder
scenarios and dose analyses would be required to demonstrate
adequate protection for an inadvertent intruder.

In addition, another relevant requirement includes 10 CFR 61.51 (a)
(2) which states that the disposal site must be capable of being
characterized, modeled, analyzed, and monitored. '•

NRC's PERFORMANCE ASSESSMENT STRATEGY

Starmer et al. (1988) describe a preliminary strategy for reviewing
post-closure performance assessments in support of license
applications for LLW disposal relative to the technical requirements
and performance objectives in 10 CFR 61. This paper sunijjnarizes
important aspects of NRC's current performance assessment strategy
including the specific models, codes, and techniques contained in
the performance assessment methodology for LLW disposal facilities
developed by SNL (Kozak et al., 1990b). The NRC staff is in the
process of developing guidance on specific performance assessment
issues that have heretofore not been addressed. Further discussion
of these specific performance assessment issues is outside the scope
of this paper.

Components of Performance Assessment

Performance assessment for commercial LLW disposal involves analyses
of the future behavior of a LLW waste disposal system and its
impacts on man and the environment, followed by comparison of
modeling results to the regulatory performance objectives in 10 CFR
61. The NRC staff considers that an integrated performance
assessment should include (1) a description of the natural and
engineered features of the disposal system, (2) identification of
pathways, processes and events that may affect facility performance,
(3) quantification of impacts using pathways modeling, including
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treatment of associated uncertainties, and (4) comparison of
modeling results to regulatory requirements (OECD, NEA, 1990).

Performance assessment cannot be used to demonstrate unequivocally
that a site will be safe; rather, it is a technique for examining
factors that may affect site safety and providing a basis to assess
whether reasonable assurance exists that a site will meet
performance objectives (OECD, NEA, 1990). Estimated doses are
calculated for comparison to performance objectives and are
considered to be indicators of safety, rather than absolute
predictions of doses that may be received by members of the general
public (OECD, NEA, 1990). In this way, there can be confidence that
a site meets regulatory performance objectives even though there is
uncertainty in the estimated doses (Kozak et al., 1990).

Development of a Conceptual Model

A sufficient understanding of relevant physical and chemical
properties of the disposal system and their evolution is a
prerequisite for conducting quantitative modeling (NRC, 1990).
Site-specific data are needed for model input parameters and for
developing one or more conceptual models of the subsurface. The
applicant must collect sufficient data to understand the physical
system in order to defend simplifying assumptions of the model.

In developing a conceptual model of the disposal system, the
applicant should identify a complete set of possible pathways for
radionuclide release, and describe important release scenarios,
which are postulated circumstances or events that might affect site
safety. An example of this type of scenario includes the gradual
degradation of engineered barriers of the system. Such scenarios
should include a combination of anticipated and unanticipated events
and processes, both natural and human induced. The applicant should
eliminate those pathways and scenarios which are trivial,
restricted, or obviated by other pathways and explain the process
used to eliminate potential pathways. The remaining set of
defensible pathways and release scenarios represents a large part of
the conceptual model of the waste disposal system (Starmer et al. ,
1988). The remaining aspects of the conceptual model consist of an
abstraction of site characterization data into a form that can be
modeled (Kozak et al., 1989). Simplifications must generally be
made about many aspects of the system, including system geometry,
spatial and temporal variability of parameters, and isotropy of the
system.

In general, the degree of complexity of the conceptual model should
be determined from the goals of the modeling (NRC, 1990). A simple
conceptual model may be fully adequate if it provides satisfactory
confidence in site performance (Kozak et al., 1990b).

93



Quantitative Modeling

Based on the conceptual model of the system and postulated
circumstances that could affect the overall safety of the site, the
applicant should quantitatively analyze site performance to
demonstrate compliance with performance objectives (Starmer et al. ,
1988). Applicants' analyses should be supported by modular modeling
consisting of appropriate submodels that reflect the conceptual
model. Typical submodels are infiltration, leaching, near-field
transport, groundwater and surface water transport, atmospheric
transport, plant and animal uptake, and human dose. Performance
assessment should provide a calculated equivalent annual dose to the
maximally exposed individual with corresponding maximum and minimum
values (Starmer et al., 1988).

A predictive model should be developed with the purpose of bounding
the behavior of a system to demonstrate with sufficient
understanding and confidence that regulatory criteria will be met.
Even though site-specific data form the basis for quantitative
models, such models should not be expected to realistically
represent the actual system. However, the applicant must have
sufficient data to bound the ranges of parameters and boundary
conditions and construct a defensible model of the subsurface
environment. This in turn facilitates the applicant in defending
the models's simplifying assumptions and model conservatism.

The results of predictive models should be evaluated with other
information to make regulatory decisions about site safety. Other
factors may include operational experience, and the qualifications
of those individuals collecting site-specific data, conducting
performance assessments, and interpreting model results

Uncertainties and Sensitivities

Long-term predictions of site performance are extrapolations from
known conditions, thus performance assessments should include
quantification of uncertainties associated with dose estimates and
analyses of the sensitivity of the model results to the known input
parameters and model assumptions. Uncertainties in performance
assessment result from three general sources: (1) data and
parameter uncertainty, (2) scenario uncertainty (postulated
circumstances affecting site safety over time), and (3) modeling
uncertainty. Modeling uncertainty is further subdivided into (1)
conceptual model uncertainty, (2) mathematical model uncertainty,
and (3) computer code uncertainty (Bonano and Cranwell, 1988).

Stochastic modeling may be used to assess uncertainties associated
with data and parameter uncertainty, such as heterogeneities of the
waste, design-specific engineered barriers, and site-specific
hydrogeology units. However, because of the deterministic nature of
data gathering, the uncertainty associated with how conservative or
representative a given conceptual model may be is more difficult to
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quantify, as are the scenarios, and the assessment of their
consequences (Bonano and Cranwell, 1988).

An approach for dealing with performance assessment uncertainty is
to use a bounding analysis where the scenarios, models, and
parameters are demonstrably conservative to enable a more simplistic
assessment. In this way uncertainties that are not important to the
overall safety demonstration can be screened out of the licensing
process (OECD, NEA, 1990). Site-specific data are needed to provide
bounds on ranges of parameters and boundary conditions to minimize
uncertainty associated with results (NRC, 1990). Sensitivity
analyses should be used to show which parameters or uncertainties
are important to demonstrate compliance with performance objectives,
hence which data are most crucial to collect. This may in turn
indicate additional site specific data that must be collected. Thus
performance assessment must be viewed as an iterative process of
data collection, conceptual model development/modification, and
model application (OECD, NEA, 1990). The iterative process
contributes to an understanding of conceptual model uncertainty, the
conservative nature of analyses, and confidence and defensibility in
the overall analyses.

Review of Performance Assessments

The burden of proof in demonstrating compliance with the
requirements in 10 CFR 61 resides with the license applicant. The
NRC staff independently evaluates facility performance relative to
the performance objectives in 10 CFR 61 by confirming or verifying
the assumptions and conclusions supporting applicants' analyses.
The NRC staff may conduct confirmatory analyses using the models,
codes and techniques implemented in the performance assessment
methodology developed by Kozak et al., (1990b).

In accordance with Chapter 6 of the NRC's Standard Review Plan for
LLW License Applications (NRC, 1988), in evaluating analyses of
various environmental pathways, the NRC staff will critically review
and comment on applicants' performance assessments, focusing on (1)
representation of the physical system, (2) integration of individual
analyses with other system component analyses, (3) basis for
selection of model input, (4) model execution and underlying
assumptions, (5) analysis of uncertainties and sensitivities, and
(6) use of modeling results in support of the compliance
demonstration. The amount of independent modeling to be conducted
by NRC staff is determined based on expert judgement, the
significance of uncertainties associated with model assumptions and
results, and degree of confidence in the models and codes used by
the applicant (Starmer, 1988).

The minimal independent action that the NRC staff may take is
reviewing an applicant's modeling, making comments, and evaluating
whether the applicant's responses to the comments provide reasonable
assurance that the performance objectives will be met. Preparation
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of comments does not necessarily require NRC staff execution of
performance assessment codes.

In contrast, the maximum independent action that the NRC staff can
take is to conduct independent modeling of all pathways using the
codes and techniques in the NRC's performance assessment
methodology. Alternatively, the NRC staff may use the methodology
to analyze subsets of the applicant's analyses and test individual
assumptions. The NRC staff is likely to perform relatively simpZ-
and conservative assessments to evaluate the validity of the overall
modeling results. Simple models and codes embodied in methodology
are preferred for confirmatory analyses as long as their use can be
defended considering the full disposal facility (Starmer et al.,
1988).

In general, reasonable conservatism should be folded into
performance assessments from the beginning (Starmer et al., 1988).
If a bounding conservative model can be used to demonstrate
compliance, then realistic analyses are not necessary (NRC, 1990).
A simple deterministic modeling approach is preferred for its
efficiency, cost effectiveness, and defensibility (Starmer et al.,
1988).

In reviewing modeling results, the NRC staff will evaluate whether
the applicant's performance assessment provides reasonable assurance
of compliance with the regulatory requirements (Starmer et al.,
1988). In addition, staff will assess whether the applicant has
provided sufficient data to support the simplifying assumptions of
the analyses and to support the conceptual model of the disposal
system. In addition, staff will ensure that all pathways have been
considered and that all factors affecting site safety have been
quantitatively analyzed and justified as to why they need not be
considered in the compliance demonstration. The NRC staff will
check if the applicant has adequately incorporated into the results
inherent uncertainties stemming from characterization of input
parameters, simplifying modeling assumptions, and computational
methods (Starmer et al., 1988). The results of analyses should
incorporate maximum and minimum ranges of dose to the maximally
exposed individual, and discuss the reliability of predicted results
due to uncertainties of input data and analyses. In addition, dose
estimates should be presented as a function of time, considering
half-lives of specific radionuclides and expected waste inventories
and durability of natural and engineered barriers (Starmer et al. ,
1988).

The NRC staff will ensure that all codes used by the applicant to
support the license application should be sufficiently documented,
verified, and benchmarked in accordance with NUREG-0856 (NRC, 1983)
so that technically competent reviewers can successfully reproduce
the performance assessment modeling and develop comparable,
defensible results. Data collection and modeling should be
performed using an acceptable quality assurance plan following the
guidance provided in NUREG-1293 (NRC, 1989). Models should also be
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calibrated using available site-specific data (Starmer et al.,
1988).

OVERVIEW OF THE METHODOLOGY

The tool that NRC staff will use to conduct independent evaluations,
and to evaluate sensitivities and uncertainties in the analysis, is
the performance assessment methodology developed at SNL. The
methodology is intended to be capable of analyzing several different
types of disposal facilities in a potentially wide variety of
geological and climatic settings (Kozak et al., 1990b). This need
for flexibility is a primary characteristic of the methodology, and
is reflected in its modular structure. In the modular approach to
performance assessment, the methodology consists of a more or less
loosely grouped collection of computer codes for different parts of
the analysis that require some user interaction to provide data
interfaces between the codes. By contrast, in a systems code the
data interfaces are accomplished internally to the code, and the way
in which the interface is accomplished is hidden from the user and
unchangeable.

The primary modules considered in the methodology are ground-water
flow, source term, ground-water transport, air transport, surface-
water transport, food chain, and dosimetry. Other effects, such as
biointrusion, can be analyzed using the methodology, but are not
considered to be of primary importance (Shipers and Harlan, 1989).
The food chain and dosimetry modules are fairly standardized, as
embodied in NRC Regulatory Guide 1.109 (NRC, 1977) and ICRP
Publication 26 (ICRP, 1977). As a result, there is only one method
for food chain and dosimetry analyses in the methodology. By
contrast, for each of the other modules in the methodology, either a
simple analysis or a more complicated analysis can be chosen. For
example, in the ground-water flow and transport modules, the analyst
can use either simple one-dimensional steady-state semi-analytical
solutions for homogeneous media, or more a elaborate numerical
analysis, which can account for transient phenomena in a variety of
heterogeneous media with a variety of boundary conditions.

The flow analysis must account for flow in both the saturated and
unsaturated (vadose) zones. A moisture-barrier cover is usually
included as part of the design of a low-level waste facility, which
complicates the vadose-zone flow analysis. Designs for cover
systems typically include several soil layers that provide low
permeability coupled with high capillarity (Herzog et al., 1982).
Flow through such barriers is intrinsically multidimensional, since
the purpose of the engineered cover is to laterally divert a
vertical flow rate. Consequently, it is usually necessary to use
multidimensional analysis to determine the optimum performance of
the cover. If one-dimensional analyses are used in the performance
assessment, it is necessary to compare these with a multidimensional
model of the cover to demonstrate that the one-dimensional model
provides a satisfactory representation of the cover behavior. VAM2D
(Huyakorn et al. , 1989) has been recommended for the flow analysis
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in this methodology. This code has considerable flexibility in the
types of boundary conditions tnat can be specified, and has been
found to contain robust numerical methods (Kozak et al., 1990a).

Source term analyses must contain components that analyze the
failure of structures and containers, the leach rates of
radionuclides, and the transport of those contaminants to the
boundary of the disposal unit. Failure of concrete structures is
modeled in this methodology as a delay time to the onset of
releases. There is no adequate existing model to analyze the
details of failure of concrete structures to estimate the failure
time or the mode by which they fail. Instead, currently available
models are only adequate to make qualitative comparisons between
types of concrete (Clifton and Knab, 1989).

One of two methods can be used to analyze the breach rate of waste
containers in the methodology. A simple approach can be used, in
which the failure of containers is modeled as a delay time to the
onset of releases. Alternatively, the method of Sullivan et al.
(1988) can be used to analyze the breach of carbon-steel containers.
This method uses a semi-empirical model for pitting and general
corrosion rates, with empirical parameters determined from generic
subsurface corrosion data. The advantages and drawbacks of this
approach have been discussed in detail by Sullivan et al. (1988) and
by Kozak et al. (1989). This method for determining container
corrosion is incorporated into the BLT (Breach, .Leach, and
Transport) computer code (Sullivan and Suen, 1989).

There will often be large uncertainty in modeling the leach rates in
the disposal unit. This uncertainty arises from the large number
and variety of waste types and forms in low-level waste, and from
the complex chemistry of interaction between waste constituents and
their surroundings. As a consequence of this uncertainty, an
approach should generally be used that provides confidence in the
conservatism of the source term analysis.

One approach that can usually be considered conservative is to use a
surface-wash leaching model. In this model it is assumed that the
waste resides at the waste form surface, and is immediately
available to be washed off by passing water. The idea behind the
model is that mass-transfer limitations are neglected, which leads
to rapid predicted releases. This modeling approach is particularly
appropriate for use in modeling releases from unstabilized waste,
since unstabilized waste is particularly uncertain in chemical form
and physical structure. For stabilized waste forms in which
convection can be neglected, a diffusion-limited leach rate is
appropriate (Sullivan et al., 1988; Matsuzuru and Suzuki, 1989), and
such a model has been incorporated into the methodology.

A simple analytical source-term analysis has been developed for use
in the methodology that is based on a mixing-cell model, but which
incorporates dispersion in the disposal unit in a simplified manner
(Kozak et al., 1990a). Either surface-wash or diffusion-limited
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leaching releases can be modeled. This simple source-term model
provides analytical estimates of releases from the disposal unit,
and retains much of the flexibility of more complicated analyses.
However, more detailed source-term models have been retained in the
methodology in the form of BLT (Sullivan and Suen, 1989).

Both simple and more complicated codes are included analyzing
ground-water flow and transport. A Green's function solution is
used for simple analyses of ground-water transport. The solution
method is strictly valid for constant one-dimensional aquifer flow
in an isotropic aquifer of constant or infinite thickness. However,
the method can often be used to conservatively approximate ground-
water concentrations when these criteria are not strictly fulfilled
by using conservative estimates of parameters in the model.
Similar solutions have recently been recommended for use in low-
level waste performance assessment applications (Rood et al., 1989;
Matsuzuru and Suzuki, 1989). The Green's function solutions and the
simple source-term model have been combined in a program called
PAGAN (Performance Assessment Ground-water Analysis of low-level
Nuclear waste), which provides a simple menu-driven input and output
structure for the analysis (Chu et al., in press). More complicated
ground-water transport analyses can be performed in the methodology
using BLT (Sullivan and Suen, 1989) or VAM2D (Huyakorn et al. ,
1989) . Complications in the analysis may include transient and
multidimensional flow fields, and complicated boundary conditions.

The results from these codes can be used as input to analyses of
surface-water transport, air transport, and food-chain and
dcsimetry. The computer code GENII (Napier et al., 1988) has been
recommended for use in the methodology for these pathways. GENII
contains both simple and more complicated modeling approaches for
both surface-water transport and air transport analyses, which is in
keeping with the philosophy of retaining the flexibility to analyses
in more than one way.

The result of the performance assessment analysis is a series of
dose histories for each radionuclide of importance. The
contribution of each radionuclide to the dose must then be added
together to produce the total predicted dose. This dose estimate is
intended to be compared with the regulatory performance objectives
in 10 CFR Part 61.41. Estimated doses are not intended to reflect
actual doses that may be received by members of the general public.

ONGOING WORK

The NRC staff has initiated a project at Pacific Northwest
Laboratories (PNL) to test the individual techniques and codes of
the methodology using existing site databases, and to compare codes
of the methodology to other codes for each pathway. The result of
this work will become available in 1992 and 1993 and will be used to
update and refine the methodology. In addition, NRC staff has
contracted with Brookhaven National Laboratories (BNL) to develop a
source term methodology that allows for more realistic assumptions
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than used in NRC's current approach, but less mechanistic and data
intensive than needed for the BLT code developed by BNL. The result
of BNL's work will be available in 1993 and will be incorporated
into the methodology. Sandia National Laboratories (SNL) has begun
a project to update and improve the methodology using the products
of other NRC contractors as they become available. SNL will
recommend to NRC an approach for treating uncertainties in the
methodology, and evaluating existing models and codes to treat
breaching of engineered barriers. This work will also be
incorporated into the methodology in 1992 and 1993. Finally, the
NRC staff is expanding its strategy for performance assesstient to
include guidance on key performance assessment issues imbued in the
licensing process. This guidance should be available in 1952.

SUMMARY

This paper summarizes the NRC approach for conducting evaluations of
license applications for low-level radioactive waste facilities.
Discussions are provided on the overall strategy to be used by NRC
staff in performing the evaluations, and on the specific modeling
approaches to be used in conducting the evaluations. The
methodology is still evolving, and improved modeling approaches are
unde r deve1opment.
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ABSTRACT

Progressive changes in regulations governing the disposal of the nation's radioactive and
hazardous wastes demand the development of more advanced treatment and disposal systems. The
U.S. Department of Energy's Radioactive Waste Technology Support Program (formerly the Defense
Low-Level Waste Management Program) was given the task of demonstrating the degree of excellence
that could be achieved at reasonable cost using existing technology. The resulting concept is a
Waste Treatment and Disposal Complex that will fully treat contact-handled mixed and low-level
radioactive waste to a disposable product that is totally liq jid-free and approximately 98% inorganic.

An excellent volume reduction factor is achieved through sorting, sizing, incineration,
vitrification, and final grouting. Inorganic waste items larger than 1/4 in. will be placed in inexpensive,
uniform-sized, smooth-sided, thin-walled steel boxes. The smaller particles will be mixed with sulfur
polymer concrete and pumped into the boxes, filling most voids. The appendage-free boxes
measuring 1 x 1 x 1 m will be stacked tightly in an abovegrade, earth-mounded, concrete disposal
vault where a temporary roof will protect them from rain and snow. A concrete roof poured directly on
top of the dense, essentially voidless waste stack will be topped by an engineered, water-shedding
earthen cover.

Total cost for design, construction, testing, 30 years of treatment and disposal, administration,
decontamination and decommissioning, site closure, and postclosure monitoring and maintenance will
cost less per cubic foot than is currently expended for subsurface disposal. A radiological
performance assessment conducted by Rogers and Associates Engineering Corporation shows this
concept will exceed the nation's existing disposal systems and governmental performance objectives
for the protection of the general public by a factor of 30,000.

a. Work supported by U.S. Department of Energy, Idaho Operations Office, under DOE Contract No.
DE-AC07-76IDO1570.
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BACKGROUND

Public demands for more environmental protection, problems associated with hazardous and
mixed waste, and the closure of many low-level waste disposal sites (primarily because of water
intrusion and subsequent atmospheric contamination) required action. The U.S. Nuclear Regulatory
Commission (NRC), U.S. Department of Energy (DOE), U.S. Environmental Protection Agency (EPA),
and various agencies of state governments met the challenge with increasingly stringent treatment
and disposal requirements for low-level radioactive waste (LLW). Even tighter controls seem likely in
the future.

However, rising oil prices and new direction in environmental regulations concerning acid rain,
the ozone layer, hazardous waste, etc. were making nuclear energy more environmentally acceptable
to the public, if not preferable.

DECISION TO STUDY

In response to both the need for publicly acceptable LLW disposal and the need for
responsible construction of nuclear power plants and weapons systems, DOE's Radioactive Waste
Technical Support Program (formerly the Defense Low-Level Waste Management Program) was
funded by DOE Headquarters to draw from the best of the free world's existing (state-of-the-art) waste
treatment and disposal technologies, and create a concept for waste treatment and disposal that
would achieve maximum volume reduction and ideal disposal with maximum environmental protection.

The developmental document was expected to confirm the belief that the nuclear industry
could combine its assets and produce a top-of-the-line treatment and disposal program at an
economical price. Because of time and budget constraints, the decision was made to limit the scope
of the project to solid LLW of a volume typical of the national average. Volume-reduction factors were
to be based strictly on known data that could be substantiated by operational LLW volume-reduction
programs. The only DOE site with significant waste treatment was the Idaho National Engineering
laboratory (INEL) at Idaho Falls, Idaho. Coincidentally, the INEL was the only site with LLW content
codes, so INEL waste was selected for modeling purposes. If the concept proved realistic, the
conceptual design could be used by any DOE (or commercial) site in the United States as the genesis
for final design of a treatment and disposal complex for the specific waste to be processed at that site.
If proven sound, further efforts to improve the concept would be pursued.

As a minimum, the design would meet the requirements of 10 CFR 61 and Chapter III of DOE
Order 5820.2A, the regulations of state governments, and the perceived desires (realistic desires) of
the public. In general, the treatment and disposal concept to be developed would significantly reduce
the chance of contaminating the environment, reduce future liability, and improve public perception of
the nuclear industry.

COMPLETED STUDY

The resulting report, Application of Existing Low-Level Waste Technology Offers 17-To-1
Volume Reduction and Enhanced Disposal At Low Cost.1 was published in October 1988. The report
is available upon request from this author. Throughout this summary, the report will be referred to as
"The Report." The resultant Waste Treatment and Disposal Complex will be referred to as the "WTDC.11

ORIGINAL EXCLUSIONS

The treatment facility was to treat only contact-handled solid LLW. Combustible liquids were
excluded from treatment. Pyrophoric waste, sludges and resins were to be stabilized in high-integrity
containers (HICs). Remote-handled waste (waste packages emitting >500 Mr/h at contact) was
excluded from both treatment and from cost development because they were already being
successfully placed in casks by the generators. Melting was a viable option, particularly for
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declassifying metal waste, but none of the waste analyzed for this study was classified, so melting was
excluded. Organizational responsibilities did not include mixed waste at that time, so it was excluded
from treatment.

No options were to be considered. The task was simply to determine the feasibility and
benefits of a single concept - that the prototype treatment and disposal complex would be designed
to handle the majority of LLW categories, and any site could add any features they deemed
necessary to accommodate the peculiarities in their own unique, site-specific, special-case wastes.
The wastes excluded from treatment comprised less than 5% of the total. However, since the original
development of this concept in 1988, most of the exclusions have been eliminated.

MORE RECENT DEVELOPMENTS

The original 1988 design is functional as it stands, but improvements have been made to the
concept, even though no effort has been made to update and reissue The Report. What is described
herein reflects the latest developments. The cost of design, construction, and operation is expected
to increase only slightly, because some equipment has been added or removed, and some processes
have become more complicated or simplified. It has been decided to include the cost of developing
new roads, power lines, and utilities for placement of the complex on previously unused land,
additions that raise the cost somewhat.

Specifically, a 5000-ton compactor was eliminated altogether; a joule-heated melter was added
to accommodate sludges, resins, and possibly pyrophorics; use of reusable waste transport bins was
increased dramatically; sulfur polymer cement is to be used as the waste solidification agent instead
of Portland cement; mixed waste will be accommodated; and combustible liquids will be treated.
These changes accommodate all of the wastes looked at, rather than only 95%. There may, of
course, be wastes that cannot be treated adequately with existing equipment, but they are expected
to be in the extreme minority.

DESIGN AND OPERATION

In almost all past cases, waste treatment activities have been separated from disposal
operations. That concept resulted in miscommunication, transportation problems, health physics
problems, unnecessary contamination spread, and duplication of records, guards, workers, and
management. A key concept behind the WTDC is to locate the Waste Treatment Facility (WTF) and
the abovegrade, earth-mounded concrete disposal vault (AGEMCV) on one site, allowing a single
team under one manager to handle both treatment and disposal. Waste would be treated
appropriately in the WTF, then transported to the AGEMCV via an automated, short-haul, dedicated
transfer system. This feature eliminates cost, and potential problems associated with health-physics
inspections and U.S. Department of Transportation (DOT) regulations governing the shipping of low-
level radioactive wastes. Workers would be cross-trained, resulting in ongoing operational
improvements. The WTF will fully treat all entering waste using exactly the same treatment processes,
regardless of DOE or NRC waste classification. The WTDC would be a total system concept, a
complete facility for economically managing both the treatment and disposal of LLW.

Unsorted Waste and the Sorting Table

Some 65 vol% of the overall waste generated will be transported to the WTF in standard-sized,
reusable, double-lid bins measuring approximately 4 x 4 x 7 ft. Waste in those bins will be transferred
by a double-lid transfer system to a lazy-susan sorting table, which is similar to baggage claim
systems found in airports. Approximately 25 vol% of the total generated waste consists of organic
waste such as plastic bags, wipes, shoe covers, and rags that can be separated from inorganic waste
at the sorting table and routed to the organics shredder via conveyor. (This sorting feature has since
been added to the fully operational waste treatment line in the Scientific Ecology Group's waste
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treatment facility at Oak Ridge, Tennessee.) The remaining waste is inorganic, and is routed by
conveyors for plasma-arc torch sizing, shear sizing, shredder sizing, or is routed directly to the fines
separator.

Sorting is the key to achieving 1900% volume reduction in the WTF. To achieve that volume
reduction, it is essential that nearly all of the generated solid LLW be routed through the WTF. Waste
sorting inside the WTF and sorting by the generators will make it possible and practical to incinerate
nearly all organic material. An estimated 98 vol% of the waste leaving the WTF will be inorganic,
which dramatically minimizes previous problems with waste degradation, gas generation, and
subsidence after disposal.

Reusable Bins

In the original report, reusable bins were only routed to the sorting station. The most recent
concept calls for reusable bins containing generator-certified segregated waste to be routed directly to
the applicable treatment station (incinerator, joule-heated melter, sizing area, organics shredder,
inorganics shredder, and fines separator). While this change will increase design and construction
costs, it will reduce operating costs and radiation exposure of the workers.

Organic Waste Sizing

Organic waste in reusable bins and from the sorting table will be transported to the organics
low-speed shredder for fluffing, splintering, and general size reduction, all of which aid in total
combustion. This waste will be packaged and routed to the incinerator.

Controlled-Air Incinerator

Approximately 30 vol% of the waste is dry incinerable waste packaged in cardboard boxes by
the generators and delivered to the WTF in reusable international cargo containers. That boxed waste
will be routed directly to the WTF incinerator without sorting. On the other hand, railroad ties, timbers,
pallets, etc., that cannot be placed in reusable bins will be delivered through the sizing area airlock
and routed through the WTF to the organics shredder. Generator-certified, dry organic waste in
reusable bins, along with organic waste from the sorting table, will be routed directly to the organics
shredder. Organics exiting the shredder will be packaged for incineration in a dual-chamber,
controlled-air incinerator. The incinerators used are the same type as those successfully used at
INEL's Waste Experimental Reduction Facility (WERF), and at the Scientific Ecology Group.

Some 25 vol% of the organic waste will come from the sorting operation. Altogether, about
55 vol% of the total generated waste will be incinerated and the contaminated ash will be blended into
a grout mixture for an overall volume reduction of approximately 124 to 1. Periodically, fly ash will be
routed pneumatically to the fines blending tank. Hearth ash will be transported to the fines separator.
The incinerator will be used to combust flammable liquids (a new feature). The incinerator's
secondary combustion chamber provides 3 seconds of resident time at 2200°F, which will
accommodate most mixed waste.

Inorganic Waste Sizing

Approximately 5% of the generated waste consists of large metal items that require sizing
before being placed in the disposal box. Jigs, fixtures, and other cumbersome, contaminated metal
waste items too large for delivery in reusable bins will be delivered directly to the sizing area through a
large airlock. Other large metals will be delivered directly from the generator to the sizing area via
conveyor from the sorting table and also via reusable bin. Once sized by plasma-arc torch or shear,
those inorganic items can be placed in the low-speed shredder for further sizing, or placed directly in
the fines separator.
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Reusable bins filled with inorganics such as glass, rock, bricks, and reinforced concrete
(usually from decontamination and decommissioning efforts) will be delivered directly to the inorganics
shredder. The shredder will feed its residue to the fines separator.

Fines Separator

Shredded inorganic waste, incinerator hearth ash, floor sweepings, and designated waste in
reusable bins will be routed directly to a fines separator where particles 1/4 in. and smaller will be
removed and transferred to the fines blending tank by pneumatic conveyor. The larger items will be
conveyed by the fines separator to the inorganics accumulation and staging table.

Inorganics Accumulation and Staging Table

Inorganics larger than 1/4 in. coming from the sizing area and the fines separator, and
possibly reusable bins, will be accumulated on an enclosed table with a 3-ft by 3-ft hole in it. When a
disposal box has been affixed to the bottom side of the hole, selected inorganic waste will be pushed
into the hole by a rake manned by an operator on the outside of the containment. Once the box is
sufficiently full, it will be sealed and moved to the grouting area.

Fines Blending Tank

Fines from the fines separator, bag house, and incinerator hearth will be routed to the fines
blending tank on the second floor via pneumatic conveyors. Plasma-arc torch residue, floor
sweepings, and dust from dust collection systems throughout the WTF are also routed to the fines
separator. Dirt, sand, glass, rock, concrete, and gravel introduced to the shredder or to the fines
separator will provide a large portion of the fines. The fines will be used as aggregate for grouting.

5000-Ton Compactor

Originally, all the inorganic waste larger than 1/4 in. was to be routed to a "puck" box. The
puck box is filled, sealed, and automatically routed to a 5000-ton compactor, where it would be
reduced to a rectangular "puck." Since this sealed puck would contain voids that could not be
reached by grout, it meant that maximum volume reduction could not be achieved. This expensive
compactor was eliminated from the WTF. Its elimination reduces equipment, space, maintenance,
personnel cost, worker radiation exposure, and downtime, while improving the end product.

Joule-Heated Melter

Sludges and resins will be routed to a joule-heated melter for vitrification. Since the
temperatures reach 3000°F, some special-case mixed waste may also be directed to this system. It is
believed that pyrophorics up to 0.5 wt% can be treated in this mefter. The resultant glass will be
poured in small quantities and placed in the disposal box for grouting. The joule-heated melter is a
new addition to the WTF. In regard to the original cost estimate, its cost impact is expected to be
negligible since $200/ft3 was provided for this waste before the joule-heated melter was added.

Waste Grouting System

Grouting is the final treatment. All inorganic waste items larger than 1/4 in. surviving the fines
separation will be placed in inexpensive, uniform-sized, smooth-sided, thin-walled, carbon-steel
disposal boxes measuring 1 x 1 x 1 m. When filled, a thin lid with two cylindrical openings will be
permanently affixed to the box by a robotic welder. It is extremely important that the boxes be exactly
the same size for void-free stacking in the disposal vault; therefore, the box will be supported on all six
sides by a heavy metal mold-form that will also prevent bulging and assure the final shape is uniform.
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Sulfur polymer concrete (SPC) mixed with the contaminated fines (particles smaller than 1/4
in.) will be pumped into the boxes, filling most voids. Since sulfur polymer concrete is liquefied by
heat rather than water, there will be no liquid whatever in the final waste form. In fact, it will be
essential to heat the contaminated aggregate to SPC melt temperature prior to mixing, concurrently
driving off any moisture picked up by the waste from the atmosphere. The mold-form will contain the
disposal box until the sulfur polymer concrete has cooled enough to become firm. (Once cooled, SPC
has effectively reached its maximum strength, which is twice that of Portland cement concrete.) The
mold-form is removed and the disposal box proceeds through the normal package-identification
procedures (weighing, contamination check, radiation analysis, classification, inventory control, and so
forth). The approved disposal box is then placed on a small, covered railcar and delivered to the
AGEMCV, an abovegrade, earth-mounded, concrete vault, via a dedicated narrow-gauge rail system.

Aboveqrade, Earth-Mounded. Concrete Disposal Vault (AGEMCV)

The appendage-free boxes will be stacked tightly in an AGEMCV. To protect the disposal box
from water, the waste-box delivery zone and the entire vault will be covered by a roof during the years
of vault-filling operations. The AGEMCV is shown in Figure 1.
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- ' / .— 24 in ol Door soil and rocks
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Figure 1. The vault is placed above grade and above the probable maximum flood plain with a
sloped engineered cover to keep water from the waste. A water-shedding concrete roof will be
poured directly on top of the dense, essentially voidless waste stack, then topped by an engineered,
water-shedding earthen cover. Waste with the highest radiation or classification is placed on the floor
along the centerline of the vault, and the most benign waste is placed against the walls and ceiling.
Concreted in identical containers, the waste will have a density of approximately 195 Ib/ft , and will
support the concrete roof and the earthen cover without subsidence.
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VERSATILITY OF THE WTDC

As designed, the WTF could accommodate extreme variations in waste composition, with no
adverse impact on operations. The designed complex allows one area to close for maintenance with
minimal impact on operations in other areas. The WTF is designed to treat waste at a rate of 450,000
ft3 per year with a single crew working 5 days a week (the average annual volume of waste disposed
of at DOE LLW-disposal sites); however, it will accommodate several times as much waste by
enlarging the operations crew and implementing a three-shift, 7-days-per-week work schedule. As
waste throughput increases, the cost of treatment and disposal decreases, and of course, the
opposite is true.

VOLUME REDUCTION POTENTIAL

Over a 30-vear period, the WTF portion of the Waste Treatment and Disposal Complex would
treat 13,500,000 ft3 of incoming LLW and produce 790,000 ft3 for disposal in the AGEMCV. The
technical volume reduction achieved by treatment alone is 17 to 1. The actual volume reduction for
disposal is 19 to 1, which is achieved by using smooth-walled, standard-sized, disposal boxes that are
cubular and have no appendages. This ensures that extremely dense packing in the vaults can be
achieved with essentially no voids. (Cylindrical containers and containers with forklift cleats or lifting
lugs create large voids in today's waste stacks, and promote subsidence.)

The WTDC volume reduction factor is quite significant when compared to the overall reduction
factor of LLW treated at the INEL. In 1988, WERF was able to process 60% of the LLW generated on
the site with a volume reduction ratio of 10.5:1 (the most efficient waste reduction ratio in the DOE
system). However, without sorting, the remaining 40% of waste generated at the INEL could not be
processed by WERF. This brought the overall reduction ratio for the INEL site down to 2.5:1. Using
the same LLW generated in 1988 at the INEL, the WTDC would be able to process 100% of the waste,
for an overall volume reduction ratio of 19:1.

A volume reduction ratio of 19:1 is impressive, but this factor will increase and decrease as the
waste composition changes. What is important is that, short of melting, the density for any given
waste will be near the achievable maximum.

COST OF CURRENT WASTE TREATMENT AND DISPOSAL TECHNOLOGY

Current treatment of low-level radioactive and mixed waste is expensive. Many experimental
systems have been constructed, and shut down without processing any waste. Others are minimally
effective.

Current disposal practices are expensive. Disposal containers are expensive, and the
manpower required to place waste in them and seal them is also expensive. The concept of using
high integrity containers (HICs) is very costly and does nothing to enhance the waste form. Different
equipment is required to handle and stack many different container types; high radiation packages
require special handling; stacked packages are covered with earth and then subsidence occurs, and
Health Physics is always involved at both the treatment facility and the disposal facility. All in all,
considerable manpower is expended. Worst of all, most of the waste will probably be dug up and
reprocessed in our life time. The cost has been high, and may skyrocket.

DOE's 1987 Annual Report to Congress stated that disposal of low-level radioactive waste in
earth-mounded concrete bunkers could range from $45/ft3 to $113/ft3.2 There is little doubt that the
waste that would have occupied those bunkers would not have equaled the quality of WTDC waste,
nor would the radiological performance assessment come anywhere close to that of the WTDC.
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COST AVOIDANCE WITH THE WTDC

The WTDC will eliminate a great deal of expense and radiation exposure to the workers by relying on
reusable double-lid bins to transport the waste to the WTF. Automated systems will be used at the
generator's site to move the reusable bins into waste-collection positions, transport the waste to the
WTF, discharge the waste into the appropriate treatment systems, and transport the empty bins back
to the generator. It is the use of reusable containers that provides the major cost savings in the
30-year life of the WTDC:

1. The reusable bin, which will measure approximately 4 x 4 x 7 ft, is a closed system concept of
automated waste packaging. These bins can be placed in the generator's facility at strategic
locations and manually loaded without the manpower-intensive, waste-item wrapping that is
now required, because the "interior* surfaces of the bin can be exposed to contaminated
zones, while the "exterior" of the bin is only exposed to clean air. When the bin is full, it is
closed automatically and retracted from the system. The only surface that can be
contaminated is a tiny line around the lid that can be wiped and swiped quickly. Hardly any of
the normal maintenance and precautions required for today's boxes and drums will be
required (no exterior plastic covering while filling, no knives, no tape, no blotter paper, etc.).
Upon delivery, the same advantages are offered at the WTF; the waste is dumped from the bin
to the treatment system and the bin is closed and retracted with minimal human involvement.

2. Because the waste does not require the wrapping that it now requires, the sorting operators
will spend less time in a contaminated environment unwrapping the waste items. Less time,
less exposure, less cost, and less chance for skin contamination.

3. The WTDC will be disposing of approximately 19 times fewer containers, each of which is
expensive. In contrast, the onetime procurement cost for some 1600 reusable containers that
can be used approximately 100 times is small, and the cost of the WTDC disposal box is quite
small.

4. With 19 times less waste for disposal, there will be less handling, less radiation exposure to
workers, and less disposal land to purchase and manage.

Some people will question the wisdom of constructing an AGEMCV, wondering how we can
justify such an edifice "when it's only for low-level and mixed waste." There are two strong
justifications: one, it should go a long way in proving to the public that we are serious in our efforts to
clean up the waste; two, it will be less expensive than current concepts. The latter is an example of
early high expense to save later higher expense. The vault and its automatic stacker are expensive,
but the waste is all uniform in size and shape and is stacked with an automated (robotic) system with
essentially no human involvement. Worker expenses in current systems would quickly exceed the
cost of a concrete vault. The computer inventory system will tell the stacker system where to place
each disposal box -- it can even store the box on the vault floor until a suitable permanent location is
available. (The most radioactive waste is placed along the centerline of the vault and on the floor,
while the most benign waste is placed along the walls and at the ceiling.)

COST AND QUALITY OF DISPOSAL USING THE WTDC

Based on the preconceptual design presented in The Report, the cost of treatment and
disposal in the WTDC for a 30^year period was $17/ft3 of incoming waste. With $50M cost-avoidance
for reusable bins, it was $13/ft . So that the cost is not misquoted, it must be explained. The cost
includes design and construction, permits, materials, operating personnel, overhead, environmental
monitoring, post-closure environmental monitoring, operational testing and modification, allowance for
generator-treated waste, decontamination and decommissioning of the WTDC, and post-closure site
maintenance (all based on a 30-year operating life). Cost of transportation was not included since it
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would stay essentially the same as it is. In hindsight, transportation probably should have been
calculated and included in the developmental costs. The cost is in 1988 dollars. No interest or
inflationary figures were added. Furthermore, the cost calculations were based on the precise waste
examined, the precise quantity, and the precise rate of treatment used in The Report. The cost was
based on the waste treatment and disposal concept developed in the original 1988 report and has not
been adjusted for the improvements in concept. Any change in these and other variables will change
the cost figure.

The WTDC has been presented across the nation for two years, and some 600 copies of The
Report have been issued, yet there have been no adverse comments except on Portland cement
(which has been replaced) and on how the cost was based on cost avoidance and contained no
inflationary adjustments. An 11 -member Value Engineering team reviewed The Report for a week and
recommended no changes. Rogers and Associates Engineering reviewed the concept presented in
the report while developing its radiological performance assessment of the WTDC and found it to be
30,000 times better than required by governmental agencies.3 This concept has been challenged
many times, and has been proven successful - primarily because it is an amalgam of the nation's
leading research into waste treatment systems.

SUMMARY

Organic waste is incinerated to an inorganic condition, all waste is treated to a water-free
condition, the waste solidification agent has no water in it and is actually impervious to water, the
disposal box is sealed to prevent water entry, a temporary roof keeps water out of the vault during
filling, atmospheric water is kept out of the waste stack by a concrete roof and by a water-shedding
earthen cover over the roof, and groundwater is discouraged from entering the vault by placing the
vault above grade and above the probable maximum flood plain. It is safe to say that reasonable
efforts have been taken to eliminate leaching of contaminants to the environment.

If the WTDC cost were to jump by a factor of 10, the WTDC would still be a bargain. Its
minimal cost is insignificant when compared to the cost and benefit of the nuclear power plants that
might be built if the WTDC were constructed.

CONCLUSION

Even though current disposal systems may meet existing regulations, complete treatment and
enhanced disposal of LLW in abovegrade, earth-mounded, concrete disposal vaults will surely be
perceived by the public as a positive change and may well be a factor in leading the way toward
public acceptance of nuclear power as a pollution-free source of energy for the nation.
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ABSTRACT

The majority of solidification/stabilization systems for low-level radioactive waste (LLW) and mixed waste,
both in the commercial sector and at Department of Energy (DOE) facilities, utilize hydraulic cement (such as
portland cement) to encapsulate waste materials and yield a monolithic solid waste form for disposal. Because
hydraulic cement requires a chemical hydration reaction for setting and hardening, it is subject to potential
interactions between elements in the waste and binder that can retard or prevent solidification. A new and
innovative process utilizing modified sulfur cement developed by the U.S. Bureau of Mines has been applied at
Brookhaven National Laboratory (BNL) for the encapsulation of many of these "problem" wastes. Modified
sulfur cement is a thermoplastic material, and as such, it can be heated above its's melting point (120 °C),
combined with dry waste products to form a homogeneous mixture, and cooled to form a monolithic solid
product.

Under sponsorship of the DOE, research and development efforts at BNL have successfully applied the
modified sulfur cement process for treatment of a range of LLWs including sodium sulfate salts, boric acid salts,
and incinerator bottom ash and for mixed waste contaminated incinerator fly ash. Process development studies
were conducted to determine optimal waste loadings for each waste type. Property evaluation studies were
conducted to lest waste form behavior under disposal conditions by applying relevant performance testing criteria
established by the Nuclear Regulatory Commission (for LLW) and the Environmental Protection Agency (for
hazardous wastes). Based on both processing and performance considerations, significantly greater waste
loadings were achieved using modified sulfur cement when compared with hydraulic cement. After normalizing
for differences in product densities, 6.0 times more sodium sulfate, 2.6 times more boric acid, 1.4 times more
bottom ash and 2.7 times more incinerator fly ash can be incorporated per drum using modified sulfur cement,
compared with hydraulic cement. Technology demonstration of the modified sulfur cement encapsulation system
using production-scale equipment is scheduled for FY 1991.

INTRODUCTION

Although hydraulic cement has been used extensively over the years to solidify and stabilize LLW,
constituents present in many radioactive, hazardous, and mixed waste streams can interfere with solidification
chemistry and/or degrade the integrity of waste forms over time. Large volumes of waste generated at DOE
facilities encompassing diverse physical and chemical properties have been identified as "problem" wastes because
they are either difficult to encapsulate using conventional materials such as hydraulic cement, or result in waste
forms that do not adequately immobilize contaminants. As a result, the Waste Management Research and
Development Group at BNL, under the sponsorship of DOE's Hazardous Waste Remedial Action Program
(HAZWRAP) is investigating new and innovative techniques for encapsulation of these waste streams generated
at various DOE sites.

This work was sponsored by the U.S. Department of Energy under contract No. DE-AC02-76CH00016.
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One such material is modified sulfur cement which has been shown to provide improved waste loadings
and waste form performance in comparison with conventional binders. This paper presents an overview of
research and development work performed at BNL for both hydraulic cement and modified sulfur cement
encapsulation of radioactive, hazardous, and mixed waste streams.

COMPARISON OF MATERIALS

The majority of solidification/stabilization systems for LLW and mixed waste, both in the commercial
sector and at DOE facilities, utilize hydraulic cement (such as portland cement) to encapsulate waste materials
and yield a monolithic solid waste form for disposal. Hydraulic cement can be defined as the general class of
cementitious materials that require addition of water and solidify as a result of various hydration reactions.
During the atomic weapons development program known as the Manhattan Project some 50 years ago, hydraulic
cement was the first material used to solidify LLW. It continues to be widely used in the waste treatment field
today, primarily because it is relatively inexpensive (on the order of $0.10/lb or less), readily available, fairly easy
to process, and highly alkaline (an advantage for immobilizing soluble toxic metals).

Many types of hydraulic cement are available, depending on specific end-use requirements. Portland
cement is, by far, the most commonly used hydraulic cement. It is made by heating mixtures of limestone and
clay and grinding the resultant clinker with gypsum into a fine powder. As shown in Table 1, the ASTM
classifies eight types of portland cement depending on particular needs such as high early strength, low heat of
hydration, and resistance to sulfates.fl] Constituent proportions differ among the types, but in general, portland
cement consists of varying proportions of tricalcium and dicalcium silicates with smaller amounts of tricalcium
aluminate, calcium aluminoferrite, and several other oxide compounds. In addition to selecting among the
varieties of hydraulic cement, various admixtures are available to modify its properties. For example, plasticizers
can be used to improve fluidity and facilitate mixing, air-entraining agents are used to improve frost resistance,
other types of admixtures are available to retard or accelerate setting, reduce permeability, increase/decrease
shrinking, or improve mechanical properties.

In spite of its many attributes however, because hydraulic cement requires a chemical hydration reaction
for setting and hardening, it is subject to potential interactions between elements in the waste and binder that
can retard or prevent solidification. Elements and compounds common in many LLW and mixed waste streams
(e.g., inorganic salts and metal compounds) can thus, severely reduce allowable waste loadings or preclude use
of hydraulic cement entirely. Table 2 lists some of the inorganic constituents present in many waste streams that
can inhibit cement hydration or degrade mechanical strength. Reduction of the amount of waste that can be
encapsulated (i.e., decreased loading efficiency), offsets potential cost savings from low material costs.
Furthermore, small variations in waste composition can adversely impact hydraulic cement solidification
formulations, creating the need for frequent recipe development, process modifications, and quality assurance
testing. Thus, what is generally thought to be a simple process can, in fact, be quite sophisticated and labor
intensive.

A new and innovative process utilizing modified sulfur cement developed by the U.S. Bureau of Mines
(USBM) has been applied at Brookhaven National Laboratory (BNL) for the encapsulation of LLW, hazardous
and mixed waste streams. Modified sulfur cement is a thermoplastic material, and as such, it can be heated
above its's melting point, combined with dry waste products to form a homogeneous mixture, and cooled to form
a monolithic solid product. Since no chemical reaction is required for setting, solidification is assured and
modified sulfur cement is compatible with a wide range of wastes, encompassing diverse physical and chemical
compositions.

Since its initial development about 20 years ago, use of modified sulfur cement in construction applications
has grown steadily. It is made by reacting elemental sulfur with a total of 5 wt% hydrocarbon modifiers
consisting of equal parts of dicyclopentadiene and oligomers of cyclopentadicne. These modifiers suppress a
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solid phase transformation that occurs during cooling of elemental sulfur and leads to an unstable material. The
supply of raw materials for modified sulfur cement is plentiful. Increasingly stringent sulfur dioxide air emission
controls and the recovery of sulfur from petroleum refining operations has led to large supplies of by-product
or waste sulfur. It is estimated that by the year 2000, up to 90% of all sulfur production will result from these
clean-up operations, yielding over 5.0xl06 tons per year. Modified sulfur cement is commercially available under
license to the USBM and currently costs about $0.17/lb for quantities up to one ton.[2]

In addition to the fact that solidification is not susceptible to chemical interferences, modified sulfur
cement has several other advantages compared to hydraulic cement. For example, sulfur concrete compressive
and tensile strengths twice those of comparable portland concretes have been achieved and full strength is
reached in a matter of hours rather than weeks.[3] Sulfur concretes are highly impervious and resistant to
attack in aggressive acid and salt environments.[4] Figure 1 compares portland cement concrete and modified
sulfur cement concrete samples after exposure to a 30% solution of hydrochloric acid for 6 days.[5] Its low
melting point (119 °C) and melt viscosity (~25 cp at 135 °C) make processing of modified sulfur cement
relatively easy.

WASTE CHARACTERIZATION

As a result of research and development efforts at BNL, the modified sulfur cement process has
successfully been applied for treatment of a range of waste streams that are generated at commercial and DOE
facilities. These include LLWs (such as sodium sulfate salts, boric acid salts, and incinerator bottom ash) and
mixed waste contambated incinerator fly ash. Some waste streams such as ion exchange resins and sodium
nitrate salt waste are not recommended for stabilization with modified sulfur cement. Ion exchange resins shrink
during thermal processing as water is driven off and then undergo expansion upon exposure of the waste form
to moisture, causing severe cracking and degradation.[6] Sodium nitrate can form a potentially reactive mixture
when combined with sulfur compounds and thus is not applicable for this process.

Many of the waste streams examined contain one or more of the constituents listed in Table 2 that inhibit
cement hydration or degrade mechanical integrity of the waste form, and thus are difficult to encapsulate using
hydraulic cement. For example, incinerator fly ash generated at the Waste Experimental Reduction Facility
(WERF) at Idaho National Engineering Laboratory (INEL) and analyzed by atomic absorption
spectrophotometry was found to contain over 50 wt% heavy metal salts. As seen in Figure 2, these include
significant concentrations of zinc (36 wt%), lead (7.5 wt%), sodium (5.5 wt%), and copper (0.7 wt%), all of
which can inhibit hydration. Scanning electron microscopy and energy dispersive analysis of the ash revealed that
many of these elements are present in the chloride form, further exacerbating cement hydration.[7]

FORMULATION AND PROCESS DEVELOPMENT

Formulation and process development studies were performed to determine maximum waste loadings for
each binder, while still maintaining adequate waste form performance as defined by existing regulatory criteria.
With the addition of the necessary water for hydration, hydraulic cement is a three component system (i.e., waste,
cement and water), so that ternary compositional phase diagrams were generated to define regions of acceptable
formulations. Formulation data and descriptions of process equipment requirements/procedures have been
previously reported for both hydraulic cement [8,9] and modified sulfur cement [6,7] waste forms.

WASTE FORM PERFORMANCE TESTING

Examination of waste form properties and performance is an essential part of the overall disposal system
performance assessment methodology. Prediction of potential long-term behavior of waste forms in storage and
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disposal is a difficult task, however. Waste form performance can be affected by various interactions between
the waste, binder, waste form and the environment, as well as by natural or man-made changes to the
environment. In spite of these difficulties, testing of laboratory-scale waste forms can provide valuable
information on potential waste form performance and can provide a basis for comparison of various waste-binder
formulations. To this end, a series of standardized property evaluation tests were conducted including
compressive strength (ASTM C-39), water immersion (90 Jays), thermal cycling (ASTM B-553), and leachability
(ANS 16.1) for LLW waste forms and toxic leachability (EPA TCLP) for mixed waste forms containing toxic,
metals. Tests performed for radioactive waste forms are included in those recommended by the Nuclear
Regulatory Commission (NRC) in support of 10 CFR 61. [10] The TOxicity Characteristic Leaching Procedure
(TCLP) was recently issued by Environmental Protection Agency (EPA) in support of 40 CFR 261. [11]
Specific data from these tests are available in the previously cited references [6,7,8,9], but some of Ihe results
for modified sulfur cement waste form performance testing are summarized in the following figures.

Figure 3 compares average compressive strength for various waste loadings of sodium sulfate, boric acid,
incinerator bottom ash, and incinerator fly ash encapsulated in modified sulfur cement. In most cases, the dry
waste solids acted as an aggregate and increased compressive strength above that of the control sample
containing no waste. By comparison, all samples tested were well above the 0.4 Mpa (60 psi) minimum waste
form strength specified by the NRC.

The effects of water immersion and thermal cycling on modified sulfur cement waste form compressive
strength are presented in Figures 4 and 5, respectively. In both of these tests waste form strength increased for
some samples and decreased for others. Differences were relatively small, however, and not considered
significant. In any case, compressive strength of all immersion and thermally conditioned samples was
considerably higher than the NRC minimum standard.

Radionuclide leachability from modified sulfur cement waste forms is summarized in Figure 6. Waste
forms containing 25 and 40 wt% sodium sulfate and 20 and 40 wl% incinerator bottom ash, each containing the
isotopes Co-60 and Cs-137, were leached for 90 days according to procedures outlined in ANS 16.1.[12]
Results are presented in terms of the leachability index, a figure of merit inversely proportional to the log of the
effective diffusivity. Thus, each incremental increase in leach index represents an order of magnitude reduction
in leachability. As expected, leachability for the highly soluble sulfate salts was greater than that of the
incinerator bottom ash. In general, radionuclides leached very slowly. Leach indices ranged between 9.7 and
14.6, representing leach rates of about 4 to almost 8 orders of magnitude less than those expressed by the
minimum NRC leach index of 6.0.

Incinerator fly ash waste contained significant concentrations of cadmium (Cd) and lead (Pb). These
metals (along with arsenic, barium, chromium, mercury, selenium, and silver) have been identified by EPA as
toxic metals, which if present in leachates above allowable concentrations, define a waste stream as hazardous.
EPA's recently published TCLP test is used to implement its criteria for determining hazardous toxicity of wastes
and waste forms. As seen in Table 3, leachates from INEL incinerator fly ash alone and when encapsulated in
modified sulfur cement at 40 and 55 wt% loading, yielded concentrations of Cd and Pb above allowable limits.
To further reduce the mobility of these toxic metals and comply with EPA regulatory limits, potential additives
were examined including precipitation, sorption, and ion exchange agents. Sodium sulfide (Na2S) was selected
for use as an additive because it reacts preferentially with these metals to form highly insoluble metal sulfides.
Addition of small quantities (about 7 wt%) of Na2S resulted in lowering TCLP leachate concentrations well
below EPA concentration limits of 1.0 and 5.0 ppm, for Cd and Pb, respectively. A maximum waste loading of
43 wt% incinerator fly ash was encapsulated while still meeting criteria for delisting as a hazardous waste.

116



COMPARISON OF WASTE LOADINGS

Maximum waste loadings using hydraulic cement and modified sulfur cement are compared in Figure
7. Because of differences in the product densities (which vary based on specific formulations) these data are also
presented in terms of maximum waste loadings per 55 gallon drum in Figure 8. Data are based on research and
development efforts at BNL and consider both processing and waste form performance criteria. As
demonstrated in Figures 7 and 8, dramatic improvements in waste loading potential are possible for most waste
types tested using modified sulfur cement in place of hydraulic cement. In the case of incinerator bottom ash,
modified sulfur cement encapsulation resulted in somewhat smaller increases in potential waste loading.

CONCLUSIONS

Modified sulfur cement can be used effectively for many waste types that are difficult to encapsulate using
conventional hydraulic cement. It's properties make it applicable to a wide range of wastes, reduce the need for
frequent testing and process modification, and result in waste forms that are durable in the face of harsh
environments. Based on both processing and performance criteria, 6.0 times more sodium sulfate, 2.6 times
more boric acid, 1.4 times more incinerator bottom ash, and 2.7 times more incinerator fly ash waste can be
encapsulated per drum using modified sulfur cement than with hydraulic cement. A production-scale technology
demonstration for the modified sulfur cement encapsulation process is being planned in conjunction with INEL
for FY 1991.
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Table 1. Some types of hydraulic cement that have been used for waste stabilization^-*

Type Description

ASTM Type I(b)

ASTM Type II(b)

ASTM Type HI(b)

ASTM Type \V^b)

ASTM Type V

ASTM Type IS(b)

ASTM Type IP(b)

Masonry cements

Natural cements

High-alumina

General-purpose portland cement; least expensive; most common type used
for waste stabilization

For use where moderate sulfate attack is anticipated or moderate heat of
hydration is required

High early strength; cold climates

Low heat of hydration; used in massive structures where exotherm is a
concern

For use where exposure to high sulfate soils and groundwater is expected;
develops strength slowly

Portland/blast furnace slag cements; low early strength but slowly cures to
same ultimate strength as Type I; more common in Europe than U.S.

Pozzolan-containing cements; made by intergrinding suitable pozzolans with
cement clinker

Usually contains hydrated lime, limestone, chalk, shell, talc, slag, or clay; good
workability, plasticity, and water retention; has been used to solidify LLW
boric acid concentrates

Made from same materials as portland, but processed at lower temperatures

Not a portland cement; sets slowly but develops very high strength quickly;
may have long-term durability problems

a) Adapted from Reference 1.
b) Available with air-entraining agents for improving ,esistance to freeze-thaw and scaling.
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Table 2. Inorganic constituents present in waste streams that can inhibit hydraulic cement hydration or
degrade waste form integrity

Borates

Chlorides

Copper compounds

Heavy metal salts

Lead compounds

Magnesium compounds

Phosphates

Sodium compounds

Sulfates and sulfides

Tin compounds

Zinc compounds

119



Table 3. Results from EPA Toxicity Characteristic Leaching Procedure (TCLP) for INEL Ash Encapsulated
in Modified Sulfur Cement(MSC)

Concentrations of Criteria Metals, ppm

Sample Tested:

INEL Fly Ash

55 wt% Ash
45 wt% MSC

40 wt% Ash
60 wt% MSC

40 wt% Ash
53 wt% MSC
7 wt% Na2S(b)

43 wt% Ash
50 wt% MSC
7 wt% Na2S

EPA Allowable Limit 1.0 5.0

a) Data in parentheses represent concentrations normalized to account for reduced mass of fly ash in tested
sample.

b) Na2S = sodium sulfide

85.0

27.5
(50.0)

13.6
(34.0)

0.1
(03)

0.2
(0.5)

Pb

46.0

17.6
(32.0)

12.0
(30.0)

1.0
(2.5)

1.5
(3.5)
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Portland cement Sulphur concrete
concrete

Figure 1. Portland cement concrete and modified sulfur cement concrete samples after exposure to a 30%
solution of hydrochloric acid for 6 days. [5]

Element

Zinc
Laad
Sodium
Potaaalum
Calcium
Coppar
Iron
Cadmium
Chromium
Barium
Sllvar
Nlckal

Weloht Percent

36.0
7.6
6.S
2.8
0.6
0.7
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Figure 2. Elemental composition of fly ash generated at the Waste Experimental Reduction Facility at Idaho
National Engineering Laboratory.
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Figure 3. Average compressive strength for modified sulfur cement waste forms tested in accordance with
ASTM C-39.
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Figure 4. Effects of 90 day water immersion testing on compressive strength for modified sulfur cement waste
forms containing sodium sulfate (Na2SO4), boric acid (H3BO3) and incinerator bottom ash.
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Figure 5. Effects of thermal cycling on compressive strength of modified sulfur cement waste forms containing
odium sulfatc (Na2SO4), boric ac id (H3BO3) and incinerator bottom ash (based on modified

ASTM B-553).
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Figure 6. Radionuclide leachability for Co-60 and Cs-137 from modified sulfur cement waste forms containing
sodium sulfatc (Na2SO4) and incinerator bottom ash waste.
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Figure 7. Comparison of maximum waste loadings using modified sulfur cement and hydraulic cement based
on processing and waste form performance considerations.
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Figure 8. Comparison of maximum waste loadings per 55 gallon drum for modified sulfur cement and
hydraulic cement.
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ABSTRACT

Sulfur based composite materials formulated using sulfur
polymer cement (SPC) and mineral aggregates are described and
compared with conventional portland cement based materials.

Materials characteristics presented include mechanical
strength, chemical resistance, impact resistance, moisture
permeation, and linear shrinkage during placement and curing.

Examples of preparation and placement of sulfur polymer
cement concrete (SC) are described using commercial scale
equipment. SC application presented are focused into hostile
chemical environments where severe portland cement concrete (PCC)
failure has occurred.

INTRODUCTION

Corrosion of PCC structures is a serious national problem
and results in multi-billion dollar losses annually for
industries in the United States. This degradation due to
continual attack of acid and salt solutions on reinforced PCC
structures results in extreme structural damage.

Special purpose SC materials have recently been developed by
the U.S. Bureau of Mines for use in hostile chemical environments
to resist mineral acid and salt attack without the need for
protective coatings or sealants. Materials developed utilize a
SPC and include composites formulated both with and without glass
fiver reinforcement providing a durable high strength,
impermeable corrosion resistant concrete. As a result of this
research sulfur concrete technology has moved from the laboratory
into commercial application through world wide licensing of the
government developed technology.

This paper describes research related to the development of
SC for use in both structural and non-structural corrosive
construction and maintenance applications together with the
development of commercial-scale equipment including the
development of the recently announced technology and equipment
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for manufacturing corrosion resistant concrete pipe.

Sulfur Polymer Cement (SPC)

Development of stable SPCs is the key to the success of SCs.
The use of sulfur as a construction material was proposed as
early as World War I, when an acid-resistant mortar of 40 pet
sulfur binder mixed with 60 pet sand was used. However, thermal
cycling of these mortars caused loss of mechanical strength,
leading to cracking and failure. This loss of strength is
attributed to the allotropic transformation that sulfur undergoes
as it solidifies and ages. As it cools below 204° F (95.5° C ) ,
solid sulfur slowly transforms from the monoclinic (Sp] to the
orthorhombic (S ) form. The Sa form has a higher density;
therefore, the solid state S -to Sa transformation is accompanied
by a 6-pct volume reduction and hxgh residual stresses in the
finished product. Any process that tends to stress-relieve the
product, such as thermal cycling, may result in disintegration

Bureau of Mines research was targeted at overcoming this
problem of disintegration. A sulfur modifier system consisting
of a mixture of dicyclopentadiene (DCPC) and oligomers of
cyclopentadiene (CPD) currently is being used commercially to
produce durable SPCs (2). The oligomers are obtained from the
production of DCPC resins, such as steam sparge oils. The major
oligomer components are approximately 5 wt pet CPD, 10 wt pet
dimer, 10 wt pet trimer, 20 wt pet tetramer, 45 wt pet pentamer,
and 10 wt pet higher polymer. A 5-wt-pct mixed modifier content
in the SPC was used for producing the rigid types of SC.

A generalized reaction employing the mixed modifier is
illustrated in Figure 1. The initial CPD for sulfuration is
supplied by DCPC, which spontaneously depolymerizes at room
temperature. The percentage of DCPC in the modifier can be
varied in the range of 40 to 50 wt pet to produce cements with
stable and reproducible viscosity characteristics. As
illustrated in Figure 2, chemical mixtures with less than 40 wt
pet oligomer result in unstable cements that are too reactive for
subsequent concrete production.

The cements are prepared in the temperature range of 280 to
300° F (139 to 149° C) at ambient pressure in a sealed, jacketed
reactor. Normal reaction times are 4 to 6 hours, after which the
molten cement can be used directly or allowed to solidify for
future use.

Linear thermal expansion values as a function of temperature
are shown in Figure 3 for plastics and elemental sulfur. Sulfur
(A) goes through an SQ-to-S transformation with a rapid increase
in volume. Cement (B) prepared using a 50-50 mixture of DCPC and
oligomer, referred to as SPC, was heated to its softening point,
but did not go through a So-to-S^ transition. For unmodified
sulfur, a 13-vol-pct contraction occurs on solidification of the
liquid and through the Sa-to-Sfl transformation. The SPC does not
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go through the S/3-Sa transition on solidification. Its expansion
or contraction is approximately one-third that of unmodified
sulfur cement and results in less shrinkage of SC and less
stressing of the binder.

Composition and properties were determined for SPC prepared
by reacting sulfur with SPC and oligomer at 293° F (145° C) for 6
hours. Typical analysis and properties are shown in Table 1.

Sulfur Polymer Concrete (SC)

SC is a thermoplastic construction material produced by
mixing the SPC with mineral aggregate at 280° F (138° C) . The
SPC replaces portland cement and water as the binder, producing,
upon cooling, a high-strength concrete material. Table 2 shows a
comparison of the physical and mechanical characteristics of SC
and regular PCC. The American Concrete Institute has published a
guide for mixing and placing SC (3).

Since there is no alkaline binder in the mix, SC is a highly
acid-resistant structural material, suitable for either cast-in-
place or precast construction of floors, walls, sump basins,
trenches, pump basins, and other items (4). Because of SC's
thermoplastic characteristics, the material's high mechanical
strength properties are achieved rapidly upon solidification.
The material achieves over 80% of its ultimate strength in a few
hours, and full strength is achieved in approximately 30 days.
In addition to the rapid strength gain, SC can be poured in
below-freezing temperature and can be readily recycled by
remelting and recasting without loss of mechanical properties.

The thermoplastic nature of SC, however, results in a
maximum operating temperature of 190° F (88° C). The material
will melt if exposed to prolonged temperature above the melting
point of SPC, 248° F (120° C), thus losing structural integrity.
SC's poor thermal conductivity will prevent destruction on short
exposure to elevated temperatures. The material will burn if
exposed to open flame, but the concrete does not contain
sufficient sulfur to support combustion.

Mixture Design Considerations

SC mixtures are designed to achieve maximum strength and
density, low void levels, and very low moisture absorption.
While the materials exhibit mechanical properties comparable to
those of PCC, moist of the mixture design considerations are
similar to those of hot-mix asphalt concrete.

Good-quality aggregates are required for corrosion resistant
SC. Aggregates must be clean, high strength, and free of
swelling clays, and must exhibit low moisture absorption (less
than 1%). Aggregates, such as quartz, that are insoluble in
acids are used for preparing acid-resistant SC. If corrosion is
from salt alone, limestone aggregates may be used. SPC
requirements are minimized by dense-grading the aggregate.
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Industrial Application of Sulfur Concrete

The Bureau of Mines, in conjunction with The Sulphur
Institute, conducted a cooperative industrial testing program to
test SC in industrial corrosive environments. Initially, precast
components such as tiles, slabs, tanks, and pump foundations were
cast and subsequently transported and placed in industrial
plants. In subsequent tests, construction of floors and tank
sections was accomplished directly at plant locations.
Mechanical strength test specimens were also placed on site to
test material properties after being subjected to the particular
corrosive environment. Experiments using 50 test environments
were conducted in cooperation with 40 industrial companies. A
summary of industrial performance testing of SC structures has
been reported previously (5). The results have shown the
suitability of SC in many corrosive environments listed in Table
3.

The most promising uses are those where the material is
exposed to corrosive electrolytes and mineral acid and salts
solutions that can cause major damage to cells, floors,
foundations and equipment.

The durability and performance life of AC is being
established. The oldest corrosion-resistant SC materials being
evaluated are components exposed to sulfuric acid solutions and
copper electrolytic solutions. These units show no evidence of
corrosion or deterioration after nine years of service. Since Sc
is a relatively new materials, longer periods of testing will be
necessary to fully establish its ultimate service life.

Production and Installation

This portion of the paper summarizes the development of
commercial-scale equipment used to produce and transport SC and
discusses some of the specialized techniques and construction
practices used to successfully place and finish SC. Finished SC
looks like PCC; however, preparation is similar to that of
asphalt concrete materials. SC is proportioned, mixed, placed
and finished at a temperature of approximately 280° F (138° C ) .
Several critical points should be emphasized in the production of
SC (6). Water or moisture must be eliminated during the mixing
of SC, and it is essential that SC be placed on a dry base. If
precautions are not taken, steam liberated by the action of hot
SC and moisture in the Base will form tiny vents through the SC,
making it porous. Enough SC should be prepared to complete the
entire placement area in one pour and eliminate the potential for
cold joints or an irregular surface. In precast work, forms and
rebar should be preheated to preclude damage from flash setting
of hot SC on cold surfaces and to eliminate moisture.
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Equipment

Many different methods of manufacturing SCs and various
types of equipment are currently available for producing,
transporting, and placing SC. In general, mixing of SC can be
accomplished in almost any type of mixer utilized for preparing
PCC or asphalt concrete that has been modified to control the
temperature of the mixture. Essential to the preparation of SC
is a means of drying and heating the aggregate to the desired
temperature for mixing. Some of the equipment that has been
successfully used to prepare SC is described in the following
paragraphs.

A unit capable of preparing 500-pound batches of SC was used
to prepare early research test samples. A propane-heated kiln
was used to heat the aggregate and feed it into an electrically
heated mortar mixer. The SPC and mineral filler were added
manually to the hot aggregate in the mixer. Larger scale units,
having a SC capacity of 12 to 30 tons per hour, are now used for
commercial production of SC. These types of plants use divided
bins for proportioning the coarse and fine aggregates into fuel-
oil, propane, or gas heated rotary kiln. The kiln discharges a
weighed batch of heated aggregate into a heat-jacketed mixer.
Flaked SPC and mineral filler are then added through a hopper
which discharges directly into the mixer, where the aggregate
melts the SPC and produces a homogeneous SC.

Heat-jacketed concrete transit mixers with capacities up to
12 cubic yards (9.2 cubic meters), are also used to produce and
transport SC. Figure 4 shows an 8 cubic yard (6.1 cubic meters)
transit mixer equipped with an on-board micro-processor which
controls four propane infrared catalytic heaters used to maintain
the SC in the optimum temperature range for placement. Coarse
and fine aggregates may be heated in these mobile units, or in
the rotary kiln plants described earlier. Solid SPC and mineral
filler are then added to the hot aggregates in the mobile unit
where thorough mixing takes place. One advantage of the heated
mixer truck is that the SC can be maintained in a given
temperature range, and unlike PCC, can be premixed and
transported for long periods of time, yet remain plastic and
workable until placement.

A new generation self-contained machine has been designed
and built capable of mixing, in succession, a series of batches
of SC at a production rate of up to ten cubic yards per hour (7.6
cubic meters per hour). For improved quality, the machine shown
in Figure 5 weighs the aggregate components after heating, thus
compensating for any resulting moisture loss. The batching
system is fully automated, allowing the operator to preset
desired mix designs and press a single button each time that a
batch is to be duplicated.

Aggregate is loaded into two bins, one for fine and the
other for coarse, and the two sizes are proportioned by
adjustable gates and transported by a conveyor belt into a drum
dryer. The heated aggregate is then transported by a bucket
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elevator to a holding hopper. From that hopper it is gravity-fed
into the weight batcher, along with the other ingredients of the
mix. The fine materials and SPC are added into the same weight
batcher by screw conveyors, and following completion of the
batching, all components are gravity-fed into the mixer. A
separate compartment in the weight batcher, which is thermally
insulated from the remainder of the batch ingredients, is
reserved for the SPC so that it remains in a solid state until it
contacts the aggregate in the mixer. After one minute of mixing,
the batch is discharged for transport to the point of placement.

The types of mixers described have performed satisfactorily
in preparing homogeneous mixtures of SC. Successful mixing of
the concrete is indicated by a fluid mixture of completely coated
aggregate without any segregation of fine materials. Complete
mixing of SC components can usually be accomplished in relatively
short periods of time, generally less than two minutes. Total
mixing times for SC are generally not critical. SC does not set
up until it has cooled. Depending on the type of mixer, mixing
times of one minute to two hour per batch have been used.

Construction Techniques

Vibratory probes and screeds may be used for consolidating
and finishing the SC in the forms or molds. Shovels and rakes
may also be used in moving and leveling the SC. Leveling,
consolidating, and finishing the SC should be done as rapidly as
possible to prevent crusting over of solidified material.

Either wood or metal forms are used. Form-release agents
should be used on wall pours but are not necessary on slab forms.
When forming large surface areas (i.e., walls) with reusable
metal forms, the forms should be preheated before poring to
eliminate any moisture and to prevent flash solidification of a
skin of sulfur cement when it contacts a cold form. Wall
construction should be given some special considerations. The
use of insulation on the outside of wall forms to retain heat
during placement of SC should be considered. Use of successive
lifts in wall construction will minimize shrinkage, resulting in
a monolithic section.

Sc can be reinforced with Grade 60 reinforcing steel (SPC
does not react with steel), epoxy-coated reinforcing steel, or
synthetic fibers. Glass fibers may also be added to control
shrinkage cracks and improve the ductility and impact resistance
of SC.

Proper preparations for placing SC on either a subbase or
existing PCC surfaces are very important. The most important
requirements for subbase are compaction, grade, and dryness. A
thin layer of sand may be used to adjust the well-compacted
subbase to final grade. Whenever moisture is present, a suitable
vapor barrier must be used to prevent formation of steam while
placing the not-mixed SC. Existing PCC surfaces should also be
properly prepared prior to placing SC. All deteriorated areas
should be removed to render a sound surface, free of all loose
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materials and other debris. A vapor barrier or other flexible
membrane is generally applied to seal this surface and prevent
any absorbed moisture from reaching the SC. The flexible
membrane provides an adhesive bond between the SC and the
existing PCC surface and also additional protection against
future chemical attack of the substrate.

Proper techniques must be employed when placing and
finishing thermoplastic SC to achieve high density and a
satisfactory surface. The key factors for successful SC
placement include appropriate manpower, experienced supervision,
an adequate supply of SC to readily fill the placement area, and
a rapid placement and finishing operation.

SC can be placed on grades of nearly 8 pet without excessive
flowing of the hot material to the low side. In general, mixes
used rn grades are designed for lower binder content and
increased stiffness, by using silica flour rather than fly ash,
or by adding fiber reinforcement to the SC.

As the placement section is filled with SC, it should be
struck off with a simple screed. A vibrating screed is effective
in obtaining a relatively smooth and sealed finish. For a
properly designec1 SC mix, probe-type vibrators are seldom
required. Strike-off and finishing should be completed in the
shortest possible time for best results.

Quality metal or wood floats are generally used for
finishing. One pass over the slab while it is still molten, to
smooth and seal the surface, is all thf-.t is required. Continued
work on the surface after it starts to crust will tear this crust
and destroy the finish. If this should happen, any heat source
can be used to quickly remelt that area so that it can be
refinished. Hand tools should be kept in contact with the molten
SC, when not in use, to maintain tool temperature and prevent SC
buildup.

The finished texture and skid resistance of screeded SC are
suitable in most industrial application. The slab surface is
dense, washes down easily, and provided good abrasion resistance.

Joints are formed to control cracking, terminate pours, and
allow for thermal expansion and contraction. Location of joints
should be evaluated on a job-to-job basis with consideration
given to the sequencing of pouring. Normally, the width of
section is limited to 8 to 12 ft (2.2 to 3.7 m) because of
shrinkage considerations.

Typically, control joints should be constructed at a
distance in feet of not more than three times the slab thickness
in inches. Control joints are usually 1/4 in (6.4 mm) to 3/8 in
(9.5 mm) wide and extend 20 to 25% into the slab. If the control
joint if formed at the termination of a pour, the incorporation
of a key way is beneficial, but not normally necessary.

Expansion joints are constructed to relieve thermal stresses
and to separate slabs from vertical surfaces of structural
members. Maximum spacing of expansion joints is determined
following the same guidelines as for PCC.

A flexible joint sealant compatible with the installation
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environmental conditions (i.e., chemically resistant) should be
applied to all joints, extending the full length of the joint
with a depth no greater than the width. A bond breaker should be
provided below the joint sealant. A preformed back rod made of
closed-cell polyethylene foam is often used as a bond breaker and
will also keep the uncured sealant from seeping through the
joint.

The handling, mixing, and use of SC should be accomplished
with proper concern for product safety (7). This report does not
purport to address all of the safety considerations associated
with the use of SC. As with any other construction material,
certain measures must be taken with SC to ensure safe handling in
its preparation and use. SC is produced within the recommended
mixing temperature range of 260 to 280° F (127 to 138° C) to
minimize emissions. Adequate ventilation during construction
operations and normal precautions for handling hot fluid
materials (proper protective clothing, eye protection, gloves,
and hard hats) should be observed. Practices for safe handling
of both solid and liquid sulfur have been established by the
National Safety Council and should be followed when preparing and
handling SC.

Commercial installations, especially in the metallurgical
and chemical industries, are increasing in scope and complexity.
The largest, single installation to date consume approximately
800 cubic yard (610 cubic meters) of SC, which was placed in
floors, acid sumps, footers, and walls. The entire SC portion of
this project was completed in less than six weeks using the
machine shown in Figure 5. Production rated of approximately 50
cubic yards (38.3 cubic meters) per day kept two work crews busy
placing and finishing SC in nearly 80,000 square feet (7440
square meters) of floors. Figure 6 illustrates placing and
finishing of SC. The use of SC in previously constructed,
similar installations has provided exceptional performance. For
example, the floor of a copper electrowinning facility, after
five years, shows no evidence of deterioration in a sulfuric acid
environment; PCC, under these same conditions, would have
required complete replacement at least once. Maintenance on Sc
has been limited to minor corner crack repairs (using SC) at
joint intersections and the occasional replacement of
deteriorated sealers.

SUMMARY

A sulfur polymer cement has been developed in which sulfur
is reacted with SPC and oligomers of CPD to form a stable cement
product. Technology has been developed to prepare stable SC for
use as a chemically resistant construction material. SCs have
been produced with excellent resistance to damage by most mineral
acid and salt environments and with good mechanical strength
properties. SC technology has been demonstrated on a commercial
scale both in the manufacture of the sulfur polymer cement and in
its utilization in producing SC construction materials.
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There are still developments and improvements that can be
achieved to enhance the techniques of manufacturing and placing
SC. During the past few years, there have been significant
developments to this end, and continued examples of the superior
performance characteristics made possible by using SC will
stimulate further advances in this technology. Continued
cooperation between government, and industry, including
contractors, is essential in further research targeted at
effective use of sulfur in construction materials.
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Table 1. Composition and properties of SPC

Sulfur pet-
Carbon pet-
Hydrogen pet-
Viscosity at 135° C cp-
Specific gravity

Value
95±1
4.5±0.2
0.5±0.05

50±25
1.9010.02

Table 2. Properties of typical sulfur concrete
and portland cement concrete

Sulfur concrete1 Regular PCC2

Strength, psi:
Compressive
Splitting tensile
Flexural

,7,000 - 10,000
,1,000 - 1,500
,1,350 - 2,000

3 ,

12
0
4
4.
2
0

500
500
535

.30

.0
.0
.5
. . 6

- 5 ,

- 3 .

- 0.

000

0

10

Coefficient of Thermal
expansion (̂ /in/in) /°C,

Moisture absorption....pet...
.14.0 - 14.7
0.0 - 0.10

Air void content pet 3.0 - 6.0
Elastic Modulus....106 psi 4.0
Specific gravity 2.4 - 2.5
Linear shrinkage pet 0.08 - 0.12

Impact strength, ft lb:
Compressive 100 - 119 81
Flexural 0.3-0.5 0.2

Mix proportions, wt pet:
SPC
Water
Mineral filler
Portland cement,...
Sand

14
0
6
0
38

- 18

- 9

- 42
Coarse aggregate 33 - 37

Properties obtained at age of 1 day.
Properties obtained at age of 28 days.

0
6 - 9
0
12 - 18
30
45
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Table 3. Industrial testing results of
sulfur concrete materials

Environment Performance
Sulfuric acid *NR
Copper sulfate-sulfuric acid NR
Magnesium chloride NR
Hydrochloric acid NR
Nitric acid NR
Zinc sulfate-sulfuric acid NR
Copper slimes attacked by organics

used in processing
Nickel sulf ate NR
Vanadium sulf ate-sulf uric acid NR
Uranium sulf ate-sulfuric acid NR
Potash brines NR
Manganese oxide-sulfuric acid NR
Hydrochloric acid-nitric acid NR
Mixed nitric-citric acid NR
Ferric chloride-sodium

Chloride-hydrochloric acid NR
Boric acid NR
Sodium hydroxide attacked by >10 pet

NaOH
Citric Acid NR
Acidic and biochemical NR
Sodium chlorate-hypochlorite attacked by solution

at 50 to 60° C
Ferric-chlorate ion NR
Sewage NR
Hydrofluoric acid NR-with graphite

aggregate
Glyoxal-acetic acid formaldehyde NR
Chromic acid Deteriorated at 80° C

and 90 pet concentra-
tion, marginal at
lower temperature and
concentration.

JNR - Non-reactive.
2Test results show no sign of corrosion or deterioration for
test period of 6 to 9 years.
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Figure 4. Heat-jacketed concrete transit mixer

Figure 5. Self-contained SC mobile production unit
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Figure 6. Placing and finishing SC
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FINANCIAL ASSURANCES

Richard F. Paton
Vice-President

U.S. Ecology, Inc.

U.S. Ecology is a full service waste management company. The company
operates two of the nation's three existing low-level radioactive waste (LLRW)
disposal facilities and has prepared and submitted license applications for
two new LLRW disposal facilities in California and Nebraska.

The issue of financial assurances is an important aspect of site
development and operation. Proper financial assurances help to insure that
uninterrupted operation, closure and monitoring of a facility will be
maintained throughout the project's life. Unfortunately, this aspect of
licensing is not like others where you can gauge acceptance by examining
approved computer codes, site performance standards or applying specific
technical formulas. There is not a standard financial assurance plan. Each
site should develop its requirements based upon the conditions of the site,
type of design, existing state or federal controls, and realistic assessments
of future financial needs.

Financial assurances at U.S. Ecology's existing sites in Richland,
Washington, and Beatty, Nevada, have been in place for several years and are
accomplished in a variety of ways by the use of corporate guarantees,
corporate capital funds, third party liability insurance, and post
closure/long-term care funds.

In addressing financial assurances, one can divide the issue into three
areas:

• Site development/operations,
• Third party damages,
• Long-term care/clean-up.
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With respect to site construction and operation, we have an operations
budget that is covered by revenues off the site.

As part of the budget, monies are - c aside to cover routine and non-
routine maintenance and accidents. Despite the gloom and doom predictions of
those who are unfamiliar with LLRW site operations, the financial liability
during the operational phase of a facility is really quite small. It is very
unlikely that you would see financial needs above $25,000 for clean-up
operations. Acut'j problems such as a breached container can be handled
effectively and completely with minimal cost or long-term hazard. This is
even truer of new facilities such as the one being built in Nebraska which is
an above-grade system. Here the disposal units serve as long-term storage
units until the final closure cap is applied.

Financial assurances for third party damages during operation is provided
by site nuclear liability insurance through the American Nuclear Insurers
Insurance Pool. We have $10 million policies at our existing sites. Given
the desert environment of these sites and the surrounding land uses in the
region, this coverage is probably more than adequate. Additional reliance
upon insurance may be considered depending upon local legislative controls,
site designs and locations. However, let me caution you to be realistic. It
is easy to try and set an arbitrary insurance coverage limit. That limit,
however, may or may not be commercially available. Further legislative
actions presumably to "protect" state interests, such as rebuttable
presumption clauses, may have just the opposite effect by making third party
insurance impossible to obtain.

The greatest risk, and therefore the greatest focus, of a financial
assurance plan resides in proper site closure and long-term maintenance. At
U.S. Ecology's Richland and Beatty facilities, special funds for closure and
maintenance have been established by imposing surcharges on wastes received at
the site for disposal.
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At Beatty, the long-term care and closure fund being imposed by the State
of Nevada is presently set at $3-5 million. This is collected by means of a
$4.50 per cubic foot surcharge on wastes. As of March, 1990, the closure fund
consisted of approximately $3-1/2 million.

For the Richland site, closure and long-term care requirements are
presently estimated at $25 million. This fund is collected through a $1.75
per cubic foot/long-term care surcharge, a $1.53 per cubic foot surveillance
surcharge and a 16-1/2% tax. As of March 1990, these funds totalled
approximately $20 million.

The needs and requirements for these funds undergo regular periods review
by both U.S. Ecology and the state regulatory bodies. Appropriate adjustments
are made where necessary.

Establishing long-term care fund requirements for our new sites are still
being discussed and should come about as part of the license application
review. Given the fact that new sites have become more political and that
there is a general overestimation of risk and hazard, I would expect new site
fund requirements will include greater contingency funds. Again, I urge
caution in the development of these funds. You want to be sure that you are
realistic and take into consideration site conditions, new designs and
development safeguards built into the systems.

In summary, financial assurances need to be developed to properly protect
state and public interests. The primary focus of these assurances should be
on long-term care and maintenance funds since these are the greatest liability
risks.

In developing assurances we all need to be realistic and tailor the needs
to facility designs, in place legislative protections and assessment of the
sites performance. The development of unrealistic conditions may actually
increase state and public levels of financial risk rather than diminish them.
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DOE FINANCIAL ASSURANCE PRESENTATION

Russ Huck
California Low-Level Waste Program

My presentation topic is "California's approach to license application
review in meeting financial assurances for the proposed Ward Valley site."

The purpose of my presentation is to provide you with information on
specific financial assurance provisions contained in 10 CFR Part 61 and how
California intends to satisfy those requirements. Also, as rate setter,
California intends to demonstrate how it will assure allowable costs to the
rate base though a financial prudency review. The key provisions of financial
assurance are:

• 10 CFR Section 61.61 - This provision requires an applicant to
demonstrate its ability to finance licensed activities.

• 10 CFR Section 61.62 - This provision requires an applicant to
provide assurance that sufficient funds will be available for site
closure and stabilization.

• 10 CFR Section 61.63 - This provision requires an applicant to
provide "a copy of a binding arrangement, such as a lease, between
the applicant and the disposal site owner, so that sufficient
funds will be available to cover the costs of the institutional
control period."

To assist California in its determination of financial assurance
compliance to be demonstrated by the applicant for Part 61 requirements is
NUREG guidance document 1199 "Standard Format and Content of a License
Application for a Low-Level Radioactive Waste (LLRW) Disposal Facility." The
detailed financial assurance provisions of NUREG 1199 are then embodied in
NUREG 1200, "Standard Review Plant for the Review of a License Application for
a LLRW Disposal Facility."
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Now, a detailed explanation of the key NRC financial assurance

provisions.

10 CFR Section 61.61 - This provision requires an applicant to
demonstrate its ability to finance licensed activities. Pursuant to the
requirements of Section 30477(a)(5) of Title 17 of the California Code of
Regulations, the applicant was required to provide this information in its
application to become the State's License designee. Updates of that financial
information have been submitted to the Department of Health Services (DHS)
periodically and are included in the license application.

The submittal to DHS includes the applicant's published annual financial
reports for the last 3 years along with a 3 year projection. The applicant
was required to post a one million dollar bond performance instrument with
DHS. A performance guarantee to the State from the applicant unconditionally
and irrevocably guarantees the State of California faithfully and timely
performance on all conditions contained in the 1984 application.

10 CFR Section 61.62 - This provision requires an applicant to provide
assurance that sufficient funds will be available for site closure and
stabilization. California has provided for this in Title 17 of its
Regulations by requiring a 10% surcharge on disposal rates. Therefore, the
applicant need not address this provision in its application. The specific
financial assurances presented in NUREG 1199 are not necessary since
California provides this assurance by regulation.

10 CFR Section 61.63 - This provision requires an applicant to provide a
copy of a binding arrangement, such as a lease, between the applicant and the
disposal site owner that will allow for sufficient funds to be available to
cover the cost of the institutional control period. Therefore, DHS will
establish an appropriate disposal rate surcharge and accumulate these funds in
an appropriate fund.

To illustrate the California financial assurance relationship to Part 63
requirements, (Attachment 1) a revenue collection and disbursement flow chart
has been prepared. As you can see, the revenue collected is comprised of two

146



components. The disposal charge on the left is to provide the operator with a
recovery of cost for development and operations. Also, a profit factor will
be an element of each phase. On the right hand portion is the surcharge
component. California has established a host state fund and Part 61
requirements for closure and institutional care are part of this fund.
Separate from Part 61 requirements are those created by the Southwestern
Compact Commission. The surcharge will also collect money to pay for
regulatory activities, local government costs, compact commission costs and
discretionary third party liability.

The DHS is supporting a bill, SB 2021, which would provide temporary
authority until regulations are in place, to collect $30.00/ft3 on disposal of
Class A waste, $40.00/ft3 on Class B waste, and $50.00/ft3 on Class C waste.
The breakdown of waste disposed is estimated to be roughly 94% Class A, 4% and
2% C. This money would be used to fund activities other than closure since
departmental regulations already assess a 10% closure surcharge. The DHS
plans on maintaining a minimum balance of one million in its regulatory
account.

Now, lets turn to license review of the applicant's license application.
The Department has contracted with Roy F. Weston, Inc. to assist in making a
detailed review of the applicant's license application for completeness and
conformance to U.S. Nuclear Regulatory Commission guidance documents and
California Radiation Control Regulations. The Department is also reviewing
the financial assurance section with its staff.

The review has prompted additional questions to provide clarification of
financial compliance. In general, the questions ask for more details on site
closure costs, the effects of Browning Ferris Industries decision to disinvest
in the hazardous waste industry which includes its interest in American
Ecology, cash flow projection, project financing, and litigation.

Lastly, I want to discuss the Departments' financial prudency review.
As the rate setter and regulator, the Department must decide what costs are
allowed into the rate base for recovery. If the Department were to perform
its own review and then implement its findings, the perception of conflict of
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interest and objectivity may arise. Therefore, in order to maintain the
integrity of this process, the DHS is putting out a Request for Proposal (RFP)
to have a private contractor perform a prudency review and make
recommendations to the Department. The scope of work requires the successful
bidder to perform the following:

1. Appropriateness of Work Tasks - The Contractor will review the NRC
guidance documents along with other state requirements to
determine the reasonableness of work tasks performed by the
applicant. If it is determined the task was unnecessary to
perform, the DHS would then have the authority to exclude the cost
of this item from the rate base.

2. Reasonableness of Cost - The Contractor will review the cost to
determine if work of a similar nature based on industry standards
is comparable to that charged by subcontractors of the applicant.

The DHS regulations allow only reasonable costs to be included in
the rate base. If the charges are determined to be excessive DHS
has the authority to make adjustments to the rate base.

3. Rate Setting - The Contractor will evaluate different approaches
to rate setting (i.e., volume, radioactivity) and recommend the
preferred choice to the Department.

This concludes my presentation on financial assurance. Thank you for
the opportunity to present California's approach to license review for
financial assurances.
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MEETING LICENSING RESTRICTIONS
FROM A REGULATOR'S PERSPECTIVE

V.R. Autry and F. Ann Ragan
South Carolina Department of

Health and Environmental Control
Bureau of Radiological Health

2600 Bull Street
Columbia, South Carolina 29201

ABSTRACT

The State of South Carolina was delegated the authority by the
U.S. Nuclear Regulatory Commission to regulate the receipt,
possession, use and disposal of radioactive material as an
Agreement State. Since 1970, the state has been the principal
regulatory authority for the Barnwell Low-Level Waste Disposal
Facility operated by Chem-Nuclear Systems, Inc. (CNSI).

The radioactive material license issued authorizing the receipt
and disposal of low level waste has experienced many changes
necessitated by technical advancements which led to stricter
controls and restrictions for shallow land disposal. Low level
waste has evolved from simple contaminated items with minimal
radioactivity, to complex waste streams requiring elaborate
processing and containment of high quantities of radionuclides.
Waste streams also require extensive analysis and qualification
to meet many of the restrictions imposed at the burial facility
and comply with national standards and regulations for
classification. This paper will present a chronological history
of many of these restrictions, the rationale for them, and the
waste generators' abilities and inabilities to comply. In
addition, case histories of some examples will be discussed.

Barnwell Licensing Background

In August 1969, CNSI, formerly Chem-Nuclear Services, submitted a
license application to the South Carolina Board of Health for the
disposal of commercial low level radioactive waste on property
they had acquired near Barnwell, South Carolina. This property
is adjacent to the Savannah River Site and the Allied General
Nuclear Fuel Services (AGNS) processing facility which was under
construction at that time. AGNS has since been decommissioned
before it began operations.

The application for low level waste disposal was prompted in part
by the Atomic Energy Commission's (AEC) moratorium placed on sea
disposal of waste in the early sixties, and its closing of burial
grounds at Oak Ridge, Tennessee and the National Reactor Test
Site in Idaho to commercial waste later in that decade. Although
there were other commercial sites operating throughout the
country, the State of South Carolina initially supported a
commercial facility in the state since it was becoming heavily
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involved in the commercial Atomic Energy industry. It was
perceived from an economic standpoint that this site would serve
the state and surrounding states in the Southeast who were also
developing commercial nuclear power. Little did we know at that
time Barnwell would become the nation's number one commercial
disposal facility. This prompted numerous political actions such
as the Low Level Waste Policy Amendments Act of 1985 requiring
all states to assume the responsibility for low level waste
management and disposal.

An initial license was issued to CNSI on November 6, 1969.
However, this license restricted them to receipt and possession
of prepackaged waste for transfer to other authorized disposal
facilities throughout the country. Twenty months later,
following a lengthy review process by numerous state agencies and
commissions, the AEC, and the U.S. Geological Survey, exchanging
numerous documents and information in support of land disposal,
and holding one public hearing on March 4, 1971, an amended
license was issued to CNSI on April 13, 1971, authorizing
disposal of waste at the Barnwell site. Also in April of that
year, the land acquired by CNSI was deeded to the State of South
Carolina and subsequently leased back to them. The original
perpetual maintenance fee was 8 cents per cubic foot, later
raised to 16 cents, and is currently $2.80 per cubic foot. There
is over 40 Million Dollars in this interest bearing account to
provide long term care and maintenance for the site.

Evolution of Waste

The original license issued to CNSI authorized the above ground
receipt and possession of 5000 curies of By-Product Material,
5000 pounds of Source Material, and Special Nuclear Material
(U-235, U-233 and Pu) in quantities not to exceed unity. Due to
the increased concentrations of waste and irradiated metal
components, the license now allows the above ground possession of
50,000 curies, 60,000 pounds of Source Material and 3500 grams of
Special Nuclear Material. Transuranic waste with half-lives
greater than 5 years is limited to less than 10 nanocuries per
gram for Class A waste, and less than 100 nanocuries per gram for
Class C waste, and only if the transuranics arc incidental to the
total radionuclide inventory. Radium waste is excluded unless in
discrete concentrations. The exclusion of transuranic and radium
waste has caused disposal problems for generators with these
waste steams.

In addition, restrictions have been imposed on waste with
concentrations above Class C limits. Above Class C waste such as
sealed sources are only allowed to be received following a case-
by-case review and approval process. Irradiated metal components
above Class C are prohibited since the Department of Energy is
responsible for their disposition; these waste forms are not
appropriate for shallow land disposal.
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In the earlier years of operations the facility received waste
with low to moderate concentrations. In fact, in the original
submittal for a license, waste containers were not to exceed 100
millirems per hour on contact. Today, stainless steel liners
containing irradiated components have demonstrated 50,000 rems
per hour on contact. Radiation levels are restricted to the
shielding capacity of the transportation casks and operational
limits imposed by the facility operator.

The following chart depicts concentrations found in waste forms
now being received at the Barnwell site:

TYPICAL CONCENTRATIONS FOR DIFFERENT WASTE FORMS
DISPOSED AT CNSI

Waste Class
Concentration

(microcuries per cc)
cubic centimeter

mCi/cc

Primary Nuclide(s)
That Determine
Waste Class

Class A Unstable

Class A Stable

Class B

Class C

Class A Unstable

Class A Stable

Class B
Class C

RESIN

Less than 1

1-4

1-12

24-300

FILTERS

Less than 1

1-2

100-200
400-600

Mixed gammas,
nuclides with half
lives less than five
years
Combinations of
gamma nuclides with
half lives greater
than five years
Normally, Cs-137 in
in excess of 1
mCi/cc
Ni-63, transuranics

Mixed gammas,
nuclides with half
lives less than five
years
Combinations of
gamma nuclides with
half lives greater
than five years
Ni-63
Ni-63, transuranics
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SOLIDIFIED LIOUID/EVAPORATOR BOTTOMS

Class A Unstable
Class A Stable

Class B
Class C

Less than 1
1 to 8

2 to 10
Not Common

Mixed gammas
Combinations of
gamma nuclides with
half lives greater
than five years
Cs-137, Sr-90

IRRADIATED REACTOR COMPONENTS

Class A

Class B
Class C

to 100

Not Common
30k-160k

Mixed gammas,
nuclides with half
lives less than five
years

*C-14, Ni-59, Ni-63
Nb-94, Tc-99

*These nuclides are usually in concentrations of less than 10% of
the total activity. The bulk of the activity is attributed to
Co-60 and nuclides with half-lives less than five years.

WASTE CLASS
CLASS A
CLASS B
CLASS C

VOLUME AND ACTIVITY BY WASTE CLASS
FOR WASTE DISPOSED AT CNSI IN 1989

CUBIC FEET
1,060,914

30,148
12.238

TOTAL 1,103,300

CURIES
17,885
67,419

639.859
725,163

(Charts provided by J. Still, CNSI Regulatory Affairs)

Low level waste received at the Barnwell site has evolved over
the years from minimally contaminated dry active waste,
evaporator concentrates, ion exchange resins and filter media.
As the operational life-time of the commercial reactors grew, the
waste stream loadings began to increase in radionuclide
concentrations. Replacement of metal reactor components, power
level monitors, poison curtains, and other metal fixtures, also
contributed to a new waste stream of high activity radionuclides
such as Cobalt-60 with extremely high radiation levels. Due to
these increased concentrations, and high activity components, new
restrictions were required to provide enhanced protection of the
burial environment from migration of radionuclides,
transportation and protection of site workers. Some of these
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restrictions were administrative in nature for better management
controls, but others required innovative measures on the part of
waste generators and their contractors to meet these new
regulatory requirements. For the most part, generators had the
ability to comply with the requirements. Some took longer than
others to affect changes in their waste programs. Eventually all
generators complied, although some of them did so "kicking and
screaming" during the process of change. However, the S.C.
Department of Health and Environmental Control (DHEC) Bureau of
Radiological Health worked very closely with the burial facility
operator, the waste generators, and the NRC to formulate these
requirements. 10 CFR Part 61 reflects many of these restrictions
which were vanguarded by the State of South Carolina.

Chronological History of Major Restrictions

1. October 1974 - During the period May 1972 to October 1974,
CNSI was authorized to receive bulk shipments of liquids for on
site solidification prior to disposal. This allowance was made
due to the under design of evaporators at most of the regional
reactor sites. During that era, many waste generators did not
have the capability to solidify large volumes of water which were
slightly contaminated. Therefore, they were allowed to ship these
liquids in large tankers for processing at the burial site. This
concept became quite controversial from a transportation
standpoint and would have severe repercussions if an accident
occurred and large quantities of liquids were released. This
practice was reviewed and determined not to be in the best
interest of the state from a public health standpoint, thus the
requirement to solidify liquids at the point of origin was
initiated.

The reactor sites vehemently objected to this decision. However,
mobile solidification units were designed and put into operation
at the reactors, and permanent solidification units eventually
built. The generators were able to comply with this restriction
although it was expensive through the use of contractors. Urea
formaldehyde was selected as the media of choice and was
eventually disallowed as a solidification media due to its
extensive hazardous and corrosive properties.

2. April 1979 - Following the accident at Three Mile Island (TMI)
a public statement was made that in effect said "any waste
resulting from the accident would probably be disposed at
Barnwell." This evoked a public and political outcry. Little
was known at that time about the amounts of waste, what the waste
would contain, and the concentrations. Therefore, an immediate
ban was imposed to prevent any waste from this facility from
being disposed at Barnwell. This decision was later supported by
the analysis of certain waste that contained large
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concentrations of fission products and transuranics. This action
also caused a rethinking of low level waste, and that stricter
requirements would be necessary. Since then however, TMI waste
has been accepted at Barnwell on a selective and qualified basis.
The ability for TMI to comply with their restriction is still
being evaluated.

3. May 1979 - The ban on organic liquids such as scintillation
fluids containing hazardous chemicals was imposed to avoid
environmental consequences from their chemical properties and
mobility. It was also to reinforce the long standing restriction
that the radioactive hazard had to outweigh the chemical hazard
to be acceptable for disposal. Clearly, scintillation fluids
with slight quantities of tritium and Carbon-14 were
overwhelmingly, chemically hazardous. This proved to be a major
decision because later, mixed wastes under the provisions of the
Resource Conservation and Recovery Act (RCRA) were prohibited
from disposal at all sites. This decision was not taken well by
a number of generators performing research using these compounds.
However, new regulations were promulgated which allowed disposal
of these fluids by other methods. It also brought about the use
of nonhazardous fluids and recycling of the hazardous "cocktail"
mixtures.

4. October 1979 - Through DHEC•s inspection efforts, it was
determined that many waste forms arriving at the burial facility
contained large quantities of freestanding liquids, and
occasionally these liquids were found to be corrosive to the
carbon steel burial containers. Not only did this cause concern
for the potential of radionuclide migration, it presented a
problem during transportation due to leaking containers.
Therefore, a freestanding liquid restriction of no more than 0.5%
non-corrosive liquids by waste volume was imposed. Further, due
to the increased concentrations of radionuclide in ion exchange
resins and other filter media, all waste containing radionuclides
with half-lives greater than five (5) years having a specific
activity of one (1) microcurie per cubic centimeter or greater
required stabilization by an approved solidification media.
Previous to this, ion exchange resins were allowed to be
"dewatered"; however, this earlier process left large amounts of
residual liquids in the containers.

These new restrictions caused considerable controversy throughout
the nuclear industry and DHEC was besieged with concerns of the
ability of generators to meet these new sanctions. Even the NRC
expressed their concerns. DHEC considered these objections and
formulated a phase-in schedule to allow the generators time to
comply and acquire the equipment and/or services. For those
utilities who failed to make progress, they were prohibited from
shipping their waste. The results of these restrictions were
quite profound, and went a long way to provide credibility for
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shallow land disposal. By January 1, 1981, these restrictions
were fully implemented.

5. November 1979 - It was becoming increasingly evident that the
Barnwell site had become the major commercial low level waste
site in the nation accepting over 75% of waste transferred for
disposal (not generated). This was viewed by the political
leaders of the state as an unacceptable situation. Therefore,
Governor Richard Riley requested DHEC to impose a volume
limitation on Barnwell. This decision was twofold; not only was
there concern about the public's health from the impact of
increased transportation, but the capacity for South Carolina
generated waste was being jeopardized. Earlier, in January 1978,
a volume restriction had been imposed not to exceed 2.4 million
cubic feet per year. The November 1979 restriction established a
declining schedule that limited the site to no more than 189,000
cubic feet per month and by October 1981, the site could only
receive 100,000 cubic feet per month. This is now the permanent
restriction of 1.2 million cubic feet per year.

This plan also required a prior notification condition and an
allocation scheme to insure that South Carolina's interests were
preserved and its waste given priority. CNSI was responsible to
administer the allocation program based on the historical waste
disposals made by all the generators.

The volume limit restrictions had a considerable impact on the
nuclear industry, and almost created a panic situation; more so
than the present eventuality that the Barnwell site will close at
the end of 1992. However, waste generators again took innovative
measures to solve this problem confronting them. Better waste
management practices were devised such as segregation and
compaction. Advancements were made in waste processing such as
extrusion, evaporation, and solidification. Ion exchange resins
were regenerated and loadings became heavier. However, there
were some negative consequences to this. Waste became higher in
radionuclides and more hazardous from a handling, transportation,
and disposal standpoint. This required further restrictions
concerning containment of waste, and improving handling
techniques during disposal operations.

6. October 22, 1980 - Due to increased concentrations of
radionuclides in waste forms such as ion exchange resins and
other filter media, certain utilities were having problems
meeting the stabilization requirements previously established.
In order to allow an alternative to solidification, DHEC
conceived the idea to allow disposal in containers that could act
as a secondary barrier within the disposal trench, and contain
waste in a manner superior to solidification. There has always
been controversy concerning solidification, and the various media
and their processing problems. Therefore, DHEC issued its
criteria for the High Integrity Container (HIC). This caused
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serious repercussions from vendors supplying solidification
services for the utilities because they viewed this as an
encroachment on their business interest. On June 1, 1981, the
first HIC was approved and a 90 day allowance was granted to
phase out carbon steel dewatering liners for Class A Stable and
Class B and C wastes.

The use of HIC's proved to be a successful alternative to
solidification and went far to improve ALARA at the reactors and
the disposal site. However, a controversy arose in the late 80's
from the use of polyethylene as a HIC material. It was the
position of the NRC that this material did not meet the stability
criteria and that the containers would deform under the trench
backfill and crack, causing the release of radionuclides.
Although DHEC did not totally agree with this postulation,
concrete overpacks are now used for the emplacement of
polyethylene HIC's in the burial trenches to provide stability.
This of course increased burial expenses significantly, but it
did provide a reasonable solution to the perceived problem.

7. December 27, 1983 - 10 CRF Part 61 conditions were implemented
at the Barnwell Site. This had a significant impact on waste
generators concerning the proper classification of their waste
streams. Prior to the implementation however, DHEC required all
waste streams to be properly quantified and qualified, and
accurately account for the radionuclide concentrations.
Therefore, the generators had established data bases and
formalized their process control programs to assure proper
classification. Many generators were assisted by vendors who
developed elaborate computer codes. The impact of 10CRF Part 61
on burial facility operations was somewhat minimal due to the
fact that many of the restrictions had been put in to affect in
phases by the state previously, and it was not a tremendous
problem for the generators to comply with the new restrictions.

Legislative Restrictions

On July 1, 1980, the State of South Carolina's Low Level Waste
Transportation and Disposal Act was enacted. This state
legislation was very unique and somewhat controversial to waste
generators. For the first time in regulatory history, persons
transporting waste were required to secure a transport permit,
provide financial liability, and give three day advance notice of
their shipments. This legislation also subjected them to
enforcement sanctions by the state in the form of civil penalties
and permit suspensions for noncompliance with federal and state
regulations. In an effort to minimize the impact on waste
generators, the state devised a permitting and notification
system that was reasonable and somewhat simplified. This program
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has been extremely effective in the management of low level waste
and regulatory compliance.

Examples of LLW Restrictions at Barnwell

1. Liquid radioactive waste in any form. ALL liquids must be
solidified in approved media. Allowances made for
incidental free-standing liquids in solidified waste forms
and dewatered resins. There are no liquid allowances for
other waste forms. Absorbants may not be used as a
substitute for solidification. Absorbants only allowed for
incidental liquids such as condensation.

2. Scintillation fluids, e.g. toluene, xylene, dioxane, or
other similar organic liquids or solids to include
empty vials, bottles, glassware, etc. which have
contained these fluids.

3. Unsolidified sludge, aqueous filters, filter sludges,
evaporator bottoms, and ion exchange resins.
Allowances made for dewatered resins less than 1
uCi/cc.

4. Radium, except for small quantities in biological
waste, dials of instruments, compasses, watches, etc.
NO technologically enhanced radium sources,
contaminated soil, rubble, unless specifically approved
by the Department on a case-by-case basis.

5. Transuranic waste (Pu-239, AM-241, etc.) Limited to
mixed radionuclides: lOnCi/gr. - Class A, 100 nCi/gr. -
Class C. Waste primarily contaminated with transuranic
at or below limits is prohibited.

6. V7aste containing chelating agents with concentration
greater than 8% weight by volume.

7. Radioactive waste containing toxic or hazardous
chemicals where an evaluation has determined that the
hazard posed by the chemical or chemicals exceeds that
of the radioactive constituents.

8. Radioactive waste capable of producing toxic gases,
vapors, or fumes.

9. Pyrophoric radioactive waste and reactive materials.

10. Contaminated oil or pertroleum based material in any
form. Allowances made for incidental absorbed oil less
than 1% by waste volume.
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11. Untreated or improperly packaged waste containing
biological, pathogenic, or infectious material.

12. Any dispersable radioactive waste such as incinerator
ash, residuals or powders unless solidified or
specifically approved packaging.

13. Uncontained or bulk radioactive waste. ALL waste must
be packaged in acceptable closed containers.

14. Waste which exceeds Class C limits. Sealed source with
concentrations that exceed Class C limits are reviewed on a
case-by-case basis.

15. Gaseous radioactive material other than Krypton 85 and
Xenon 13 3.

16. Unencapsulated sealed sources or special for«i radioactive
materials greater than 5 curies.

Additional Requirements

1. Solidification media must have an approved topical
report by the NRC and final approval by state. All
solidified waste must meet NRC's Branch Technical
Position On Waste Forms and stability requirements oZ
the license.

2. High integrity containers (HICs) used as an alternative to
solidification or encapsulation must be approved by state.
As of March 1, 1986, all HICs received must have passive
vent system, approved by the Department.

3. Waste with concentrations at or greater than 1 uCi/cc
total with half-lives greater than 5 years must meet
stability requirements of Class B-C waste.

Conclusion

Low level waste has experienced a considerable evolution over the
past twenty years requiring numerous restrictions for shallow
land disposal. The ability of waste generators to comply with
these restrictions has been quite extensive and costly, but there
was a workable solution to each problem that arose. This is due
in part to the cooperation throughout the nuclear industry and a
reasonable approach taken by the regulatory agencies.

Today we are faced with even more challenges under the Low Level
Waste Policy Amendments Act of 1985. It is yet too early to
predict the outcome of this major restriction.
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STATUS REPORT ON TEXAS LOW-LEVEL RADIOACTIVE WASTE
DISPOSAL AUTHORITY ACTIVITIES

by
Robert V. Avant, Jr., P.E.
Deputy General Manager

BACKGROUND

In 1981, the Texas Low-Level Radioactive Waste Disposal Authority was
created by Article 4590M to site, develop, operate, decommission, and close a
low-level radioactive waste disposal facility for Texas generated waste. In
1989, the Authority's act was recodified by the Texas legislature in the Health
and Safety Code., Title 5. Sanitation and Environmental Quality, Subtitle D.
Nuclear and Radioactive Materials, Chapter 402. The Authority is governed by
a Board of Directors appointed by the Governor, composed of a certified health
physicist, geologist, attorney, medical doctor, and two private citizens.

Under the statute, low-level radioactive waste is defined as any
radioactive material with a half-life of 35 years or less or having less than 10
nanocuries per gram of transuranics. Materials with half-lives of greater than 35
years may be classed as low-level waste if special criteria are established by
the Texas Department of Health Bureau of Radiation Control.

Subsequent sessions of the legislature have amended the act to revise
siting criteria, require consideration of state land, create a Citizen's Advisory
Committee, incorporate alternative designs, and establish a special low-level
radioactive waste account in the state treasury.

As illustrated in Figure 1, the Authority began its activities in 1982. The
Authority has proposed a site in far West Texas near Fort Hancock, but El Paso
County, the neighboring county to the west, has instituted three separate
lawsuits to slow or stop the site selection process.

Particular attention was paid early in the site selection process to items
which could be fatal flaws from a licensing standpoint. Nuclear Regulatory
Commission (NRC) Regulations - 10 CFR 61; Texas Department of Health,
Bureau of Radiation Control (BRC) Regulations - Texas Regulations for Control
of Radiation (TRCR), Part 45; and Authority requirements provided guidance on
fatal flaw evaluations. Table 1 presents a comparison of absolute exclusion,
performance based, and preferred site selection criteria from NRC, BRC, and
Authority requirements.

There are five prescriptive absolute exclusion criteria relating to
modeling/characterization, surface water hydrology, groundwater hydrology,
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and soils which could result in a fatal flaw not related to site performance

objectives.

Figures 2, 3, and 4 show the site selection process from statewide

screening through site designation.

FORT HANCOCK SITE

Site Description

The Fort Hancock site is located on a 65,000 acre block of state land in

southwestern Hudspeth County. The site area is approximately 40 miles

southeast of El Paso, 12 miles east of the El Paso County line, and 10 miles

northeast of Fort Hancock, Texas. Figure 5 is a vicinity map.

The site area lies between the Rio Grande to the south and the Diablo

Plateau to the north. The Finlay Mountains are about 4 miles to the east of the

study area. The site has a slope of between 1 -2% and is classed by geologists

as an alluvial plain or alluvial slope. Several drainageways cross the siting

area and the 100 year flood plain is contained within the banks of these areas.

Surface drainage across the proposed site flows to the southwest into Alamo

Arroyo which flows south into the Rio Grande. Camp Rice Arroyo lies to the

south of the study area.

Transportation access to the site area is from Interstate 10 at Fort

Hancock via a county road. Approximately 10 miles of road construction will be

required to accommodate maximum weight trucks.

Both the site and surrounding areas are used as grazing land. The

combination of soils, climate, and topography totally precludes any form of more

intensive agriculture.

The site lies at the eastern edge of the Hueco Bolson, a major basin and

range graben. Rocks in the area range in age from Precambrian to Recent.

The strata most important at this site are late Tertiary to Recent sediments of the

Hueco Bolson. The Fort Hancock and Camp Rice formations, composed of

bedded stratas of fine and coarser materials, will be the host formations for the

low-level radioactive waste disposal units.

A fault system cutting the Quaternary and Tertiary alluvial and basin-fill

deposits in the vicinity of the study area has been mapped. The main fault is

well exposed in several branches of Diablo Arroyo near Campo Grande

Mountain and is informally referred to as the Campo Grande fault. This fault has
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a very long recurrence interval and will not affect the security of the facility. The
facility will be designed to withstand forces from earthquakes.

Cretaceous rocks form a plateau north of the siting area and underlie the
siting area. Several wells in the area penetrate Cretaceous rocks of the Finlay,
Cox, or Bluff Mesa Formations. No significant amounts of ground water have
been encountered in the bolson fill in the site area, and no recharge into the
bolson is indicated in the area of the site. More significant amounts of
groundwater have been observed in the Cretaceous and it is confined at about
500 feet below land surface. However, water in the Cretaceous is of low
quantity and quality and has a very low hydraulic conductivity. Data indicates
that there is no significant hydrologic connection between the bolson deposits
in the site area and the bolson deposits closer to the Rio Grande where the
bolson is used as a water supply.

The site area and surroundings are a part of the southern desert shrub
vegetation regions. The site receives about 9 inches of rainfall per year and
experiences about 73 inches of evaporation per year.

Numerous native animal and plant species inhabit the area, but
population densities are low. Site investigations have revealed only one
threatened animal species, the Texas Horned Lizard. No endangered animal
species inhabit the site, and based on published habitat preferences, none are
expected to occur. No threatened or endangered plant species are currently
listed for the county.

Cultural features such as schools, churches, and cemeteries are located
in the communities of Fort Hancock and Sierra Blanca, 10 miles southwest and
27 miles southeast respectively. Other areas of historic significance located
along the Rio Grande and downstream include Fort Quitman and Indian Hot
Springs

The Guadalupe Mountain National Park extends into the northeast
corner of Hudspeth County some 54 miles to the northeast of the site area, and
the Sierra Diablo Wildlife Management area is located approximately 47 miles
to the east of site area.

The nearest archaeological sites are prehistoric rock art of the Yamada
Mogollon people in a header canyon of Alamo Arroyo and at various spots
along the Diablo Plateau escarpment 3 miles to the north and east of the site. A
detailed survey of the site area has revealed isolated hearth sites. Excavation
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of the most significant hearth sites revealed no significant cultural resources on

the site area.

A radiological performance assessment of the site has determined that

the site will perform well within regulatory requirements. The high differential

between evaporation and rainfall greatly reduces the potential for downward

water migration, and the site geology and facility design further assure a safe

and secure site.

Detailed Site Evaluation Studies

The Authority began detailed site evaluation studies on the Fort Hancock

site in the summer of 1988 and the studies were completed in the spr'ng of

1990. More detailed data than had been developed during site screening

activities was required to provide sufficient data to determine site suitability and

to support licensing.

The detailed site evaluation program addressed the full range of

regulatory criteria presented in Table 1 and was separated into three major

study areas: Engineering and Geology, Environmental, and Health Physics.

These are illustrated in Figure 6. Detailed analyses have been prepared

related to:

geology (stratigraphy, geomorphology, structure, and geochemistry);

geophysics and seismicity;

geotechnical engineering;

groundwater and surface water hydrology;

flora/fauna/soils (endangered/threatened species, flora/fauna/soils

inventory, site condition analysis, and soils map);

socioeconomics/demography (socioeconomic condition, economic

impact, demographic/public service impact, local government

impact, and historic, demographic, economic and rural

characteristics);

meteorology/air quality (regional/local climatology and airborne pathway

analysis);

cultural resources (archaeological survey);

background radiation; and

site/facility performance assessment.
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Site Designation

Until pending litigation is complete, the Authority's Board of Directors

may not be able to proceed with site designation. State law requires that the

Authority go through a number of procedural steps prior to designating a site.

This includes preparing a summary report on the site selection process,

scheduling and holding a public hearing in the county of the candidate site,

designating the site through Board action, and issuing a formal Board order

designating the site. Designation will trigger the preparation and submittal of a

license application to the Texas Department of Health, Bureau of Radiation

Control (BRC). BRC is the state regulatory agency responsible for enforcing

Nuclear Regulatory Commission regulations.

Siting Issues

Since the summer of 1988, El Paso County has hired numerous

technical consults and attorneys to scrutinize the Authority's site selection

process, the Fort Hancock site, and the facility design. Well over $2,000,000

has been spent on this effort.

Three lawsuits have been filed by El Paso County attempting to slow or

stop the site designation process. The first lawsuit was resolved by a Supreme

Court decision in favor of the Authority, the second was dropped, and the third is

scheduled for trial in September 1990 in a District Court in El Paso. The

Authority anticipates that up to two years could be consumed by this lawsuit and

the inevitable appeals.

Site suitability and facility design are the major areas where El Paso

County has attacked the site selection process. The Authority contends that El

Paso has not considered the importance of performance objectives in proving

site suitability as required by the regulations. El Paso County correctly

observes that there are limited prescriptive site selection criteria either in BRC

or Authority requirements, and they argue that specific prescriptive criteria

delineating distances to active faults, maximum areas of upstream drainage,

distances to populated areas, depth to groundwater, etc. should have been

developed and applied.

The pertinent regulations do not require prescriptive requirements except

for modeling/characterization, the 100-year flood plain, water table, and ground

water discharge. All other criteria rely on demonstrating that the site can meet
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performance objectives. If highly prsscriptive rules had been promulgated,

many good sites could have been disqualified regardless of how well they

might have met performance objectives.

In NUREG 1199, an NRC guidance document, reference is made to 10

CFR 100, which relates to nuclear power plants and to the Standard Review

Plan for UMTRCA Title 1 Mill Tailings Remedial Action Plans. El Paso County

has attempted to apply this guidance as absolute site selection and design

criteria for a low-level radioactive waste disposal facility. Even though a low-

level radioactive waste disposal facility may have some similarities, to apply the

same design standards for a low-level radioactive waste disposal facility and for

nuclear power plant or mill tailings facility is totally inappropriate.

Attachment 1 provides a detailed comparison of TRCR Part 45, El Paso's

position, and the Authority's position regarding the Fort Hancock site.

WASTE VOLUME PROJECTIONS

In 1989, the Texas Low-Level Radioactive Waste Disposal Authority

surveyed low-level waste generators in Texas and projected an annual waste

generation rate of about 52,000 cubic feet per year. Table 2 shows the waste

volume projections from this survey.

On a regional basis, the generation of low-level waste in Texas can be

estimated as follows:

Nuclear Power Industry Non-Utility Generators

Glen Rose 31% Houston - Galveston 16%

Bay City 31% Dallas - Ft. Worth 11%

Austin - San Antonio 5%

Balance 6%

Low-level radioactive waste is divided into classes based on the amount

of radioactivity and the radiotoxicity of ths nuclides present in the waste. Class

A is the least hazardous waste. Class B and C wastes are more hazardous and

must meet special stability requirements before they can be disposed of at a

low-level waste disposal facility. !n Texas, the low-level waste generated is

projected to be:
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Class A
Class B

Class C

94%
4%
2%

FACILITY DESIGN

The facility will be located on about 3,000 acres of the 65,000 acre state

tract. Disposal will take place on 100-200 acres, and the remainder of the area

will be used tor drainage, roads, support facilities, and buffer areas.

State law requires that all waste be placed in steel reinforced concrete

containers. Steel reinforced concrete canisters will be at least sixteen feet

below ground level. They will be spaced about eighteen inches apart and

backfilled with granular material to facilitate monitoring and cushioning against

seismic movement. Waste will be disposed of by class depending on whether it

is Class A, B/C, or mixed waste. Figure 7 shows a typical cross section of a

disposal unit. Table 3 defines the waste acceptance criteria of the Authority,

and Table 4 lists the facility structures and improvements.

LICENSE APPLICATION

Texas is an Agreement State. Under this program, the NRC has

delegated its regulatory authority to Texas. The BRC will license the Authority's

facility applying TRCR Part 45 which is based in part on 10 CFR 61. The license

application format adopted by the Authority follows the structure of TRCR Part

45 and contains six sections. Table 5 shows the format of the license

application.

COST AND SCHEDULE

The total cost of construction and equipment is estimated to be about $27

million. The life cycle cost over a thirty year period is projected at about $233

million. Table 6 shows the life cycle costs of the Authority.
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The outcome of the pending lawsuit and the appeals process will have a

major impact on the Authority's schedule. Unless there is relief from extended

litigation, Table 7 shows the anticipated development schedule for the Authority.

CONCLUSION

In spite of political and legal impediments, the Authority has been able to

identify and characterize a suitable site for Texas low-level radioactive waste.

The Authority expects to prevail in the litigation at the appellate stage, but up to

two years could be required to do so.

When the Authority is allowed to proceed, licensing could begin in 1993

and will take about two years. A license could be issued in 1995. Construction

will take about one year and the facility could be operational in 1996.
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3.

4.
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8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Table 1
Texas Low-Level Radioactive Waste Disposal Authority
Comparison of Selected Regulations and Requirements

Ensure Performance Objectives

Characterized, Modeled, Analyzed,
Monitored

Low Population Growth

Natural Resources

100 Yr Flood Plain

Upstream Drainage

Water Table

Ground Water Discharge

Tectonics

Surface Geology

Nearby Facilities

Aquiier Recharge Zone

Soil Conditions

Meteorological Conditions

Parks, Monuments, Wildlife Areas

Archaeology

Endangered Species

Conflicting Easements

Access

State Land

Transportation

10 CFR 61 TRCR Part 45.50 Authority
General Prescriptive General Prescriptive General Prescriptive

X(PB)

X(AE)

X(PB)

X(PB)

X(AE)

X(P)

X(AE)

X(AE)

X(PB)

X(PB)

X(PB)

PB - Performance Based AE - Absolute Exclusion P -
1 - This requirement is addressed in other Authority criteria

X(AE)

X(PB)

X(PB)

X(AE)

X(P)

X(AE)

X(AE)

X(PB)

X(PB)

X(PB)

X(PB)

X(AE)

Preferred

-(1)

X(AE)

X(PB)

X (PB) X

X(AE)

X(P) X

X <AE) X

X(AE)

X(PB)

X(PB)

X(PB)

X(AE)

-(1)

X(P)

X(P)

X(P)

X(P)

X{P)

X(P)

X(P)

X(P)
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Table 2
Texas Low-Level Radioactive Waste Disposal Authority

Waste Volume Projections

UTILITY WASTE STREAMS
( 2 NUCLEAR POWER PLANTS - 4 UNITS)

COMPACTIBLE TRASH
NON-COMPACTIBLE TRASH
ION-EXCHANGE RESINS
FILTER CARTRIDGES ETC.
OTHER

TOTAL PER YEAR

NON-UTILITY WASTE STREAMS
(UNIVERSITIES, HOSPITALS, RESEARCH
FACILITIES & INDUSTRIES)

COMPACTIBLE TRASH
NON-COMPACTIBLE TRASH
BIOLOGICAL WASTES
ABSORBED LIQUIDS
SEALED SOURCES
OTHER

TOTAL PER YEAR

MIXED WASTE (HAZARDOUS / RADIOACTIVE)

TOTAL PER YEAR

PROJECTED TEXAS WASTE STREAM

TOTAL PER YEAR

16,000 CU. FT.
13,000 CU. FT.
4,600 CU. FT.
3,100 CU. FT.

200 CU. FT.

36,900 CU. FT.

12,000 CU. FT.
1,800 CU. FT.

750 CU. FT.
220 CU. FT.

220 CU. FT.
100 CU. FT.

15,090 CU. FT.

100 CU. FT.

52,090 CU. FT.
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Table 3
Texas Low-Level Radioactive Waste Disposal Authority

Waste Acceptance Criteria

55-gal. Drums / 85-gal. Overpacks

B-25 Boxes or Equivalent

195/215 Liners

High Integrity Containers

Maximum Single Container Height - 79 in.

Maximum Container Diameter - 76 in.

Odd-shapes Items Accepted on Case-By-Case Basis

Dewatered Resins Cannot Contain More Than 0.5% Freestanding Liquids

No Pyrophoric, Flammable, or Explosive Materials

Compactible Waste Must be Compacted at Least by a Ratio of 3:1
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Table 4
Texas Low-Level Radioactive Waste Disposal Authority

Facility Structures and Improvements

Disposal Units

Class A
Class B/C
Mixed Waste

Buildings

Administration
Health Physics
Maintenance
Waste Storage and Processing
Warehouse
Pump House
Security Station

Drainage System

Retention/Detention Pond

Roads

Perimeter and Internal Fencing

Utilities

Equipment

Furnishings
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Table 5
Texas Low-Level Radioactive Waste Disposal Authority

License Application Format

General Information
General descriptions of applicant, personnel, facility, waste

stream, and schedule
Specific Technical Information

Design Criteria
Natural Events and Phenomenon
Codes and Standards
Design Features
Construction and Operation
Source Term
Quality Control
Radiation Safety Program
Operation and Procedures Manual
Administrative Procedures

Environmental Information
Statement of Need
Schedule
Area and Site Characteristics
Natural Resources
Flow Diagram
Site Selection
Project Alternatives
Radiological and Non-radiological Impacts
Environmental Effects
Environmental Monitoring Programs
Decommissioning and Site Closure
List of Permits

Technical and Environmental Pathways
Migratory Pathways
Inadvertent Intruder
Worker Protection
Site Stability
Nonradiological Impact

Institutional Information
Certification of Post Closure Acceptance
Ownership of Site
Site Legal Description
Management Plan

Financial Information
Financial Stability
Funding of Closure, Stabilization, and Institutional Controls
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Table 6
Texas Low-Level Radioactive Waste Disposal Authority

Projected Life Cycle Costs

PRE-OPERATION

OPERATION

CLOSURE

POST CLOSURE

TOTAL

PROJECTED AVERAGE FEE
$100-$200 PER CU. FT.

$ 39

163

8

21

$233

,813

787

456

363

,424

t

000

000

000

000

000

Texas Low-Level

SPRING 1992

SUMMER 1992

FALL 1992

WINTER 1994

SPRING 1995

SPRING 1996

SUMMER 1996

Table 7
Radioactive Waste Disposal Authority

Schedule

LITIGATION COMPLETE

DESIGNATE SITE

SUBMIT LICENSE APPLICATION

LICENSE HEARING COMPLETE

LICENSE ISSUED

CONSTRUCTION COMPLETE

OPERATION

Note: Litigation comprises about two years of this schedule.
Any reduction in the time of litigation would proportionately shorten
the development schedule.
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Figure 1
Texas Low-Level Radioactive Waste Disposal Authority

Chronology

LEGISLATURE CREATES
TEXAS LOW-LEVEL

RADIOACTIVE WASTE
DISPOSAL AUTHORITY

(1981)

I
GOVERNOR APPOINTS
BOARD OF DIRECTORS

(1982)

i r

AUTHORITY STAFF
ASSEMBLED
(FALL 1982)

r

INITIAL SOURCE TERM,
CONCEPTUAL DESIGN,

ECONOMIC ANALYSIS, &
TRANSPORTATION STUDY

(FALL 1982 • SPRING 1983)

1 r

SITE SELECTION AND
SITE EVALUATIONS

(FALL 1982 • FALL 1990)

i *

FACILITY PRELIMINARY
AND FINAL DESIGN

(1987 • 1990)

1

LICENSE APPLICATION
AND

SUPPORTING MATERIAL
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Figure 2
Texas Low-Level Radioactive Waste Disposal Authority

State-Wide Site Selection Process

PHASE 1

STATE-

WIDE

SCREENING

Applied siting
criteria at

1:1,000,000 seals
statewide &

prepared overlay
maps for each

criteria resulting in
a composite
of the state.

Selected more
favorable araas.

Identified
15 potential
siting areas in

alt or pans of 105
counties.

Evaluated at
1:500,000 &

1:250,000 scales
for more favorable

areas.

Selected 8 preferred
siting areas in B2

countles-

Hudspeth
Nueces Plains
Black Prairie
North Central Prairies
Western Cross Timbers
Abilene-Haskell Plain*
Red Bed Plains
Northern Black Prairie.

en

PHASE II

CITC

IDENTIFICATION

Screened preferred
siting areas

to locate
potential tracts.

280 sites 250
acres or larger

using site
specific criteria at

1:24,000 scale.

Identified
57 sltos using
•Ir and ground

reconnaissance.

Ranked sites
using weighted
environmental
& engineering/

economic criteria.

Identified 26 sites
for further study.

Identified 6 suitable
and available sites:

NP-F9A (Dimmit)
NP-E11F (McUullen)
NP-W18D (LcSalla)
HU-IA (Hudspeth)
HU-IB (Hudspeth)
RBP-27E (Garza).

PHASE III

PRELIMINARY

SITE

CHARACTER-
IZATION

Conducted
on-slte

geology, hydrology,
A environmental

evaluation*
to confirm

reconnaissance level
information it the
6 available sites.

Evaluated site
data & confirmed

availability.
Identified NP-E11F

(McMullen)
and

NP-F9A (Dimmit)
as sites for
further study.

Staff recommended
NP-E11F

(McUullen)
as prime she.

Board elected
not to designate
a site pending

legislative itctlon
on state lands.



Figure 3
Texas Low-Level Radioactive Waste Disposal Authority

State Land Siting Process
(1385 - 1986)

TASK 1

POTENTIAL

SITING

AREAS

Updated
composite map
using revised
siting criteria
Imposed by
legislature.

Identified
2.9 million acres

of state land
In 172

counties.

Screened potential
siting areas at a

scale of 1:1,000,000.

Identified
667,000 acres

of state owner1 land
in 10 counties.

Grouped the 10
counties Into

S potential siting
areas at a scale of

1:250,000:

N. Trans-Pecos
S. Trans-Pecos
S. High Plains
Abllene-Haskell PI.
Nueces Plelns

Three
areas Identified as

more suitable:

N. Trans-Pecos
(Culberson A

Hudspeth)
S. Trans-Pecos

(Brawster A
Presidio)

S. High Plains
(Andrews, Loving,

Ward A WInklar).

TASK 2

SITE

IDENTIFICATION

AND

RANKING

Screened potential
siting areas

using exclusionary
criteria at a

scale of
1:250,000.

Identified
427,000 acres

In the 3
favorable siting

areas.

Screened potential
site arees at a

scale of
1:62,500 A 1:24,000

A identified 107
tracts.

Using air and ground
reconnaissance.

Identified 18 sites
plus HU-1A A HU-1B
from statewide study.

Rankod 20 sites In
Hudspeth, Culberson,

Brewster, Loving,
Presidio, A Ward

counties
using weighted
environmental
A engineering/

economic factors.

Identified 8 candidate
sites for

further evaluation:
NTP-U21 (Hudspsth)
NTP-U22 (Hudspeth)
NTP-U23 (Hudspeth)
NTP-U31 (Hudspeth)
NTP-S34 (Hudspeth)
NTP-S1S (Culberson)
HU-1A (Hudspeth)
HU-1B (Hudspeth)

TASK 3

SITE

EVALUATION

Selected 4 sites from
Task II A added 3

sites at the request
of UT.

NTP-S19 (Culberson)
NTP-U21 (Hudspeth)
NTP-U23 (Hudspeth)
NTP-S34 (Hudspeth)
NTP-U35 (Culberson)
SHP-U1 (Loving)
SHP-U2 (Ward)

Drilled one bore
hole at each

of the seven
sites to confirm

reconnaissance
Information.

Evaluated geology,
ground water, A
environmental

conditions on a
site specific basis.

identified 5
sites for further

study:

NTP-S34 (Hudspeth)
NTP-S1S (Culberson)
HTP-U21 (Hudspeth).

H I M A A HIMB
Identified during

the statewide
study were Included

on the list.
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Figure 4
Texas Low-Level Radioactive Waste Disposal Authority

Site Designation
(1886 - 1990)

Conducted on-slte
evaluations of

geology & ground
water & surface

water hydrology at
sites NTP-S1S,

NTP-S34, t, Block 46
(additional site area).

Eliminated
NTP-S15 & Block 46
for complex geology

ft ground water.

El Paso County
enjoined the
Authority from

designating NTP-S34
(Feb. 19B7).

Injunction dismissed
by Court of Appeals

(March 1988).
(The legal process

delayed the Authority
by about 13 months.)

—

Authority conducts
Board hearing in

Hudspeth County.
Authority Board

issues Board order
designating site &

authorizing submlttal
of the license
application.

•

———

»

— —

fr

Conducted additional
on-slte evaluations
of geology & ground

water & surface
water hydrology at
Hudspeth county
sites HU-1A, &

HU-1B. Eliminated
HU-1A for surface
water & NTP-U31
for ground water.

. '

Began detailed
evaluation of

NTP-S34 (May 1988):
Geology
Geophysics
Geotechnical
Surface/Ground

Water Hydrology
Dora ft Fauna
Soils
Archaeology
Meteorology.

_ _ ' •

Authority staff
prepares site

characterization,
facility design, ft

other support
materials for

license.

»•

• •

»

-

—*>

Authority
Board formally

named NTP-S34 &
HU-IB for further

consideration
(Nov. 1986).
Conducted
additional

socioeconomlc
evaluations on

HU- IB.

• *

Authority Board
of Directors

formally designates
NTP-S34 as

proposed site.
(Nov. 1989)

. — —

Authority staff
assembles license

application & submits
It to the Texas

Dept. of Health,
Bureau of Radiation

Control.

e>

_

1>

•

0

Authority staff
was prepared
to recommend
NTP-S34 as

proposed site
in February 1987.

El Paso County
again sues to
stop selection
of NTP-S34
(Dec. 1989).

Scheduled for
trial in El Paso

County
(August 1990).

Bureau of Radiation
Control begins

license application
review.



Figure 5
Texas Low-Level Radioactive Waste Disposal Authority

Fort Hancock Site Vicinity Map
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Figure 6
Texas Low-Level Radioactive Waste

Disposal Authority
Fort Hancock Site Evaluation Organization
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Figure 7
Texas Low-Level Radioactive Waste Disposal Authority

Cross Section Schematic of Disposal Unit
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EXPERIENCE WITH THE EPA MANUAL FOR
WASTE MINIMIZATION OPPORTUNITY ASSESSMENTS

James S. Bridges
U.S. Environmental Protection Agency

26 W. Martin Luther King Drive
Cincinnati, Ohio 45268

Introduction

The EPA Waste Minimization Opportunity Assessment Manual (EPA/625/7-
88/003) was published to assist those responsible for managing waste minimization
activities at the waste generating facility and at corporate levels. The Manual
sets forth a procedure that incorporates technical and managerial principles
and motivates people to develop and implement pollution prevention concepts and
ideas. Environmental management has increasingly become one of cooperative
endeavor whereby whether in government, industry, or other forms of enterprise,
the effectiveness with which people work together toward the attainment of a
clean environment is largely determined by the ability of those who hold
managerial position. It is recognized that scientific knowledge, engineering
skills, technical abilities, or vast amounts of material resources by themselves
are limited without high quality management tools and effective coordination of
human resources.

This paper offers a description of the EPA Waste Minimization Opportunity
Assessment Manual procedure which supports the waste minimization assessment as
a systematic planned procedure with the objective of identifying ways to reduce
or eliminate waste generation. The Manual is a management tool that blends
science and management principles. The practice of managing waste
minimization/pollution prevention makes use of the underlying organized science
and engineering knowledge and applies it in the light of realities to gain a
desired, practical result. Too often science and management disciplines do not
complement each other. Since there is no science in which everything is known
and all relationships proved, and it is recognized that management is perhaps
the most inexact of the social sciences, the descriptive, prescriptive and
normative principles have value in gaining effectiveness and efficiency in the
day to day decision making of pollution prevention.

The early stages of EPA's Pollution Prevention Research Program centered
on the development of the Manual and its use at a number of facilities within
the private and public sectors. This paper identifies a number of case studies
and waste minimization opportunity assessment reports that demonstrate the value
of using the Manual's approach. Several industry-specific waste minimization
assessment manuals have resulted from the Manual's generic approach to waste
minimization. There were some modifications to the Manual's generic approach
when the waste stream has been other than industrial hazardous waste. There are
other cases where the Manual requires modification, but the waste minimization
incentives and the waste minimization assessment procedure should be adaptable
to most situations.
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Waste Minimization Opportunity Assessment (WMOA)

The Waste Minimization Opportunity Assessment (WMOA) can best be described
by defining the three terms: 1) waste minimization, 2) opportunity, and 3)
assessment as used in the context of pollution prevention. First, the working
definition of waste minimization consists of source reduction and recycling which
are the most desirable steps on the waste management hierarchy before treatment,
storage or disposal of the waste. Waste minimization focuses on source reduction
or recycling activities that reduce either the volume or the toxicity of waste
generated. Terms used which are somewhat synonymous with waste minimization
are: waste reduction, clean technologies, pollution prevention, environmental
technologies, low- and nonwaste technologies, and green technologies.

The second term, opportunity refers to the compelling incentives for
reducing or eliminating the generation of waste. Since top management commitment
of time, personnel and financing is essential to the success of a pollution
prevention program, the changes for obtaining this commitment are enhanced by
outlining the potential incentives for waste minimization. A variety of
incentives for minimizing the generation of waste include the following:

Sound Economics (reducing costs for raw materials, waste treated and
disposal)

Compliance with Regulations (including disposal regulations, reporting
and permitting requirements)

Reduced Liability (including environmental problems and work place
safety)

Improved Public Image and Environmental Concern

The term assessment is a systematic step-by-step review of understanding the
process and waste stream, identifying options for reducing waste, and determining
which options are technically and economically feasible to justify
implementation. The assessment is not an environmental audit or an attempt to
determine regulatory compliance.

The waste minimization opportunity assessment is therefore a systematic
examination of a waste generating process and its components with the goal of
recommending techniques and or technologies that would enhance the cleanliness
of a particular process or operation.

Waste Minimization Opportunities

It is quickly recognized that waste minimization is site specific, but a
number of generic approaches and techniques have been used successfully across
the country to reduce many kinds of industrial wastes.

Generally, waste minimization opportunities can be grouped into four major
categories: 1) inventory management and improved operations; 2) modification
of equipment; 3) production process changes; and 4) recycling and reuse. Such
techniques can have applications across a range of industries and manufacturing
processes, and can apply to hazardous as well as nonhazardous waste.
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Many of these techniques involve source reduction -- the preferred option
on EPA's hierarchy of waste management. Others deal with on- and off-site
recycling. The most feasible strategy may be a combination of source reduction
and recycling approaches.

The approaches discussed and illustrated in Figure
minimization examples for generic and specific processes.

1 provide waste

Figure 1
Waste Minimization Approaches and Techniques

Inventory Management & Improved
Operations

•Inventory and trace all raw materials.
•Purchase fewer toxic and more nontoxic
production materials.

•Implement employee training and man-
agement feedback.

•Improve material receiving, storage,
and handling practices.

Modification of Equipment

•Install equipment that produces
minimal or no waste.

•Modify equipment to enhance recovery
or recycling options.

•Redesign equipment or production
lines to produce less waste.

•Improve operating efficiency of
equipment.

•Maintain strict preventive mainten-
ance program.

Production Process Changes

•Substitute nonhazardous for
hazardous raw materials

•Segregate wastes by type for
recovery

•Eliminate sources of leaks and
spills.

•Separate hazardous from non-
hazardous wastes.

•Redesign or reformulate end
products to less hazardous.

•Optimize reactions and raw material
use.

Recycling and Reuse

•Install closed-loop systems.
•Recycle onsite for reuse,
•Recycle offsite for reuse.
•Exchange wastes.

The Waste Minimization Assessment Procedure

The waste minimization assessment procedure is outlined in the Manual and
in Figure 2. The planning and organizational aspects provide the foundation for
the WMOA through setting goals, organizing the WMOA task force and assuring
management support. The assessment phase includes data collection, targeting
waste generating operations, selecting the WMOA team, and identifying potential
waste minimization options. The feasibility analysis phase determines the
economic and technical feasibility of the selected options for waste
minimization. The final phase of the procedure is the implementation which
measures the effectiveness of the selected options and provides the technical
and economic justification.

The following sections describe some of the assessment efforts currently
being conducted by the EPA.



Figure 2
The Waste Minimization Assessment Procedure

I. Planning and Organization

• Get management commitment
• Set assessment program goals
• Organize assessment program task force

II. Assessment Preparation Step

• Identify and track waste streams
• Compile process and facility data
• Prioritize and select assessment targets
- Select people for assessment teams

III. Assessment Step

• Inspect site
• Generate options
• Screen and rank options
• Select options for feasibility study

IV. Feasibility Analysis Step

• Technical evaluation
• Economic evaluation
• Select options for implementation

V. Implementation

• Justify projects and obtain funding
• Install or modify equipment
• Implement new procedure
• Evaluate performance of projects

DEPARTMENT OF DEFENSE

The greatest quantities of hazardous waste within the Department of Defense
(DoD) are generated by plating, cleaning, and stripping operations. To date,
the EPA's Waste Reduction Evaluations at Federal Sites (WREAFS) Program support
of DoD pollution prevention activities include projects conducted at the
Philadelphia Naval Shipyard, Fort Riley (Kansas) Army Forces Command, and the
Naval Undersea Warfare Engineering Station in Keyport, Washington. These
projects have identified pollution prevention opportunities for a range of
industrial and mil itary operations including: metal cleaning, solvent degreasing,
spray painting, vehicle and battery repair, ship bilge cleaning, and weapons
overhaul. The resultant pollution prevention recommendations and research
identification are source reduction methods including technology, process, and
procedural changes and recycling methods, which focus on reuse and recycling.
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Philadelphia Naval Shipyard Assessment

One of the WREAFS sites chosen for performance of a waste reduction
assessment is the Philadelphia Naval Shipyard (PNSY). This Federal facility
specializes in revitalizing and repairing operational naval vessels. A wide
range of industrial processes are performed at the PNSY, many of which generate
wastes. This project focused on the processes and wastes of operations related
to aluminum cleaning, spray painting, and bilge cleaning. Seven waste
minimization options were evaluated during this project.

An aluminum cleaning operation is performed to remove oil and other
materials from the surfaces of aluminum sheets prior to welding. This process
is critical in that the welding operation cannot be performed unless the metal
surfaces are properly cleaned. The cleaning line consists of four tanks: two
process tanks and two rinse tanks. The process tanks contain a proprietary
cleaning solution. One of the process tanks is heated (steam coil) and the
other is at ambient temperature. The heated tank is used more often since it
provides better oil removal. The rinse tanks contain tap water. Both rinse
tanks are heated.

The process tanks become diluted after repeated operation due to dragout
losses and tap water replenishment. These tanks also collect floating oil, and
the solution becomes contaminated with suspended solids. During this project,
drag-out reduction methods and an alternative rinsing procedure were evaluated
which would reduce the frequency of discharge for these wastestreams.

The spray painting processes are used for small and medium-sized aluminum
and steel parts. Aluminum parts are degreased by wiping with rags that have
been dipped in xylene. The parts are then spray painted in a water curtain
booth. The painting process typically consists of a zinc chromate primer, air
drying, a final enamel paint coating, and air drying. A new booth water chemical
system was used for the first time during the survey.

The economics of the new booth maintenance system were evaluated during
this project. Also, optional dewatering equipment was evaluated which is
currently under consideration by PNSY. The dewatering equipment will reduce the
volume of paint sludge generated by the maintenance system.

PNSY employs a chemical cleaning process for ships' tanks, bilges and void
spaces termed the citric acid process. It is generally performed while ships
are in drydock. This process is relatively new (1976) and it replaces the
mechanical methods of cleaning and derusting metal surfaces. The procedures
involve the use of a citric acid/triethanolamine (TEA) solution to remove the
oxides from the metal surfaces, and subsequent neutralization and rinsing with
dilute solutions.

The results of the PNSY assessment are summarized in Table 1. The best
options in terras of cost savings are the awareness and training program for paint
waste reduction and the changes to the aluminum cleaning line including the
dragout reduction, bath maintenance, and improved rinsing. These three options
offer a combined net savings of 5158,680 per year.
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TABLE 1. PHILADELPHIA NAVAL SHIPYARD SUMMARY OF WM OPTIONS

location Process and Waste

BUILDING 990

Aluminum Cleaning
Spent KRC-7X

Spray Painting of Aluminum
Paint Sludge

Used Paint Thinner
and

Unused Paint

BUILDING 1028

WM Options

Bath Maintenance
Two Stage Rinse

Booth Chemicals

Paint Sludge Dewater.

Awareness & Training

Nature of
WM Option

Equipment
Equipment

Materials

Equipment

Personnel/
Proced.

Total Capital
Investment

$

$12,200
3,116

12,190

9,550

24,266

Savings

$44,190
34,590

5,430

3,840

79,900

Payback
Period

yr

0.3
0.1

2.3

2.5

0.3

Est. Waste
Reduction

lb/vr

44,035
190,590

-

15,012

unknown

Spray Painting of Steel
Paint Sludge

DRYDOCKS

Citric Acid Derusting
Cone. Citric Acid/TEA

Booth Chemicals Materials

Paint Sludge Dewater. Equipment

ED Recovery System Equipment

3,300

same as
bldg 990

76,050

5,460 0.6 27,022

60,720 1.3 124,241



Ft. Rilev (Kansas) Army Forces Command

Another WREAFS site was the U.S. Army Forces Command (FORSCOM) located at
Ft. Riley, Kansas. This government-owned, government-operated installation
provides support and training facilities for the 1st Infantry Division, Non-
Divisional Units, and tenant activities. The areas selected for assessment were
the Division motor pools. Results of the waste minimization assessment
identified two waste reduction opportunities in a multipurpose building used for
automotive subassembly rebuilding, lead acid battery repair as well as other
maintenance operations.

One opportunity is with the lead acid battery repair shop where battery
acid is currently being drained from dead batteries and batteries being repaired.
It is proposed that the waste battery acid be collected in a holding tank,
filtered to remove particulates, and adjusted in concentration to 37 percent
sulfuric acid as needed for reuse in reconditioned or new batteries. Battery
acid disposal is currently costing twice as much as new acid procurement. By
reusing the spent acid, the cost of disposal and purchase of new acid will be
reduced.

The second waste reduction opportunity is in the area of automotive parts
cleaning. Currently the dirty aqueous alkaline detergent solution for automotive
parts cleaning, which contains trace levels of lead, chromium, and cadmium as
well as the oils, grease, and dirt is drained to an on-site evaporation pond.
The proposed waste minimization option for this waste stream involves emulsion
breaking to remove the tramp oils, filtration to remove particulates, and
addition of fresh alkaline detergent as necessary, followed by reuse for
automotive parts cleaning. In addition, another pollution prevention practice
would be to monitor the types and kinds of parts which require cleaning for
repair and determine how to prevent the part from breaking. By extending part
life, the need for repair, and therefore cleaning needed prior;to repair, would
be reduced.

The waste reduction options identified at the Ft. Riley assessment are
recycle/reuse options. A net savings in operating costs is anticipated to be
$149,400 per year. It is also noted that the options recommended at Ft. Riley
may be applied in at least 10 other U.S. Army FORSCOM installations.

INDUSTRY ASSESSMENTS

Simultaneously with the assessments at Federal sites, EPA is conducting
WMOA's at industrial facilities. The focus of these efforts has been on locating
small and medium-sized facilities which may not have the immediate resources or
expertise to do what is necessary to reduce their waste, and would benefit
significantly from Agency support. Toward this goal, assessments have been
conducted at a mini-photo lab and a truck manufacturing facility. Both hazardous
and non-hazardous wastes are included in the assessments.

Details on the two assessments are provided below.
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Mini-Photo Lab

After an assessment in August 1989, the assessment team identified five
waste minimization options they considered applicable to the wastestreams of
interest. Following is a brief description of these options.

Option 1 - Wash Water Control - Wash water is used for color film
development and the B&W paper process. The wash water is turned on
each production day at approximately 7:00 a.m. and shut off at 7:00
p.m. Water use is therefore continuous during the day, however,
production is not. The waste minimization option consists of a
simple timer control system consisting of a switch, timer and
solenoid valve. The operator would punch a button on the switch to
activate the timer. In turn, the activated solenoid would allow
water to flow for a preset time period.

Option 2 - Silver Recovery/Metal Replacement Cartridges - Silver is
found (as light-sensitive silver halide) in spent photographic
chemicals and wash waters as a result of removing the emulsion on
films and papers. A metal replacement cartridge is a widely-used
device for silver recovery. It can be used alone or in conjunction
with other recovery technologies. In this case, the spent process
solutions which contain significant amounts of silver would be
plumbed to a single pipe. Two cartridges would be used to allow for
high capacity while maintaining a high recovery rate.

Option 3 - Silver Recovery/Electrowinning - An electrowinning unit
passes a direct current through a concentrated silver solution from
anode to cathode causing the silver to plate out onto the cathode
in nearly pure metallic form. A wide range of equipment is
commercially available for electrowinning. Using manufacturer's
literature as a basis, it is expected that up to two batches (4
gallons each) can be treated each day. During the average batch,
1.13 troy oz. of silver would be recovered within 4.5 hours.

Option 4 - Silver Recovery - This option is based on using the
electrowinning device in Option 3, with metal replacement cartridges
used to polish the effluent. The average effluent will be
desilvered from 500 mg/1 to approximately 10 mg/1, using only one
cartridge.

Option 5 - Bleach Fix Recovery - The recommended method for bleach
fix recovery is desilvering with two metal replacement cartridges.
This requires three steps: 1) silver recovery, 2) restoring
bleaching ability by aerating ferrous-EDTA complex to oxidize back
to ferric-EDTA, and 3) replenishment of chemicals lost through
carry-over with the film or paper. Approximately 75% of the
recovered bleach fix solution can be reused while 25% should be
discarded to prevent contaminant build-up.

Total capital investment, net operating cost, and payback period for each
option are shown in Table 2. The owner of the lab has received a copy of the
final assessment report and is taking the recommended options under advisement.
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TABLE 2. SUMMARY OF MINI-PHOTO LAB WASTE MINIMIZATION OPTIONS

WASTE MINIMIZATION OPTION

Wash Water Control

Silver Recovery Using
Metal Replacement Cartridges

Silver Recovery Using
Electrowinning

Silver Recovery Using
Electrowinning with MRC
Tai1i ng

Recycle of Bleach Fix and
Silver Using MRCs

TOTAL CAP.
INVESTMENT, $

$

1

3.

3,

1,

675

,071

,510

,667

,571

NET OP. COST
SAVINGS, $/YR

51,436

1,325

1,414

1,757

2,508

PAYBACK
PERIOD. YR

0.47

0.81

2.48

2.08

0.63
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Truck Manufacturer

This truck manufacturing facility produces 34 trucks (tractor-trailer) per
day. The production processes are primarily assembly and painting. The current
quantities of generated wastes and the associated disposal costs for the first
three quarters of 1989 are given below:

Waste Paint
Pretreatment Sludge
Undercoating
Degreasing Solvent (Chlorinated)
Used Oil
Paint Sludge
Housekeeping

Amount
(lb)

184,860
71,020
3,375
13,060
28,275

474,960
3,800

Cost of
Disposal

$12,957
$ 9,134
$ 2,560
$ 5,431
$ 105
$15,132
$ 1,428

The above figures represent a sharp decrease from recent years. The
facility has instituted a number of waste minimization measures and cost
reduction methods related to good waste management practices.

A site visit was conducted in January 1990 to begin the assessment.
Although this facility has made major strides in waste minimization, the
assessment team feels there are additional opportunities which may have
significant impact. The following are targeted areas which will be investigated
further throughout the assessment and feasibility phases.

Spray Painting - Air-assisted airless spray equipment is used for most
spray painting. This method is a distinct improvement over conventional
compressed air spray painting, however, alternatives exist which may
improve transfer efficiency. Increasing the transfer efficiency reduces
the volume of paint used and reduces volatile organic carbon (VOC)
emissions.

Phosphating - An automated phosphating (conversion coating) process and
electro-coat (E-coat) is used for small and medium-sized parts. This line
consists of several processing and rinsing steps. The rinse water is piped
to a chemical treatment plant where it is combined with paint booth
wastewater. The resultant sludge is disposed as a hazardous waste.

It may be possible to avoid waste treatment of the phosphating rinse water
by using an ion exchange recycle system, thereby also reducing water usage.
Furthermore, the current wastewater treatment process, which uses large
amounts of ferric chloride, may be altered, resulting in reduced sludge
generation.

Degreasing of Rail Frames - The rail frame, or chassis, is degreased prior
to spray painting using a chlorinated solvent (90% 1,1,1,-
trichloroethane/10% methylene chloride). The spent solvent is distilled
(350-400 gallons per day) and reused. Waste minimization options may
include chemical substitution, procedural changes, or improvements to the
recycle process.
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NEW JERSEY ASSESSMENTS

A pilot project with the New Jersey Department of Environmental Protection
(NJDEP), entitled "Assessment of Reduction and Recycling Opportunities for
Hazardous Waste (ARROW)," will allow the State to evaluate waste minimization
techniques and conduct assessments at approximately thirty facilities within New
Jersey. The objective of the site selection is to cover ten industries (three
sites in each) to develop industry-specific information through the assessment
activities.

Through a subcontract with NJDEP, the New Jersey Institute of Technology
(NJIT) is locating sites and performing the assessments by following the EPA-
recommended procedure outlined in the EPA manual. Participation in the program
by facilities is on a voluntary basis. To date, response to the program has been
enthusiastic and 14 companies are lined up for assessment work. Five site visits
have been completed and the assessment reports are being prepared. Brief
descriptions of two of the companies visited and potential waste minimization
options follow below.

Nuclear Power Generation Facility

Interestingly, the bulk of the wastes from this electrical power generation
facility is from construction and maintenance activities when power generation
is shut down. Three major sources of waste streams were identified by the
assessment team: operations, maintenance, and site services. After analysis of
costs and waste generation quantities, the assessment team targeted opportunities
for reduction in the levels of off-spec materials and containers of partially
used materials which go to waste treatment and disposal. Several waste reduction
options were identified, such as improved project estimation and planning of
material procurement, dispensing, and stocking; incentives to contractors for
waste reduction; and improved security to protect against wastes imported to the
site.

Graphic Controls

This facil ity manufactures pens and markers for automatic recording devices
and inks for use in these devices. The waste generation data indicate that the
operation for ink formulation and preparation contribute the bulk of the
hazardous waste generation. Some options leading to reduced waste generation
include reduction in quantities of rinse water used in the cleaning of equipment;
improved scheduling of colors and types of batches of inks to reduce cleaning
between batches; increased use of mechanical cleaning of tanks to supplement
water cleaning; and changes in ink preparation procedure such as the utilization
of a large ink base which could oe tinted to the appropriate color in smaller
batches as the need arose using small amounts of tinting color.

NJIT continues to work with facilities who show a strong interest in waste
minimization and have volunteered to participate in the ARROW program. This
effort will continue through August 1991.
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TECHNICAL ASSISTANCE CENTERS

In 1988, a pilot project to assist small and medium-si zed manufacturers
in initiating hazardous waste minimization programs was begun through a
cooperative agreement with the University City Science Center (UCSC) in
Philadelphia, Pennsylvania. The need for these centers is based on the recurring
problem, as stated previously, that for many smaller industrial facilities there
is a lack of in-house expertise or resources required to start a waste
minimization program. However, a small amount of technical assistance in the
form of an initial waste minimization assessment can lay the foundation for a
permanent program. The pilot project provides such assessments at no out-of-
pocket expense to the client manufacturer. Waste Minimization Assessment Centers
(WMAC's) were established at the University of Tennessee in Knoxville and at
Colorado State University in Fort Collins during the first year of the project.
A third WMAC was instituted at the University of Louisville in Kentucky in 1989.

Two examples of completed assessments involve an automobile bumper
refinishing plant and a paint and coatings manufacturer. These facilities are
described below.

Facility A - Automobile Bumper Refinishinq

Refinished automobile bumpers (steel, aluminum, and plastic) are the chief
products of this plant, which operates for 52 weeks per year and spends almost
$15,000 per year to treat and dispose of its wastes. Those costs would be
considerably higher if this plant, which was built only 3-4 years ago, had not
incorporated certain features to aid in hazardous waste management into its basic
design. The WMAC team therefore faced a more difficult challenge in further
reducing hazardous waste emissions. For example, the design of this plant had
eliminated direct drains from production areas to the sewer, had surrounded
certain chemical tanks with dikes so that any spillage or overflow would be
channeled to a central sump pump, and had taken other precautions to reduce
migration from spillage, such as locating tanks below ground level.

In general, raw materials (used bumpers) follow one of three possible paths
in this plant:

Steel bumpers are straightened and cleaned before being plated with nickel
and chromium.

Aluminum bumpers are straightened and cleaned before being re-anodized
(off-site).

Urethane bumpers (plastic) are treated to remove paint before being
repaired and repainted.

The direct focus of the WMAC team was on the first two because they account for
the bulk of the production and virtually all of the hazardous waste generated
at this plant. For metal bumpers, the production level averaged almost 16,000
per year, and about 80% of that was steel.
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Steel Bumper Refinishing

After being straightened, the steel bumpers are prepared for refinishing
by soaking in hydrochloric acid to remove old plating and then rinsed before
immersion in meta] cleaning solution (caustic and sodium silicate), polishing,
and grinding. Then the bumpers are put through the plating line, where they are
successively soaked in a dilute cleaning solution and a sodium fluoride acid soap
solution with intermediate rinses, before being electrolytically replated with
nickel first and then with chromium. A drag-out tank reduces liquid carryover
from plating, and deionized water is used for multi-stage countercurrent rinsing.

This sequence of operations includes several steps already adopted by the
plant to reduce the quantity of waste generated, such as:

Air agitation to assure good circulation in the rinse tanks and to lower
the volume needed.

Oeionized water for making process solutions and for rinsing, because
otherwise the calcium and magnesium in the water supply would add to the
amount of sludge formed.

Less toxic trivalent chromium in the plating solution to lessen the
concentration (weight of chromium per unit volume) and reduce treatment
costs.

Drag-out tanks to capture most of the solution carried out of the plating
tanks before it reaches the rinse. When metal concentration in the drag-
out increases over a period of time, the solution is recycled to the
plating tank (for chromium) or sent to a holding tank (for nickel), where
it is heated to decrease its volume by evaporation.

Multi-stage countercurrent rinsing (rather than a continuous flow) so that
the bumpers are first placed in the most contaminated stage and then the
cleanest stage last.

Continuous filtration of the chromium and nickel plating solutions to
remove solid contaminants and allow the filtrate to be returned to the
plating tanks.

Periodically the cleaning solutions and the rinse tanks are dumped into
a sump and transferred to a storage and evaporation tank. The metals are
flocculated by adding sodium bicarbonate, and the resulting sludge settles to
the bottom. The remaining liquid, after pH adjustment, has been hauled offsite
for disposal while the sludge, with mixed metals, has been sent to a hazardous
waste 1andfil1.

Aluminum Bumper Refinishing

The potential for hazardous waste to be derived from aluminum bumper
refinishing at this plant is considerably less than it is for steel. First, the
amount of aluminum bumpers among the plant's raw materials is only about one-
fourth of the quantity of steel ones. Second, only part of the overall
refinishing occurs at this plant, and the operations which are carried out have
generated less hazardous waste than refinishing steel.
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To remove the anodized coating on the bumpers brought into the plant, they
are first soaked in a tank of heated alkaline de-ruster. After rinsing with tap
water, the aluminum bumpers are immersed in a de-smut tank and then rinsed again
with tap water. Aluminum bumpers are then re-anodized at another location.

Spent solutions and rinse water containing suspended solids are accumulated
in a sump, from which they are pumped periodically to a storage and evaporation
tank.

Three recommended waste minimization opportunities (WMO's) will, if
implemented, save about half the current hazardous waste management costs at this
plant. They are summarized in Table 3 with emissions reduction, savings and
costs.
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TABLE 3. SUMMARY OF WASTE MINIMIZATION OPTIONS - FACILITY A

Present Practice Proposed Action Cost Savings

Rinse water and other liquid
streams are collected and
treated with sodium bicarbonate
to precipitate most of metals
as sludge. Resulting liquid
has nickel content less than
50 mg/1 and chromium content
below 5 mg/1. POTW requires
less than 2.52 mg/1 of nickel
and less than 2.77 mg/1 of
chromium.
Volume = 84,600 gal/yr.

Use additional filtration and
existing deionization systems
to reduce chromium and nickel
levels to acceptable limits
and to assure quality of water
for recycle to plant. Add small
additional solid collected to
hazardous waste going to
landfill for disposal.

Est. waste reduction = 84,600 gal/yr
Est. cost reduction = $3910/yr
Incre. operating cost = $258/yr
Incre. cost of solid waste = $27/yr
Net cost saving = $3625/yr

Simple payback = about 15 mo.

Sludge from precipitation of
metals is combined with residue
from filtration of plating
solutions and sent to hazardous
waste landfill.
Weight = 5500 lb/yr

Dewater the sludge by heating
it. Continuous dewatering is
possible by loading the sludge
into a hopper and feeding it by
an auger to a burner tube fueled
by natural gas or LPG. The
weight of hazardous waste sent
to the landfill will be reduced.

Est. waste reduction = 3874 lb/yr
Est. cost reduction = $2964/yr
Incre. operating cost = $50/yr
Net cost saving = $2914/yr
Est. implementation cost = $10,000
Simple payback = 3.4 year

Tap water is used freely to
rinse aluminum bumpers after
they are stripped of anodized
coating. This rinse is
combined with other liquids
and the total is sent for
landfill disposal.

Constrict the flow of tap
water from 6 to 3 gal/min.
If a higher pressure water
stream is needed, substitute
a wand spray gun. Then a
booster pump will be needed,
but the flow can be reduced
to about 0.6 gal/min.

Est. waste reduction = 8246 gal/yr
Est. cost reduction = $1039/yr
(based on cost to haul liquids
to landfill)

Est. implementation cost = under $10
Simple payback less than 1 month
Cost of Booster pump (1/2 hp) = $300
Cost reduction = $1860/yr
Est. operating cost = $60/yr
Simple payback = 2 months



Facility B - Paints and Coatings Production

This plant produces paints, coatings, stains, and surface-treating products
at an overall rate of about 1.1 million gallons per year for regional
distribution on a schedule of 2080 hours per year for 52 weeks. Its operations
primarily involve blending and mixing of raw materials, followed by product
testing and packaging and by cleaning of vessels and lines. Color separation
in the product is obviously important, and each lot must meet a variety of other
customer specifications.

Individual lots of water-based and solvent-based paints are mixed in tanks
from 200 to 1,000 gallons capacity. Ingredients for this initial step include
(for water-based) water, latex, resins, extenders, and dispersed pigments. For
solvent-based paints the materials are generally similar in type, but obviously
solvent replaces water and latex, and the other new ingredients include
plasticizers, tints, and thinners.

After batches are made up they are transferred to so-called let-down tanks,
where additional water (or sol vent),'resins, preservatives, anti-foaming agents,
thinners, and bactericides are added. Testing of batches encompasses at least
color, viscosity, and gloss, and those lots which meet specifications are
filtered and charged to cans for labeling, packaging, and shipping.

Hazardous Waste Generation

The principal waste streams are the result of equipment cleaning,
especially from water-based paints. For example, rinsing the let-down tanks
ordinarily requires 35 gallons of rinse water, but that value increases to 53
gallons if light paint is to be blended after a dark predecessor. The hazardous
nature of water rinses is due to mercury from the bactericide in the paint.

In some instances, rinse water from the mixing tanks is held in 500-gallon
tanks and used in the let-down tanks (instead of fresh water) to formulate future
batches of water-based paint. The rinses are separated according to the color
intensity of paint in the tanks from which they were derived. For example,
rinses from white paint formulation amount to about 70% of the total and they
are invariably used again.

Waste rinses not used again are piped to holding and flocculation tanks.
Alum is added to lower the pH and some solid is precipitated by adding
flocculent. From this, supernatant liquid is removed for re-use in other paint
formulations.

Tanks used for solvent-based paints are rinsed with mineral spirits at a
rate of about 5 gallons/400-gallon tank. These washings are sent off-site for
recovery, followed by recycling or sale as fuel.

In addition to re-use of rinse water and recovery of solvent, this plant
has adopted the following measures to reduce waste generation:

Cleaning equipment before paint dries and hardens.

Eliminating hazardous materials, except for mercury in the bactericide
added to outdoor water-based paint.
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• Avoiding hazardous container waste by purchasing the bactericide in water-
soluble bags which dissolve during paint formulation.

Scheduling batch formulations so that light ones precede dark ones and
thereby reduce the total volume of rinses.

Reducing the inventory of raw materials to avoid degradation and spoilage
and to assure high-quality product that can be sold, rather than low-
quality paint which adds to the burden of waste disposal.

Using bag filters to collect dust.

Summary of Recommended Waste Minimization

Table 4 offers a brief description of each recommendation and of current
plant practice, together with savings and cost data. Together, the three WMO's
recommended could save over $22,000 per year, which represents about 25% of
current waste management costs. Each simple payback time is less than one year.

CONCLUSION

This paper describes several waste minimization success stories arising
from the EPA's pollution prevention research program in Cincinnati, Ohio. The
programmatic approach has been to go to other Federal agencies and industry to
determine the manual's implementation and to transfer technical pollution
prevention impacts throughout these communities, especially to small and medium-
sized businesses which may not otherwise have the resources to pursue pollution
prevention initiatives on their own. Furthermore, it is clear that EPA's program
has focused on practical approaches to already existing processes and facilities.

EPA's assessment program will continue to aid in the establishment of a
knowledge pool of individuals technically-oriented to pollution prevention. The
assessment process is becoming an integral part of business management practices,
much as safety concerns have become routine. Beyond these assessments, the
Agency's pollution prevention research programs must turn to identifying clean
practices, clean products and processes. With the cooperation of representatives
from the Federal and private sectors, EPA anticipates broad potential for
research in alternative technologies and products that lower risks to the
environment. Each waste minimization opportunity assessment brings together the
science and management required to reduce the generation of wastes.
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TABLE 4. SUMMARY OF WASTE MINIMIZATION OPTIONS - FACILITY B

PRESENT PRACTICE PROPOSED ACTION COST SAVINGS

Water rinses remove paint
from tanks and pipes

Install a pipe-cleaning system
consisting of 3 different-sized
foam plugs or "pigs" to be sent
throughout the pipes by compressed air.
Paint is thus forced from the lines
and to the canning line filter. The
use of water and amount of waste are
lower. (This WMO is applicable to
non-white paints.)

Est. waste reduction = 1,780 gal/yr
Est. cost reduction = $ll,110/yr
Est. implementation cost = $1,600
Simple payback = 2 months

About 15 gal solvent per
batch of paint is drummed
and sent off-site for
disposal.

Use a solvent recovery system based
upon distillation and ship the small
amount of remaining solid to a
hazardous waste disposal site.

Est. waste reduction = 3,300 gal/yr
Est. cost reduction = $5,42O/yr
Est. implementation cost = $4,950
Simple payback = 11 months

A bactericide containing
mercury is being used in
water-based paints.

Eliminate the bactericide from
water-based interior paints and
substitute an organic material.
(This WMO is applicable to
non-white paints.) There is no cost
difference between these additives.

Est. waste reduction = $3,100 gal/yr
Est. cost reduction = $5,580/yr
Est. implementation cost = none
Simple payback = immediate
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BIOPROCESSING OF LOW-LEVEL RADIOACTIVE AND MIXED HAZARDOUS WASTES

D. L. Stoner, Biotechnology and Geosciences Unit, E.G.&G Idaho, Inc., Idaho
National Engineering Laboratory, P. 0. Box 1625, Idaho Falls, ID 83415-2203

ABSTRACT

Biologically-based treatment technologies are currently being developed at
the Idaho National Engineering Laboratory (INEL) to aid in volume reduction
and/or reclassification of low-level radioactive and mixed hazardous wastes
prior to processing for disposal. The approaches taken to treat low-level
radioactive and mixed wastes will reflect the physical (e.g., liquid, solid,
slurry) and chemical (inorganic and/or organic) nature of the waste material
being processed. Bioprocessing utilizes the diverse metabolic and
biochemical characteristics of microorganisms. For example, complexation or
flocculation to concentrate and separate radioisotopes may be used to treat
aqueous radioactive waste. The application of bioadsorption and
bioflocculation to reduce the volume of low-level radioactive waste are
strategies comparable to the use of ion-exchange resins and coagulants that
are currently used in waste reduction processes. Mixed hazardous waste
would require organic as well as radionuclide treatment processes.
Biodegradation of organic wastes or bioemulsification could be used in
conjunction with radioisotope bioadsorption methods to treat mixed hazardous
radioactive wastes. The degradation of the organic constituents of mixed
wastes can be considered an alternative to incineration, while the use of
bioemulsification may simply be used as a means to separate inorganic and
organics to enable reclassification of wastes.

The proposed technology base for the biological treatment of low-level
radioactive and mixed hazardous waste has been established. Biodegradation
of a variety of organic compounds that are typically found in mixed
hazardous wastes (e.g., toluene, xylene, petroleum-based lubricants and
chlorinated solvents) has been demonstrated, degradative pathways determined
and the nutritional requirements of the microorganisms are understood.
Accumulation, adsorption and concentration of heavy and transition metal
species and transuranics by microorganisms is widely recognized. Both the
passive and active accumulation processes are understood. Work at the INEL
focuses on the application of demonstrated microbial transformations to
process development.

I. INTRODUCTION

It is the purpose of this paper to describe the microbial transformations

that may be useful for the development of biologically-based technologies in

order to treat low-level and mixed radioactive wastes. Biological

transformations can accomplish many of the goals of physical or chemical

treatments and thus may be used as an alternative to or in support of

existing waste treatment processes. The potential use of microbially-based

systems will be evaluated not only on what can be accomplished but also the
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efficiency and cost effectiveness of the process as well as its ability to

satisfy local, state and federal regulations.

II. PHYSIOLOGICAL BASIS OF BIOPROCESSING

The diverse metabolic and physiological characteristic of microorganisms in

addition to their ability to thrive in a wide range of environments may be

exploited for the purposes of waste remediation and volume reduction. While

some bacteria are able to modify a wide variety of organics and/or

inorganics, others are quite restricted in their abilities. Microorganisms

utilize these transformations in order to satisfy the nutritional and energy

requirements for growth. Not only do microorganisms vary with respect to

the types of chemical transformations they mediate, microorganisms vary

with respect to the type of environment in which they are able to inhabit.

Some bacteria are restricted to growth in environments typified by neutral

pH, moderate temperatures etc., while others are capable of thriving in what

appear to be rather extreme environments such as high temperatures and

pressures, high salinities and alkalinities.

Microbial transformations applicable to waste treatment are those reactions

which microorganisms mediate to: 1) satisfy nutritional requirements; 2)

satisfy energy requirements; 3) detoxify their immediate environment; or 4)

are the indirect or unexpected result of metabolic processes or the physical

or chemical characteristics of the microbial cell. Microorganisms must meet

their nutritional and energy requirements for cell growth and maintenance.

Nutritional requirements are those elements that are assimilated into cell

biomass or serve as co-factors or reaction centers in some enzymes. Carbon,

oxygen, hydrogen, nitrogen, sulfur and phosphorous constitute approximately

95% of the dry weight of the cell and for the majority of microorganisms,

these constituents are usually utilized in the organic form. Inorganic

sources of nitrogen, phosphorous and sulfur can be utilized by most bacteria

as well. Carbon dioxide has been shown to be the carbon source for some

microorganisms, however those microorganisms which utilize organic carbon

can be exploited for the biodegradation of organic compounds found in mixed

wastes.
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The oxidation and reduction of inorganic ions for the purposes of acquiring

energy and reducing power may be useful for the development of waste

treatment processes. Changing the oxidation state of an element may change

its solubility in aqueous solution. For instance, manganese oxide formation

by bacteria will result in the precipitation of this manganese form in

water. Anaerobically respiring bacteria may be useful for a variety of

purposes. For instance, sulfate reducing bacteria produce sulfide which can

result in the formation of insoluble metal sulfides and nitrate reducing

bacteria can reduce nitrate to gaseous dinitrogen.

Some microbially mediated transformations which are thought to be

detoxification mechanisms may be applicable to radioactive waste treatment.

For instance, the formation of organometals such as methyl mercury (Pan-Hou

and Imura, 1982; Compeau and Bartha, 1984) would allow the removal of

mercury through solvent extraction or volatilization. Similar

transformations that may be applicable to the radioisotopes that are

typically found in low-level radioactive wastes have not been investigated.

Transformation which happen as an indirect result of metabolic processes or

the presence of microorganisms can be exploited for bioprocessing of

radioactive wastes. Excreted metabolic acids can act as chelators and

mobilize metals in a solid matrix. Likewise, microbially induced changes in

pH and Eh can influence the solubility of heavy metals and radioisotopes.

Reductive dehalogenation of chlorinated solvents by biogenically produced

sulfide is the indirect result of microbial respiration by sulfate reducing

bacteria. Adsorption of heavy metals and radioisotopes by microorganisms is

often due to the presence of ionically charged polymers such as

polysaccharides on cell surfaces.

III. LOW-LEVEL RADIOACTIVE WASTE BIOPROCESSING

Bioconcentration

Bioconcentration can be used as an alternative to ion-exchange resins,

coagulants or evaporation for volume reduction of low-level radioactive

wastes. Bioconcentration of radioisotopes and heavy metals can be

accomplished by passive processes such as adsorption and flocculation or
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active processes such as intracellular transport and accumulation.

Adsorption and flocculation which are cell surface associated phenomena are

usually due to non-specific binding of ionic species to extracellular

polymers such as polysaccharides or proteins. The advantages of using

bioflocculation and bioadsorption are the fact that live biomass is not

required and biomass can be regenerated and reused for multiple treatment

cycles. Active transport and intracellular accumulation is an energy

requiring process of live biomass. However, transport mechanisms are

usually enzyme mediated and for that reason can be rather specific

processes.

The use of flocculating microorganisms such as Zoogloea sp. would facilitate

the separation of radioisotopes and metals from the bulk stream through the

spontaneous settling of the metal-biomass complexes from the processed waste

stream. Some flocculating microorganisms can grow in an aggregated state,

while others will aggregate in response to changes in their environment,

such as the addition of metals. But in either case, the results of waste

treatment would be similar to the use of coagulants.

Accumulation, adsorption and concentration of heavy and transition metal

species and transuranides by microorganisms is widely recognized.

Americium-241 was biosorbed by bacteria and green algae (Geesey and Paine,

1977). Uranium is accumulated by bacteria (Nakajima and Sakaguchi, 1986),

yeast (Nakajima and Sakaguchi, 1986; Strandberg et al., 1981), fungi (Galun

et al., 1984; Tsezoz and Volesky, 1981) and biologically derived emulsifiers

(Zosim et al., 1983). On a dry weight basis, microbial biomass adsorbs

twice as much uranium as ion exchange resins or charcoal which are the

conventional adsorbents for radioactive waste processing (Schumate and

Strandberg, 1985). Neptunium-237 is accumulated by yeast, bacteria, fungi

and algae (Strandberg and Arnold, 1988). Following solubilization of

uranium from rocks by metabolic acids, the uptake and immobilization of

uranium into fungal biomass has been observed (Berthelin and Munier-Lamy

1983).

The formation of insoluble metal sulfides or hydroxides by direct or

indirect microbial transformations and the degradation of organochelators
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may also be an approach to the concentration of the inorganic constituents

of low-level and mixed radioactive wastes. Insoluble metal sulfides can be

formed with biogenically derived sulfides. However, some of the

constituents of radioactive wastes such as uranium do not form stable

sulfide complexes. The formation of insoluble metals hydroxides as well as

changes in the valence state (oxidation or r-eduction) can occur through

microbial activity. The solubility of inorganic constituents of radioactive

waste may also be influenced by changes in pH and Eh brought about by

microbial activity (Wildung and Garland, 1980).

Decontamination - solubilization

Biotransformations may be an approach to the decontamination of metallic

surfaces or the removal of radioisotopes from salt cakes or sludges. Some

bioleaching processes would be similar to the use of mineral acids and

abrasion for the decontamination of hardware. Leaching activities may be

accomplished directly through enzymatic action, or indirectly by a variety

of mechanisms. Changes in valence state by enzymatic oxidation or reduction

can affect solubility of the metal ion. Solubilization of metals may be

achieved by changes in the pH and/or Eh of the system that result from

microbial metabolic activity. Leaching or solubilization can also result

from the production of chelators or a reagent as well as the removal or

transformation of the immobilizing agent.

Solubilization of uranium from rocks by bacteria and fungi is accomplished

by the production of small molecular weight carboxylic and phenolic acids

produced by metabolic activities (Berthelin and Munier-Lamy 1983). Soil

fungal isolates produce metabolites which form complexes with plutonium

(Wildung et at., 1979). The bacterium Thiobacillus ferrooxidans solubilizes

uranium by the production of ferric ions which reacts with uraninite to form

uranyl ions. The activity of sulfate reducing bacteria in (Ba.RaJSO^

sludges derived from uranium mining operations can result in the reduction

the sulfate to sulfide with the simultaneous loss of barium and radium

(Fedorak et al., 1986). Similarly, the use of denitrifying nitrate reducing

bacteria may be an approach to the removal of radioisotopes from nitrate

containing salt cakes. The alkylation of heavy metals such as
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mercury, tin and selenium into volatile organometai (Compeau and Bartha,

1984; Francis et al., 1974; Pan-Hou and Imura, 1982) species could be useful

for the vapor phase extraction of these metals from a porous matrix such as

soils, sludges and cakes.

Transformations involved with microbially induced corrosion may be

applicable to the decontamination of metallic hardware. Decontamination may

be achieved by the microbial production of mineral or organic acids and

reactants which would leach metallic surfaces. The presence of sulfate

reducing bacteria has been associated with the acceleration of ferrous metal

corrosion through cathodic depolarization by removing adsorbed hydrogen from

cathodic surfaces or through the formation of ferrous sulfide.

IV. Mixed Radioactive Waste Bioprocessing

Treatment strategies that are being developed are dependent on the nature

and form of waste that is to be treated. Two approaches to the biological

treatment of mixed waste would be the degradation of the organic phase of

the waste or the separation of the inorganic from the organic phase which

would allow reclassification of the waste. With the appropriate bioreactor

design, the microbial degradation of organics would be effective in a range

of concentrations, e.g., 100 ppm to 100%. Separation of organics from the

inorganics using biologically derived emulsification coupled with

bioadsorption or bioflocculation to concentrate the radionuclides, heavy

metals etc. is similar to the use of synthetic emulsifiers and coagulants.

The complete conversion organics to carbon dioxide and water is termed

mineralization which is comparable to incineration. Typically organics

which are mineralized can serve as growth substrates for microorganisms.

Co-metabolism is the incomplete conversion of organic compounds and often

requires an addition/i growth substrate. With co-metabolism the organic is

often transformed to water soluble intermediates and in the case of toxic

chemicals co-metabolism may or may not result in detoxification.

The predominant organic phases in the mixed waste in storage at DOE

facilities are: petroleum based lubricating and machining fluids;
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chlorinated solvents such as trichloroethylene, tetrachloroethylene,

tetrachloromethane and methylene chloride; liquid scintillation cocktails

which contain xylene and toluene; and tributyl phosphate containing wastes.

All of these organics have been demonstrated to be degraded by

microorganisms. However, for a more cost effective bioprocess, growth on

these organics would be preferable.

The degradation of petroleum by microorganisms has been well established

(Atlas, 1981). Most of the information pertains to the biodegradation of

fuel oil spills (Atlas, 1981; Bossert et al., 1984; Wang and Bartha,

1990). However, this information is applicable to the development of a

bioprocess for the treatment of petroleum based mixed wastes. The lighter

fractions of the oil, which include the aliphatic and aromatics, are

typically mineralized first (Fedorak and Westlake, 1981). The heavy chain

aliphatics and multiple ring aromatics tend to be degraded later. The

degradation of petroleum is predominantly an aerobic process. There are

some reports of the anaerobic degradation of petroleum although rates would

tend to be slower than the aerobic degradation.

Chlorinated solvents tend to be co-metabolized by both aerobic and anaerobic

microorganisms. There are many reports of microorganisms mediating the

degradation of chlorinated solvents (Egli et al., 1988; Tsien et al.,

1989). Although many cultures mediate transformations of chlorinated

solvents to less chlorinated products, some studies have demonstrated

further degradation to non-chlorinated products (Freedman and Gossett, 1989;

Nelson et al., 1986). Perhaps a consortium of microorganisms may be able to

effectively degrade these chlorinated solvents to non-chlorinated products

which are eventually mineralized to carbon dioxide and water.

Tributylphosphate is a solvent used for fuel reprocessing at nuclear

facilities worldwide. Although the chemical, irradiation and thermal

degradation of TBP has been extensively examined, little work has been done

regarding the microbial degradation of this solvent. TBP is degraded by

river water (Kawai et al., 1986, Saeger et al., 1979), the bacterium,

Pseudomonas diminuta (Kawai et al., 1986) and municipal sewage sludge

(Demirjian et al., 1984).
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V. CONCLUSION

Bioprocessing is already being used in the commercial sector for waste

treatment in the food, pharmaceutical, chemical and mining industries as

well as for environmental remediation. The appropriate microorganisms are

available, the mechanisms of the transformations are known and there are

successful bioreactors in operation. In addition, there is the necessary

knowledge and expertise available to aid in the development of bioprocesses

for the treatment of low-level and mixed hazardous radioactive waste. With

particular attention to the fate of radioisotopes, the development of

appropriate bioprocesses for volume reduction and/or reclassification of

wastes should be readily achievable.

A developed bioprocess, as all treatment technologies, will have to be

assessed on its reliability, cost effectiveness, the permanency of the

treatment, the acceptance by the local community and the ability to satisfy

local, state and federal regulations.
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LOW-LEVEL RADIOACTIVE WASTE MINIMIZATION

FOR

HEALTH CARE INSTITUTIONS3

Gloria Williams
Idaho National Engineering Laboratory

EG&G Idaho, Inc.
Idaho Falls, Idaho 83415

OVERVIEW

In recent years medical waste has been the subject of considerable

public and governmental attention. This has been, in part, due to the media's

attraction to unfortunate instances of environmental pollution caused by

hazardous and medical wastes. While a considerable amount of information is

currently available on the treatment and disposal practices for hazardous

wastes, a shortfall of information exists on the subject of medical wastes.

Such wastes are generated by various health care institutions. Medical waste

is a wide and all encompassing term which refers to a variety of wastes. This

presentation will address medical low-level (LLW) radioactive waste; its

generation, recovery and handling. The development of generic waste

minimization models and greater use of alternative technologies are part of

the discussion.

MEDICAL WASTE TERMINOLOGY/DEFINITIONS

The definition of medical waste varies from state to state and can be

referred to as "biohazardous," "pathological," "biological," "biomedical" and

hazardous infectious." Despite the variety of definitions and multiplicity of

subcategories, there is agreement on one issue: a portion of the solid waste

a. Work supported by the U.S. Department of Energy under DOE Contract
No. DE-AC07-76ID01570.
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generated at medical institutions must be subject to treatment prior to

disposal. The waste requiring treatment is identified by a variety of means.

The remaining medical waste is noninfectious (not capable of disease

induction) and joins the solid waste stream for disposal at a landfill. An

issue that does create a lot of misunderstanding when addressing medical waste

is the relationship of medical waste and disease transmission. Infectious

diseases occur as a result of interaction between an infectious agent

(pathogen) and a susceptible host. Medical wastes are such a source of

pathogens. In order for infection or disease to occur, certain factors must

be present forming a chain constituting the process of disease/infection

transmission. A break in any one of the links will inhibit the transmission

of infection/disease. Refer to Figure 1. This should clarify the medical

waste issue of disease transmission. Medical wastes are generated by

hospitals, medical research institutions, and clinics. LLW can be generated

at these institutions, but is regulated by the Nuclear Regulatory Commission

(NRC), the Department of Transportation, the State Department of Health and

the Environmental Protection Agency. It is not regulated as RCRA waste.

SOURCES OF RADIOACTIVE MEDICAL WASTES

Radioactive materials are used in therapy, diagnosis, and as nuclear

Pharmaceuticals. The form of the source material varies from vials and

ribbons to beads. The waste streams generated can best be characterized by

their origins, and are generally dictated by the procedure that produce them.

Typical waste forms found in biomedical research and the medical waste streams

are: liquid scintillation vials (to be discussed later in this presentation),

dry solids, liquids, and biologicals and are briefly addressed in this portion

of the discussion. See Figure 2.

The biomedical research waste stream objectives are to investigate the

behavior, structure and kinetics of biochemicals and biological systems. In

many of these studies, radionuclides are used in small quantities (mCi/uCi) of

elements such as carbon, hydrogen, sulfur, phosphorous, or elements that are

easily bound to biologically important compounds. The research stream can
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HOW DOES INFECTION OCCUR?

Five Factors The Disease Chain

Presence

Virulence

Sufficient dose

Portal of entry

Susceptible host

Sufficient quantity

Favorable environment

Mode of escape

Infectious transmission

Infectious entry

Susceptible host

Figure 1,
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TYPICAL WASTE FORMS FOUND IN BIOMEDICAL AND MEDICAL INSTITUTIONS

• Liquid Scintillation Vials

• Dry Sol ids

• Liquids

• Biologicals

Liquid Scintillation Vials

• Subtypes of organic liquid and/or dry solid institutional waste which
require special consideration

Dry Solids

• Various articles (urinals, catheters) used in patient care

• Miscellaneous laboratory apparatus such as glass, tubing

• Contaminated instruments and tools

• Protective clothing, lab bench paper, and packaging materials

Liquids

• Most liquids associated with clinical use of radionuciides

• Washings from contaminated labware and other reusable articles in both
medical and research facilities

• Culture media, dialysis fluid, buffers and some reagents

Biologicals

• Animal carcasses / parts / tissue / bedding / excreta

• Other patient wastes

• Wastes from surgery, autopsy, micro-organisms such as bacteria

Figure 2.
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however, include any radionuclide in any amount and in any chemical compound.

The waste associated with research can be any of those listed above. Chemical

and pathogenic, as well as radioactive hazards can be components of the

research waste stream.

The medical waste stream objectives of diagnostic studies are to

investigate organ systems' functions and forms through measurements of uptake,

dilution and excretion and object imaging and localization. This is

accomplished by tracing the distribution or clearance of radiolabeled

compounds in the body in vivo. The radionuclides used in diagnostic studies

are characteristically short-lived gamma emitters of moderate energy (e.g.,

Technetium 99). The wastes associated with these uses are typically dry

solids, syringes, vials absorbent pads and some liquids used for injection

solutions. Pathogenic, as well as radioactive hazards can be components of

the diagnostic waste stream. The clinical therapeutic waste stream, a part of

the medical waste stream, objective is to deliver radiation to specific areas

of the body, or "targets," to destroy diseased tissue. The introduction of

radioactive material into the body usually involves relatively short-lived

radionuclides such as Iodine 125 or Phosphorous 32. The wastes associated

with these uses can include all those listed for diagnostic studies. The

clinical laboratory waste stream objective is to measure the presence of very

small amounts of various compounds (e.g. steroids, hormones) quantitatively in

sample body fluids/tissue. The radionuclides used in clinical assays are

usually medium to short-lived, low energy beta or gamma emitters (Iron 59 or

Iodine 125). Typically wastes that result from clinical assays are test

tubes, pipettes, absorbent paper and liquids. Infectious, and chemical, as

well as radioactive hazards can be components of the clinical lab waste

stream.

A SYSTEMATIC APPROACH FOR LLW MINIMIZATION FOR HEALTH CARE INSTITUTIONS

This part of the discussion addresses a generic and systematic approach

for medical waste minimization. All health care LLW generators need to

exercise control over the treatment and research methodologies to ensure
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improved generation, recovery and treatment. Figure 3 identifies the LLW

minimization techniques that would be most effective. Institutions will

continue to generate some LLW. Access to existing disposal sites is far more

restrictive and disposal is becoming very costly. Therefore, I believe this

approach is both necessary and important.

PERSONNEL

Dedicated Waste Minimization (WMIN) Personnel With Authority - the first

and most important action is for each medical institution to establish a

Radiation Management Board. The Board should include members from the Nuclear

Medicine Department, Pathology Department, Clinical Laboratory, Purchasing

Department, the Radiation Safety Officer, and Environmental Engineering. The

members of the Board will select membership dependent on type of health care

services provided. For example, there may not be a Clinical Laboratory

service.

The mission of the Board will be to institute a Radiation Management

Plan which would assess, implement policies, and monitor the handling of all

aspects of radioactive material entering the institution for patient care use.

One of the chief responsibilities of the Board members would include a

very early assessment of existing methods, testing, technologies, etc.,

currently in place which utilize radionuclides. Effort should be made to

delete outdated methodology, methods which result in nonspecific results, and

those which are rarely requested. This effort would also include some long

term planning and assessment of new methods to be provided in the near future

with a view to institute those which do not incorporate the use of

radionuclides.

WMIN Training Programs

Details for WMIN training programs would be included in the Radiation

Management Plan. Personnel training would consist of safe and proper

radionuclide material handling from point of receipt, storage, during the
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testing phase, use of protective clothing, and treatment and disposal of

wastes. The importance of integrating WMIN training in all areas of the work

place is essential.

The training program would also address area preparation techniques,

decontamination procedures, emergency handling procedures (spills,etc.),

labeling of equipment and materials, and waste handling procedures.

Limited Access to Radiological Areas

To reduce LLW generation of worker exposure, the Board should enforce a

policy that only personnel authorized to handle radioactive materials and

testing would have access to the areas where radioactive material are used or

stored. Personnel limitations should be in the form of an administration

control such as a badge or form to perform work.

MATERIALS

WMIN Requirements for Purchases and Contracts - Vendor requirements

should also be implemented by the Board. Volume reduction in the Purchasing

Dept. is essential. This could be facilitated by the use of an index of the

manufacturer/vender capabilities and matching the institutions requirements

for the use of radioisotopes (volumes, short dates, use of mini vials, etc.).

Policies should be in place for vendors to take back outdated test kits and

radionuclide materials, pickup disposable shipping containers. There are

vendors who will also offer a radioactive waste retrieval service. This may

be costly upfront, but would be a cost savings in the long run. Some vendors

use recyclable shipping containers so that the receptacles can be picked up

for reuse. Purchase control should include the purchase of material volume

based on anticipated need rather than price.

Material Substitution

This involves the replacement of any existing material with another

material or process that would serve an equal function and result in the
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generation of less waste volume. Reusable transport containers should be

provided where ever possible utilizing the smallest volumes of packaging

material. Glass and metal surfaces, and glass receptacles for laboratory

testing should be used. Permeable surfaces which are difficult to

decontaminate should be avoided.

More sensitive equipment should be selected for high detection and

efficiency thereby allowing the use of considerably less radioactive

material.

Isotope Substitution

There is limited potential for isotope substitution. In research

studies, alternatives are more abundant than in the area of clinical

procedures. Many procedures involving synthetic labeling of proteins and

nucleic acids can use 14.3d 32P or 87.4d 35S in place of 12.3y 3H and 5730y

14C. Substitutions however, may introduce potential exposure to other types

of radiation, e.g. a high energy gamma rather than a medium energy beta.

Exceptions to the use of shorter-lived radionuclides are procedures which

produce a significant percentage of their radioactive waste in the form of

liquid scintillation fluids or in animal carcasses. In these cases the use of

3H or 14C might be recommended since LLW in these forms can be discarded as

nonradioactive under certain conditions.

In the clinical laboratory, radioimmunoassays (RIA) sometimes can be

replaced with acceptable or superior alternative procedures. Enzymes can be

used in place of radiolabels to yield many varieties of enzyme-linked

immunoassays. Fluorescent labels can turn immunofluorescent techniques into

highly quantitative and sensitive fluorescence immunoassays. (Kaplan et al.,

1981; Voller et al., 1981; and Pal, 1978). Automated enzyme immunoassay

systems such as ELISA (enzyme linked immunosorbent assay) or EMIT (enzyme

multiplied immunoassay technique) offer acceptable clinical/research results

and possible cost savings. Although the use of RIA is somewhat hampered by

difficulties in full automation of procedures and by limitations on kit shelf-

life, imposed by the radiolabels, Schall and Tenoso (1981) state that no one
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label or method has shown itself to be so successful as to surmount the

shortcomings of radioassay. Nonradioactive labels, including enzymes,

fluorophores and chemiluminescent compounds may ultimately replace

radiolabels. Agglutination procedures using latex particles offer an

additional approach to RIA nonradioactive methods.

In the research laboratory, nonradioactive methods which may be

appropriate are:

• Nucleic acid hybridization techniques - Hapten-substituted

nucleotides that can be unincorporated into DNA or RNA probes are

commercially available. These probes can be detected using

enzyme-linked antibody to the hapten-substituted nucleotide. This

technique is useful in the detection of DNA and RNA in situ or

after immobilization on a membrane.

• Hiqh-pressure/high performance liquid chromatography - High-

pressure liquid chromatography (HLPC) methods which employ

ultraviolet detection systems are available. These optical

techniques analyze methylated purines from DNA hydorlysates using

HPLC and fluorescence detection in place of radioactive methods.

• Silver staining and kodavue - There are a number of nonradioactive

methods that can be used for certain bioassays in which 1251 or

51Cr have been used, respectively Detection methods for the

proteins in polyacrylamide gels (PAGE) include silver staining

(Merril et al., 1981) and the Kodavue Electrophoresis

Visualization Kit. These two methods will detect 5 to 25 mg of

protein in a band on PAGE. Utilization of these methods prevent

the modification of the protein such as might occur in labeling

conditions with 1251.

• Cytotoxic assays -This dye staining assay replaces the use of 51Cr

or other radiolabeled compounds normally used in cytotoxic assays.

This method makes use of a dye that can be read by a Flow Titertek
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Multiskan Plate Reader. The assay can use different dyes and
allows longer incubation times with more sensitivity than with
radiolabeled compounds.

• Magnetic resonance imaging (MRI/NMR) -This method has been used
for biomedical research tracer studies but is now widely used in
the nuclear medicine field. MRI is the clinical equivalent
technique which generates images through the use of radiowaves
that stimulate transitions between spin states of nuclei in a
magnetic field. By means of computer reconstruction, images can
be obtained from signals produced. NMR/MRI does not require the
use of radionuclides and is becoming a method used by most health
care institutes.

Nuclear medicine employs imaging called positron emission tomography
which utilizes compounds that are labeled with accelerator-produced short-
lived (half-lives are typically only a few minutes) positron-emitting
radionuclides. Special cameras designed to record the annihilation radiation
produced by positron emitting are used. Positron imaging is demonstrating
clinical utility in the early diagnosis of Alzheimer's disease, as well as in
epilepsy. It does have one major obstacle and that is the requirement for a
nearby nuclear particle accelerator (cyclotron). The current cost is
prohibitive. Isotope substitution in the area of nuclear medicine does have
limited potential as radionuclides have specificity for particular body
tissues. Diagnosis, treatment, and therapeutic monitoring must be conducted
in a timely, efficient and as accurately as possible.

Material Restriction in Radiological Areas

Only materials required for the actual testing should be in the area.
These includes glassware, protective clothing and the radionuclides required
for the analysis.
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Reusable, Hardy, Easily Decontaminated Materials

In all areas where testing and analysis using radionuclides, glassware

on other materials which can be easily decontaminated should be selected.

Glass, large volume (25 ml, 50 ml, etc) pipetters/dispensers can be selected

on basis of need and can be reused as needed. Use designated shoes instead of

disposable booties and reuse disposable lab coats until decontaminated or

damaged. Investigate various clothing materials for durability.

PROCESS

The first step in the establishment of a waste minimization program is

to identify each LLW generator within the institution. Each LLW generation

point, regardless of volume or technique, is required to register with the

Radiation Safety Officer. Some medical institutions do medical research, have

a nuclear medicine department, and have clinical laboratories, so institutions

may have several generation points. Most LLW generation is research related.

Thorough Process Characterization

Each LLW generator, after it registers with the Radiation Safety

Officer, should undergo a thorough process characterization. This process

should include all materials consumed, the volume, curie content and toxicity

of wastes produced.

Process Modifications

There is limited potential for process modification in the area of

research because research programs, once initiated and funded cannot be

altered without severe impact to research program intent and purpose. The

Board can institute policies for careful review, scrutiny, and approval for

all new research proposals. Analysis of the new programs waste stream should

be an integral part of this initial review. Proposals for new research

programs must demonstrate that alternative methods have been considered and

are not adequate or available.
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Process Controls

The board should request LLW generators to include waste minimization

strategies and waste stream projections. Board review would be able to assess

adequate and appropriate procedural steps from the information provided. This

could involve the elimination of unnecessary processes or process steps.

Cost/Benefit Analysis of the Process

The Board should institute a computerized direct billing to user groups

to eliminate hidden costs. This feedback will also include waste handling

records/costs. Information should be provided on a regular basis regarding

volumes, types, and costs, thus providing an incentive for each user to reduce

the amount of materials used and the amount of waste requiring treatment and

handling. The Board should institute stringent review and RSO control over

radionuclides ordered.

Waste Stream Segregation Within the Process

The most important step for the LLW generator is to avoid mixing

uncontaminated waste with radioactive waste, infectious and chemically

hazardous waste. Radioactive waste must be isolated at the point of origin.

Micro Techniques

Nuclear medicine departments and chemical laboratories are utilizing

micro techniques where possible. In the area of medical research, the use of

equivalent analytical results, with reduced sample size and lower waste volume

generation then the original procedure is highly recommended.

Periodic Process Audits

After a process characterization, audits should be used on a periodic

basis to monitor the success of each WMIN technique to promote newly

identified technologies.
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Measurement of WMIN Progress and Trends

The Board should provide waste minimization information to new and

current users and schedule periodic reviews of user minimization results.

Measurements should be used to establish a baseline waste generation rate to

quantify waste reduction. Documented measurements are essential to receive

credit for WMIN to effectively transfer techniques among generators.

MAINTENANCE

Strict Equipment Calibration and Maintenance Program

In the clinical laboratory, all equipment must be calibrated and

maintained according to manufacturer's recommendations. Quality control and

preventive maintenance programs are an essential part of routine operations.

Hospitals, in particular must comply with state and federal regulations in

these areas. Hospitals may not be eligible for Medicare/Medicade payments if

such programs are not instituted and implemented. The Joint Commission for

Accreditation of Hospitals may not grant licensure if such programs are not

part of the routine testing process. Nuclear medicine must also adhere to

manufacturer's recommendations for preventive maintenance, calibration and

quality control. The requirements for these activities are an essential part

of the routine testing and analysis methods.

DECONTAMINATION

Mechanical Decontamination

Several methods are available to decontaminate glassware for reuse or

disposal as nonradioactive waste. Commercially available freon systems are

designed to decontaminate surfaces such as glass and metals. It can also be

used to decontaminate articles that range from tools to protective clothing

(Capella, 1978; McVey et al., 1981). Commercially available decontamination

agents and laboratory glassware detergents can also be used. McElroy et al.,

(1982) report a 50% saving in disposal costs using a conventional laboratory
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dishwasher. Hildalgo et al. (1982) report that a 50% household bleach

solution is an effective decontamination agent for plastic beads and tubes

used in Iodine 125 radioligand assays. This technique can also be used for

other labware. Other decontamination processes currently being developed are:

ultrasonic cleaning, vibratory finishing, and electropolishing. Each

institution should evaluate the practicality of decontaminating its glassware

or recycling for disposal as nonradioactive waste. Costs must be considered

for personnel, equipment, decontamination agent, and disposal of resultant

wastes (usually small compared to the disposal of original materials as

radioactive waste).

Selective Removal of Surface Layer

Absorbent liners should be monitored and reused if not greatly

contaminated. Avoid automatic disposal if not needed.

WASTE HANDLING

Release Limits for Uncontaminated Materials

Effort should be made to handle all radionuclides and kit material under

the lab hoods. The amounts of material contained are usually so small that,

if spills do occur, they can usually be allowed to evaporate, thus there is

little opportunity for releases.

Waste Segregation After Generation

All LLW waste generated should be segregated at the point of origin.

The first step is to assure that radioactive waste is indeed radioactive. The

segregation of generated waste will isolate wastes that can be disposed of as

nonradioactive, without prior treatment.

Under certain conditions (10 CFR 20), disposal of scintillation fluids

and animal carcasses containing less than 0.05 microcuries of 3H or U C per
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gram are such wastes. All generators need to check with their RSO to verify

that certain exemptions are permitted by the institution's policies.

The use of LSV in the medical setting and also in medical research seems

to pose a major area of concern. It is a mixed waste issue and there seems to

be differences in opinion in how to adequately handle this problem. More

research and an indepth study needs to be conducted to resolve this problem.

Optimum Container Size, Shape, and Weight

It is essential that all waste be packaged in leakproof, adequately

labeled containers. Only amounts of waste appropriate to the size should be

packaged in each container. Avoid overpacking and excess bulk as all this can

contribute to added costs and possibly problems.

Storage for Decay

The treatment of radioactive waste is less extensive than is currently

practiced for other forms of medical waste. In the case of wastes with half-

lives less than 65 days, they may be stored in a secure area for 10 half-lives

or more. The waste may then be disposed along with the noninfectious,

nonradioactive medical wastes (solid waste) at a solid waste disposal

facility. Isotopes which are suitable for this form of treatment include:

Technetium 99

Gallium 67

Iodine 131

Thallium 204

6.

3.

8.

0

0

0

6

hr

days

days

days

ha l f - l i f e
half- l i fe
hal f- l i fe
half- l i fe

It is common practice for medical institutions to store isotopes with

half-lives of ?4 hr. or less for a 30 day period, far exceeding the required

storage time. It is not common for hospitals to store isotopes with half-

lives greater than eight days, since the resulting waste might require a

substantial storage facility. Storage for decay should be regarded during

isotopic substitution consideration.
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SUMMARY

Waste minimization is a new concept and process for the health care

facilities, but it needs to be institutionalized as one of the important

criteria by which the health care systems evaluate their future business

plans. Important decisions in process evaluation, services provided, new

equipment purchases, and facility design should all include potential waste

minimization techniques and opportunities.
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Introduction

The Nuclear Regulatory Commission's (NRC) policy statement on below
regulatory concern will have little impact on Texas. Texas has had a below regulatory
concern policy since 1987. The Conference of Radiation Control Program Directors
(Conference) developed a position paper on the NRC's policy which the Texas Radiation
Control Program supports. The Texas Radiation Control Program agrees that there is a
need for below regulatory concern rulemaking and supports the NRC effort in general.
Exemption of products and practices whose future regulation would yield little gain in risk
reduction is needed. In the area of naturally occurring radioactive materials, definition of a
lower limit is needed to prevent the regulation of background radiation. However, Texas
has reservations about exempting activities which would allow exposures up to 100 mrem
to an individual. An individual dose equivalent in the range of 1-10 mrem per year seems
more appropriate. This represents an associated risk of 10"? to 10~6 which most experts
hold to be of no concern.

In May 1987, the Texas Radiation Control Program implemented a rule which
allows the disposal of certain short-lived radioactive wastes without regard to radioactivity.
A radioactive material license amendment is required before a licensee can use this disposal
method. For example, a major medical institution saved $35,000 in disposal costs during
1989 using this disposal method. The institution was able to use alternative disposal
methods for 1600 ft3 of waste. The Texas Low-Level Radioactive Waste Disposal
Authority projects that by 1993 all the major generators of short-lived wastes in Texas will
be utilizing this rulemaking.

Below Regulatory Concern: The
Conference and Texas Position

The Conference represents, collectively, agencies which regulate most of the
radioactive material in the United States, excluding nuclear weapons production and nuclear
power plants. As such, the organization is constantly aware of the need for effective
regulation of not only radioactive materials but of all sources of radiation. Likewise,
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exemption of products and practices whose future regulation would yield little gain in risk
reduction is also needed from a regulatory standpoint. Definition of that cutoff is an
essential part of setting regulatory standards.

During the last several years, national and international radiation protection
authorities have realized the need for defining criteria for the exemption of certain radiation
sources and practices from regulatory control. For example, the International Atomic-
Energy Agency (IAEA) has developed Safety Series 89, "Principles for the Exemption of
Radiation Sources and Practices from Regulatory Control." The document recommends a
policy on exemptions from basic safety standards of notification, registration, and
licensing. The exceptions apply to such practices as disposal of certain low-level wastes
and the recycling of slightly contaminated materials from the nuclear industry. Likewise,
the International Council on Radiation Protection (ICRP) is developing a document on the
topic that underlines the IAEA's Safety Series 89 in basic criteria, that being:

1. Individual risks must be sufficiently low as not to warrant regulatory concern.
The individual dose criterion given is in the range of 10-100 microsieverts (1-10
millirem).

2. Radiation protection, including the cost of regulatory control, must be
optimized.

The ICRP document will address waste disposal only (not consumer products) and will
include methods for optimization assessment.

In October 1988 an international workshop was held in Washington, D.C., for the
purpose of discussing standards for exemption from regulatory control.' The international
nature of the meeting and some degree of international agreement were important due to
exportation of exempt products and salvage items.

At the national level, the NRC has introduced an Advance Notice of the
Development of a Commission Policy on Exceptions from Regulatory Control for Practices
Whose Public Health and Safety Impacts are Below Regulatory Concern 2 (BRC). In
determining a national policy for exemptions from regulatory control, the NRC has sought
input on four major issues: justification of practice; individual dose; collective dose; and
A LARA (as low as reasonable achievable). The NRC has recommended an individual dose
criterion of 10 mrem and an upper limit of 100 mrem.

The U.S. Environmental Protection Agency (EPA) is also drafting standards for
below regulatory concern. The individual dose criterion proposed by EPA is
approximately 4 mrem. Several states also have implemented or are promulgating
regulations using a BRC policy to exempt certain waste streams.

The Conference has found the development of national standards in this area to be
of great importance to the organization. If a national policy on exemptions from regulatory
control is to be effective, state and local radiation control programs will play an important
implementation role. The NRC intends that rules following the development of a BRC
policy for . xemptions will be a matter of compatibility for Agreement States. Additionally,
all radiation control programs could be potentially impacted by the application of the policy
to naturally occurring and accelerator produced materials (NARM). Therefore, the
Conference has developed a consensus position on "below regulatory concern" and intends
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to provide coordinated input during the development of the policy and subsequent
rulemaking.

In order to develop a consensus opinion of the Conference on exemptions from
regulatory control, a letter of comment on the NRC's proposed BRC policy was drafted
and approved by the Conference Executive Board. This letter, along with a copy of the
proposed NRC policy and a questionnaire on the topic, was sent to each full member of the
Conference.

The questionnaire contained requests for agreement or disagreement with the
Executive Board position on the concepts and criteria involved in establishment of a BRC
policy. Of the 58 questionnaires mailed to state and local radiation control programs, 35
responses were received.

The responses from the questionnaires were tabulated and positions were formed in
those areas in which results showed a clear consensus. A short compilation of the major
survey items covered and tabulated responses are shown in Table 1.

From the questionnaire results, a Conference BRC position paper was developed.
The position paper was approved by the Executive Board on May 20, 1989 and presented
for a vote of the full membership on May 21, 1989. The membership voted in favor of the
position.

TABLE 1

BRC QUESTIONNAIRE RESULTS

I. Respondents 35

II. Agreed with Board position on:
Policy establishment 34
Justification of practice 33
Individual dose 27
Collective dose 26
ALARA 33

III. Federal agencies need
consensus on criteria 35

********

The Conference and Texas support the establishment of a policy and rulemaking on
exempting from regulatory control those practices whose public health and safety impacts
are below regulatory concern. The development of a sound, risk-based policy should
establish a frame of reference below which further regulation is unnecessary. As a result,
regulatory agencies will be able to devote their time and resources, which often are limited,
to radiation problems of greater significance.
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The Conference and Texas support the concept of justification of practice for those
practices being considered for exemption from regulatory control. In order that
unnecessary exposures from frivolous uses of radioactive material can be prevented, a
practice, particularly one involving a consumer product, should be justified prior to
exemption. However, once a particular practice, such as a specific consumer product
containing a small quantity of an analyzed isotope or a specific waste disposal method, has
been justified, further justification of the same process on a case-by-case basis should not
be necessary unless it contains modifications which could alter radiation exposures to the
public.

In establishing an exemption policy, the Commission should exclude certain
practices for which there appear to be no justification. Examples of practices and products
which should not be considered for exemption are those that come into direct contact with
human beings, such as food, drugs, cosmetics, and toys, and products which are
considered frivolous and/or in which the radioactive portion serves no functional role, e.g.,
lightning rods and jewelry.

NRC's choice of 10 rnillirem (mrem) as an exemption criterion and a 100 mrem
limit for exempted activities does not appear to be consistent with the exposure limits from
licensed activities; e.g., the 25 mrem limit for fuel cycle facilities. Any exempted product
or practice should be based on the fact that associated individual risks are trivial. The use
of an individual dose criterion in the range of 4 - 5 mrem appears to be more appropriate in
light of risk estimates, possibility of exposure from combined exempted sources,
regulatory actions being taken with regard to licensed activities, and the recommendations
of the International Atomic Energy Agency (IAEA). The IAEA has recommended an
individual effective dose equivalent in the range of 10 - 100 microsieverts ( 1 -10 mrem)
per year, which represents an associated risk of 10'^ to 10"^, which most experts hold to
be of no concern.

If basic justification and dose criteria for a practice to be exempted are met, the
process by which these are achieved would, in effect, demonstrate that the doses are as low
as reasonably achievable (ALARA) without further cost-benefit analysis.

The EPA and NRC should coordinate development of an individual dose criterion.
We must have a general consensus among regulatory agencies on this issue.
Inconsistencies between levels established by federal agencies are difficult to justify to the
public and licensees. Additionally, the NRC should coordinate any ensuing rulemaking
efforts with other federal agencies, such as the Department of Transportation and the
Department of Energy.

As mentioned earlier, the Conference membership will continue to flow national
efforts in setting policy and standards for exemptions from regulatory control. The
Conference and Texas support the development of such a policy and subsequent
rulemaking which are based on sound principles of radiation protection. Such standards
can provide a balance between the small risk to the public and the costs to regulatory
agencies and licensees needed for their control. State and local radiation control programs
will play an important implementation role if a national policy for exempted practices is to
be effective.

232



Below Regulatory Concern Rulemaking In Texas:
Disposal of Short-Lived Wastes In Municipals Landfills

The Texas Low-Level Radioactive Waste Disposal Authority (Authority) was
created to site, develop, and operate a facility for the disposal of low-level radioactive waste
that is generated in Texas. As part of its responsibility for the safe disposal of low-level
waste, the Authority decided to investigate the use of permitted sanitary landfills for the
disposal of wastes containing only low concentrations of short-lived radionuclides.

The Authority contracted with Rogers and Associates Engineering Corporation to
perform a technical analysis-^ of this disposal method. The purpose of the technical
analysis was to perform the following tasks:

1. Conduct multipathway risk assessment using the same methodology that is
being used by the EPA for the technical support of their below regulatory
concern rulemaking.4

2. Obtain nuclide concentration and annual curie limits from the results of the risk
assessments by limiting the health impacts to guidelines values used in the
analysis.

3. Present any restrictions or conditions that emerged from the analysis.

4. Identify impacts and benefits for Texas.

5. Present an approach for implementing the disposal of short-lived wastes in
sanitary landfills.

In 1986, radioactive waste generators in Texas produced about 30,000 ft3 of low-
level waste. This was all institutional and industrial waste. The Authority estimates that
approximately 12,000 ft^ of this waste contains nuclides with half-lives less than 300 days.

A comprehensive list of nuclides found in the Texas waste stream with half-lives
between 1.6 hours and 300 days was compiled. All nuclides were included in the analysis.
However, only about 20 of these nuclides commonly appear in the Texas waste stream.

For conservatism in the analysis, no credit was given for waste form. The
contaminated materials were assumed to begin leaching from the sanitary landfill as soon as
they are emplaced. Any packaging was assumed to be destroyed in emplacement with
release of the contaminated materials as fine dust.

Characterization of reference sanitary landfills was required in order to perform the
analysis. The sanitary landfills were assumed to meet Texas municipal solid waste
management regulations for Type I municipal landfills which serve more than 5000
persons. In a Type I facility, all solid waste is compacted and covered at least daily with a
minimum of 6 inches of soil, and ultimately provided with at least 2 feet of final cover soil.
No disposal operations are to occur within 50 feet of the site boundary or 25 feet of any
pipeline, underground utility, or electrical transmission line easement. Operations are to be
conducted to minimize surface water entering open trenches or contaminated surface water
leaving the site boundary. The facility is designed to be protected from a 100-year flood.
It also must be designed not to contaminate the groundwater. A liner or natural foundation

233



soil must provide the equivalent protection of three feet of soil with a permeability of not
more than 1 x 10" ̂  cm/sec. Additional requirements include restricted access, no
scavenging, and other actions that ensure the protection of groundwater and the
containment of contaminants during operations and after closure.

The choice of reference sanitary landfills was important because the results of the
analysis should be reasonably conservative for the variety of disposal conditions in Texas.
Radioactive waste volumes and activities were compiled for all areas of Texas generating
appreciable amounts of waste. Data on Type I landfills serving these areas were also
gathered. Two reference sites were then selected for the analysis representing general
extremes of disposal conditions. One, the Houston metropolitan area, is representative of a
large metropolitan area with many generators of low-level radioactive waste. The second,
College Station, is characteristic of a small town with a relatively large low-level waste
stream.

The EPA methodology for estimating risks from the sanitary landfill disposal of
below regulatory concern wastes as contained in the PATHRAE and related models was
used for the multipathway risk analysis. Dose conversion factors from the EPA were also
used in the calculations. In addition, transportation accident scenarios were included in the
analysis. Initial scoping calculations were performed on all the pathways in the PATHRAE
code and on accident scenarios. After scoping calculations, the five pathways of major
consideration were:

1. External gamma from transportation of the waste.
2. External gamma to an on-site landfill worker.
3. Dust inhalation by an on-site landfill worker.
4. Groundwater migration to a nearby well.
5. Smoke inhalation from a truck accident with a fire.

The dose guideline used in the calculations was 1 mrem/year to the most exposed
individual. A dose guideline of 1 mrem/year was used because it is easy to scale the results
to other dose criteria, because it has been included as a de rninimis dose in the NRC's
proposed revisions to 10 CFR Part 20^, and because it is small compared to variations in
natural background radiation levels.

The most restrictive nuclide concentrations were derived by scaling the results of
the multipathway analyses. Annual curie limits for a landfill are related to the concentration
limits and were calculated by multiplying the most restrictive concentration limit by the
annual volume of waste received at the landfill. Potential external gamma doses to the
transportation worker or landfill worker constituted the limiting pathway, except for
nuclides which are not strong gamma emitters. Smoke inhalation from the truck accident
was the limiting pathway for them. The groundwater pathway was limiting only for Co-57
and Ce-144.

An estimate of the collective population health effects from transportation of the
short-lived nuclides was obtained using the concentration limits and the annual number of
truckloads of waste per year. The annual potential health effects for the metropolitan
population were about 0.002 percent of the health effects calculated from background
radiation to the same population using the same methodology. For the small town
population, the annual potential health effects amounted to about 0.008 percent of the health
effects from background radiation.
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A very conservative, but straightforward, proposal for implementing the
concentration limits is to apply them to each shipment of waste by every waste generator.
A conservative implementation of the annual disposal limits would be to restrict each waste
generator to an annual curie limit equal to one-tenth of the metropolitan landfill curie limits.
The choice of one-tenth of the metropolitan limits is justified by examining the number of
generators of short-lived waste in a typical metropolitan area. The five largest waste
generators account for over 93 percent of all short-lived waste shipped from the area.
Furthermore, the five next largest generators account for only 4 percent of all short-lived
waste generated in the area.

This methodology was applied to each individual nuclide, without consideration of
mixtures of nuclides in the waste. Therefore, the standard "sum rule" would need to be
applied to the concentrations and annual curie limits for wastes with mixtures of nuclides.
In July, 1986, this technical analysis was submitted to the Texas Bureau of Radiation
Control with a request for rulemaking.

In drafting the rule based on the technical report, the Bureau of Radiation Control
decided not to implement it as a blanket allowance similar to the biomedical waste rule for
carbon-14 and tritium. Instead, the rule would require prior approval of the licensee's
procedures and a specific license amendment to dispose of wastes in this manner.

The major reasons for the requirement of prior authorization were to keep track of
generators using the rule and to help ensure that longer-lived isotopes would not enter this
waste stream. The staff also wanted assurance that the licensee had the administrative and
technical capability to separate the waste, account for concentrations of the radionuclides,
and assure proper packaging and transport of the short-lived waste. The procedures
required to be submitted are for:

1) Physical delivery to the landfill, e.g., by normal waste carrier or by university/
hospital truck.

2) Compliance surveys to ensure that no other radioactive materials are included.

3) Packaging, including defacing labels and preventing loose waste from flying
out of the transportation vehicle.

4) Record keeping for administrative control of the material disposed, since curie
limits as well as concentrations have been included. In large, multi-user
facilities, compliance with the rule will rely heavily on the administrative control
of the licensee's radiation safety office.

The rule also limited this type of disposal to permitted Type I municipal solid waste
sites.

If waste also contains hazardous material, it must be disposed of in a hazardous
waste facility. Also, those wastes that are considered "special waste" by virtue of their
nonradiological characteristics, and therefore require special handling and disposal
techniques, remain so under the rule. For example, animal carcasses and infectious wastes
require burial in a specific area under solid waste regulations.

The rule was formally proposed with a notice in the Texas Register and mailed to
the Nuclear Regulatory Commission, licensees, and interested persons for comment. The
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NRC's Division of Waste Management reviewed the proposed rule. The NRC also used
their below regulatory concern computer code, IMPACTS-BRC^, to spot-check the
computational results presented in the technical analysis. Comments from NRC included:
lack of evaluation of the management and disposal of short-lived mixed wastes at a
hazardous waste facility; and conflict with Department of Transportation regulations for
interstate carriers.

A landfill operator commented that the waste should be manifested and approval of
the site operator should be required for acceptance of the waste. One comment was that the
situation of a fire at a landfill was not addressed in the technical analysis. Other comments
received were, for the most part, supportive in nature. The Sierra Club commented that all
below regulatory concern waste should be treated as special waste at the landfill, that is, the
waste should be separated from other routine waste and have immediate cover. They also
stated that all procedures for handling and transporting the wastes should be in the rule.

The comments were addressed in a formal Bureau of Radiation Control document
which was sent to all of those who made comments. The Bureau staff did not feel that
manifests were necessary, since records must be maintained by the generator for each
disposal and also manifesting could cause undue concern among transportation workers.
The staff response to the comment regarding additional handling and transporting
requirements was that the analysis was based on routine waste handling and additional
restrictions were unnecessary. Any further restrictions could best be addressed through a
regulatory guide. This would yield greater flexibility in procedures geared to a licensee's
individual situation.

The Authority also contracted with the University of Texas to peer review the
technical report and compare the results with the IMPACTS-BRC code. The results from
the two codes were found to be in general agreement.

As a consequence of the comments received and other considerations, Dr. Rogers
and the Authority performed additional analyses that took into account a refined
transportation scenario, incineration of nuclides at a landfill, and an accidental trench fire at
a landfill. The results showed that the incineration and trench fire scenarios were not
limiting pathways, but the revised transportation scenario did change the concentration
limits by up to a factor of plus or minus 4. These concentration limit changes were then
incorporated into the final version of the rule. The rule was adopted on May 8, 1987. The
rule, as it appears in the Texas Regulations for Control of Radiation, is included as an
Appendix to this paper.

A request for a license amendment to authorize use of this disposal method was
submitted to the Bureau of Radiation Control the day the rule was adopted. The licensee is
an academic research institution. Procedures proposed to implement this disposal method
included:

1. Delivery of the material to the landfill by a university-owned vehicle.

2. Solid waste generated in laboratories by the use of nuclides listed in the rule be
placed in separate packages (only after all labels are removed or obliterated).
Each disposal must be labeled, listing user, date, isotope, quantity, compound,
and purchase order number. This information allows computer tracking of each
isotope from receipt to disposal. Each package is removed from the laboratory
by radiation safety personnel, inspected, and surveyed utilizing a thin window
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G-M detector and a Nal detector. Any unusual readings would be investigated,
for instance, a detection of gamma radiation from a package supposedly
containing only "beta emitters". A suspect package would be rejected. No
package would be sent to a sanitary landfill until it is confirmed that all
conditions of the license amendment and rule are satisfied.

3. All material prepared for disposal is to be double packaged. When the material
is separated in the laboratory it is placed in a 1.5 mil plastic bag. Radiation
safety personnel place the packages in a 4.0 mil plastic bag. Both bags are
secured; the inner bags with a wire tie or tape, the outer bag with tape and a
pull-through security seal. The total volume of each 4 mil bag is about 0.11
cubic meters.

4. All records generated for this type of disposal will be maintained in the radiation
safety office, and

5. No radioactive gases, no liquid waste, and no material containing free-standing
liquid will be disposed of under this rule.

In the three years since the rule was adopted, ten Texas licensees have become
authorized to use this disposal method.

A major medical institution saved $35,000 in disposal costs in 1989 using this rule.
The institution was able to use alternative disposal methods for 1600 ft^ of short-lived
radioactive wastes. A major research institution saved $17,400 in disposal costs in 1989
using this rule. The volume of short-lived waste was about 650 ft^.

The Authority projects that by 1993 all the major generators of short-lived wastes in
Texas will have amended their licenses and implemented alternative disposal methods for
such wastes. The Authority estimates that up to 12,000 ft^ of low-level waste in Texas
could qualify for disposal under this rulemaking.

Conclusions

Texas supports the concept of below regulatory concern. Texas has a BRC policy
in place and has already deregulated certain short-lived waste steams. Properly
implemented, BRC rulemakings can provide economic benefit to users of radioactive
materials and allow regulatory resources to focus on radiation hazards that are true potential
public health problems.
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APPENDIX

TEXAS REGULATIONS FOR CONTROL
OF RADIATION

SECTION 21.307, Disposal
of Specific Waste
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21.307 Disposal of Specific Waste

(a) Any licensee may dispose of the following licensed material without regard to its
radioactivity:

(1) 0.05 microcuries or less of hydrogen-3, carbon-14, or iodine-125, per gram
of medium, used for liquid scintillation counting or in vitro clinical or in vitro
laboratory testing; and

(2) 0.05 microcuries or less of hydrogen-3, carbon-14, or iodine-125, per gram
of animal tissue averaged over the weight of the entire animal; provided
however, tissue may not be disposed of under this section in a manner that
would permit its use either as food for humans or as animal feed.

(b) Any licensee may, upon Agency approval of procedures required in 21.3O7(d),
dispose of licensed material included in Appendix 21-E, provided that it does not
exceed the concentration and total curie limits contained therein, in a Type I
municipal solid waste site as defined in the Municipal Solid Waste Management
Regulations of the Texas Department of Health (25 TAC §325.42), unless such
licensed material also contains hazardous waste, as defined in §2 of the Solid Waste
Disposal Act, Article 4477-7, V.T.C.S. Any licensed material included in
Appendix 21-E and which is a hazardous waste as defined in the Solid Waste
Disposal Act may be disposed of at a facility authorized to manage hazardous waste
by die Texas Water Commission.

(c) Each licensee who disposes of material described in 21.307(a) or (b) shall:

(1) make surveys adequate to assure that the limits of 21.307(a) or (b) are not
exceeded; and

(2) remove or otherwise obliterate all labels, tags, or other markings which
would indicate that the material or its contents is radioactive.

(d) Prior to the initiation of disposal authorized by 21.307(b), a licensee shall submit
procedures to the Agency for:

(1) the physical delivery of the material to the disposal site;
(2) surveys to be performed for compliance with 21.307(c)(l);
(3) maintaining secure packaging during transportation to the site, and
(4) maintaining records of disposals made under 21.307 (b).

(e) Nothing in this section relieves the licensee of maintaining records showing the
receipt, transfer, and disposal of such radioactive material as specified in 11.4.

(f) Nothing in this section relieves the licensee from complying with other applicable
federal, state, and local regulations governing any other toxic or hazardous property
of these materials.

(g) Licensed material disposed of under this section is exempt from the requirements of
41.100.
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Appendix 21-E

CONCENTRATION AND ACTIVITY LIMITS OF NUCLIDES FOR DISPOSAL IN A
TYPE I MUNICIPAL SOLED WASTE SITE OR A HAZARDOUS WASTE FACILITY

(For use in 21.307)

Nuclides

F-18
Si-31
Na-24
P-32
P-33
S-35
Ar-41
K-42
Ca-45
Ca-47
Sc-46
Cr-51
Fe-59
Co-57
Co-58
Zn-65
Ga-67
Se-75
Br-82
Rb-86
Sr-85
Sr-89
Y-90
Y-91
Zr-95
Nb-95
Mo-99
Tc-99m
Rh-106
Ag-llOm
Cd-115m
In-Ill
In-113m
Sn-113
Sn-119
Sb-124
Te-129

Concentration
Limit (Ci/m3')

3X10"1

1X10+2

9X10-4

2
10
9
3X10"1

2X10-2

4
2X10-2

2X10"3

6X10"1

5X10-3
6X10-2

1X10-2
7X10-3
3X10"1

5X10-2
2X10-3
4X10-2
2X10-2
8
4
4X10'1

8X10-3
8X10-3
5X10-2
1
1
2X10-3
2X10"1

9X10-2

9
6X10-2

2X10+1

2X10-3
2X10"1

Annual Generator Disposal
Limit (Ci/yr)

8
3X10+3
2X10-2

5X10+1
3X10+2
2X10+2
8
5X10-1
1X10+2
5X10-!
5X10-2

2X10+1

1X10-1

2
3X10-l

2X10-1
8
1
5X10-2
1
5X10"l

2X10+2
1X10+2
10
2X10-!
2X10"!
1
3X10+1

3X10+1
5X10-2
5
2
2X10+2
2
5X10+2
5X10-2
5
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Appendix 21-E (Continued)

CONCENTRATION AND ACTIVITY LIMITS OF NUCLEDES FOR DISPOSAL IN A
TYPE I MUNICIPAL SOLID WASTE SITE OR A HAZARDOUS WASTE FACILITY

(For use in 21.307)

Concentration Annual Generator Disposal
Nudides Limit (Ci/m3) Limit fCi/vr)

1-123 4X10"1 1X10+1

1-125 7X10"1 2X10+1

1-131 4X10-2 1
1-133 2X10-2 5X10-1
Xe-127 8X10-2 2
Xe-133 1 3X10+1

Ba-140 2X10-3 5X10"2

La-140 2X10-3 5X10"2

Ce-141 4X10"1 1X10+1

Ce-144 1X10-3 3X10-2
Pr-143 6 2X10+2

Nd-147 7X10-2 2
Yb-169 6X10-2 2
Ir-192 1X10-2 3X10-1

Au-198 3X10-2 8X10"1

Hg-197 8X10-1 2X10+1

Tl-201 4X10"1 1X10+1

Hg-203 1X10"1 3

Note: In any case where there is a mixture in waste of more than one radionuclide, the
limiting values for purposes of this Appendix shall be determined as follows:

For each radionuclide in the mixture, calculate the ratio between the quantity
present in the mixture and the limit established in Appendix 21-E for the specific
radionuclide when not in a mixture. The sum of such ratios for all the
radionuclides in the mixture may not exceed "1" (i.e., "unity").

Examples: If radionuclides a, b, and c are present in concentrations Ca, Cb,
and Cc, and if the applicable concentrations are CLa, CLb, and CLC
respectively, then the concentrations shall be limited so that the
following relationship exists:

(Ca/CLa) + (Cb/CLb) + (Cc/CLc) <1

If the total curies for radionuclides a, b, and c are represented Aa,
Ab, and Ac, and the annual curie limit for each radionuclide is ALa,

b, and ALc, then the generator is limited to the following:

(Aa/ALa) +
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INDUSTRY CONSIDERATIONS OF CONCENTRATION AVERAGING

Myron M. Kaczmarsky
Ebasco Services Incorporated

Two World Trade Center
New York, New York 10048

Peter T. Tuite
WMG, Inc.

93 Albany Post Road
Montrose, New York 10548

INTRODUCTION

Disposal of low level radioactive waste (LLW) which meets the
requirements of 10 CFR Part 61 for Class A, B, or C waste is currently
permitted at commercial disposal facilities. Disposal packages
containing metallic irradiated core components are typically
classified Class B or C due to the high concentration of certain
radionuclides. Should an individual component contain radionuclides
that exceed Class C limitations, than averaging of the component is
permitted with the volume of the components contained within the
same disposal package.

Concentration averaging is utilized extensively to successfully
dispose of irradiated hardware waste from nuclear power plants.
Disposal of irradiated hardware waste at commercial low level
radioactive waste disposal facilities accounts for the largest volume
of Class C waste, as defined by 10 CFR Part 61,. Irradiated hardware
waste shipments also contain the largest concentration of
radioactivity when compared to all other low level waste shipments.
A typical disposal liner may contain 10,000 to 20,000 curies and
have a surface dose of a few thousand R/HR. The spent fuel pools at
nuclear power plants were not typically designed to store large
quantities of irradiated hardware waste. The impact on storage
space for spent fuel therefore necessitates the removal and disposal
of irradiated hardware waste.

Different types of irradiated hardware waste are generated at
commercial light water nuclear power plants and certain
considerations are taken into account for the classification of these
components to comply with 10 CFR Part 61. In addition, the
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concentration averaging alternative permitted by the disposal facility
has a significant impact on the disposal of irradiated hardware waste
components.

IRRADIATED HARDWARE WASTE

The types of irradiated hardware waste generated at commercial
light water nuclear power plants vary between Boiling Water
Reactors (BWR's) and Pressurized Water Reactors (PWR's). The types
of components generated as irradiated hardware waste at BWR's and
PWR's are listed on Table 1 and Table 2, respectively.

TABLE 1

BWR IRRADIATED HARDWARE WASTE COMPONENTS

CONTROL ROD BLADES

LOCAL POWER RANGE MONITOR STRINGS

SOURCE AND INTERMEDIATE RANGE MONITOR
STRINGS

FISSION CHAMBERS FROM DETECTORS

DRY TUBES

POISON CURTAINS (NO LONGER USED)

FUEL FLOW CHANNELS

CONTROL ROD DRIVE SPUD ENDS

SHROUD HEAD BOLTS

CHANNEL CLIPS

OTHER MISCELLANEOUS ITEMS
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TABLE 2

PWR IRRADIATED HARDWARE WASTE COMPONENTS

REACTOR CONTROL CLUSTER ASSEMBLIES

THIMBLE PLUG ASSEMBLIES

BURNABLE POISON ROD ASSEMBLIES

PRIMARY AND SECONDARY SOURCE
ASSEMBLIES

IN-CORE INSTRUMENT GUIDE TUBES

IN-CORE INSTRUMENT STRINGS
(CERTAIN NSS VENDORS)

SPLIT PINS

CONTROL ELEMENT ASSEMBLY EXTENDERS

OTHER MISCELLANEOUS ITEMS

A sketch of a BWR Control Rod Blade is shown in Figure 1, identifying
typical radiation profile data. A BWR Control Rod Blade is fourteen
and one-half feet long and approximately one foot wide. Figure 2
provides a sketch of a PWR Burnable Poison Rod Assembly, which is
twelve and one half feet long and eight inches square.
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Table 3 lists the radionuclides which have the greatest impact on
radiation levels and waste classification of particular irradiated
waste components.

TABLE 3

MA.IOR RADIONUCLIDES IN IRRADIATED HARDWARE

CLASS C
RADIONUCLIDE HALF LIFE PRODUCTION MEANS CURIE
LIMITATIONS

(YEARS) (Ci/m3)

Major Radionuclides

Co-60 (x) 5.27 Co-59 (n,x)

Fe-55 (B) 2.6 Fe-54 (n,x)

10 CFR Part 61 Radionuclides

Ni-59 (x)

Ni-63 (B)

Nb-94 (B,x)

C-14 (B)

Tc-99 (B)

None

None

80,000 Ni-58 (n,x) 2200

9 0 Ni-62 (n,x) 7000

20,000 Nb-93 (n,x) 2

5,730 N-14 (n,P) 80

200,000 Mo-98 (n,x) 3 0

The irradiation time (or actual time the component is in the reactor
core at power) and material composition are major factors
influencing waste classification.

Half lives on Table 3 show that decay time is not an important factor
for the classification of irradiated hardware. However, decay time
can make a significant difference in the radiation levels of specific
components due to the abundance of the Cobalt . The radionuclides
which pose the greatest concern in classification of irradiated
hardware are Nickel and Niobrium. Should the concentration of
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these radionuclides exceed the 10 CFR Part 61, "Class C" limitations,
then averaging with lower concentration,"colder", components is
required to successfully dispose of the "hotter" components. The
original concentration of Nickel and Niobrium in the particular
component is therefore very important. The non-fuel bearing
components in a nuclear reactor core are typically composed of
Stainless Steel, Inconel and Zircaloy. Stainless Steel components will
exceed Class C limits under high levels of irradiation. Inconel
components will usually exceed Class C limits due to high Nickel and
Niobium content. Zircaloy components typically do not pose a
concern with exceeding Class C limitations.

CONCENTRATION AVERAGING

The waste classification requirements of 10 CFR Part 61 are based on
the specific activities (Curies per cubic meter) of certain
radionuclides contained within a waste package. Each irradiated
hardware item is characterized, with regard to radionuclides present
and their respective concentrations, prior to processing and
packaging. Once characterized, if 10 CFR Part 61 classification limits
are met, an irradiated hardware item can be processed and packaged
in an appropriate waste disposal container. Should a particular
hardware item contain radionuclides with concentrations greater
than 10 CFR Part 61 limits for Class C waste, then the particular item
must be packaged with other items containing lower concentrations
of the same radionuclide to permit successful disposal.

Four alternatives for concentration averaging are discussed below.

I. The current criteria for concentration averaging at the
existing LLW disposal facility in Richland, Washington is to
permit different component types to be averaged together
within the same waste disposal container. For example, BWR
in-core instrument hardware could be averaged with a BWR
control rod blade within the same container. This is the least
restrictive of alternatives for the concentration averaging of
irradiated hardware.

II. The current criteria for concentration averaging at the
existing LLW disposal facility in Barnwell, South Carolina is to
permit averaging of similar component types and averaging
of different components types only if the respective specific
activities are within a factor 10.
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III. A more restrictive alternative currently being considered for
future LLW disposal facilities would be to permit averaging of
only similar component types to meet Class C limits.

IV. The most restrictive alternative currently being considered
for future LLW disposal facilities is not to permit
concentration averaging, where each item alone would be
required to meet Class C limits.

Under current practices at the Richland, Washington disposal facility
very little irradiated hardware would exceed Class C limitations using
concentration averaging. Occasionally, a few PWR Guide Tubes would
contain radionuciide concentrations too high to consider the
concentration averaging criteria at the Richland disposal facility.

Under current practices at the Barn well, South Carolina disposal
facility the irradiated hardware waste items listed below could not
be concentration averaged, and would be considered greater than
Class C waste.

A. BWR Hardware

• A Few Local Power Range Monitor Strings*

• A Few Dry Tubes

*without cold ends

B. PWR Hardware

• A Few In-Core Instrument Strings
• Many Guide Tubes

Under the more restrictive criteria; i.e., averaging only similar
component types; the irradiated hardware waste items listed below
could not be concentration averaged, and would be considered
greater than Class C waste.
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A. BWR Hardware

• Many Local Power Range Monitor Strings
• Many Dry Tubes
• A Significant Number of Control Rod Blades

(those operated in a controlled cell mode)

B. PWR Hardware

• A Significant Number of In-Core Instrument Strings
• A Significant Number of Thimble Plug Assemblies
• Most Guide Tubes

Under the most restrictive criteria; i.e., each item must meet Class C
limits; the irradiated hardware waste items listed belo\v would be
considered greater than Class C waste.

A. BWR Hardware

• Most Local Power Range Monitor Strings
• Most Dry Tubes
• Many Control Rod Blades

(those operated in a controlled cell mode)

B. PWR Hardware

• A Significant Number of In-Core Instrument Strings
• A Significant Number of Thimble Plug Assemblies
• Most Guide Tubes

CONCLUSION

Typical amounts of irradiated hardware generated at light water
nuclear power stations are presented below on Table 4.

249



TABLE 4
Generation of Irradiated Hardware Waste

A. Discharged by BWR's on 18 Month Fuel Cycle

1. 10 to 12 Control Rod Blades
2. 10 to 12 Local Power Range Monitor Strings
3. 4 to 6 Dry Tubes

B. Discharged by PWR on 15 Month Fuel Cycle

1. 10 to 12 Burnable Poison Rod Assemblies
2. 4 to 6 Orifice or Thimble Plug Assemblies
3. 20 to 40 In-Core Instrument Strings

(Certain NSSS Vendors)
4. 4 to 6 Guide Tubes
5. 1 to 2 Control Rod Assemblies

On occasion a BWR or PWR may discharge twice the amounts of
irradiated hardware listed on Table 4, in addition to a significant
quantity of other items listed on Tables 1 and 2.

Use of concentration averaging under the current LLW disposal site
criteria permits the majority of irradiated hardware waste generated
at nuclear power stations to be packaged and shipped for disposal.
Should the future state or state compact LLW disposal facilities
impose more restrictive criteria or not permit concentration
averaging, a potentially significant amount of irradiated hardware
waste will be considered greater than Class C. Disposal of greater
than Class C waste is currently the responsibility of the US
Department of Energy as part of the Nuclear Waste Terminal Storage
Program. Therefore, the potential exists for significant amounts of
irradiated hardware waste to be stored in the spent fuel pools of
nuclear power stations, where in many situations, space limitations
already exist.
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FIGURE 1

BWR CONTROL ROD BLADE
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FIGURE 2
PWR BURNABLE POISON ROD ASSEMBLY
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INFORMED CONSENT -- BUILDING CONSENSUS

Roberta Lovenheim
Regulatory and Legislative Consultants, Inc.

130 E. Main Street
Rochester, New York

Thank you for giving me an opportunity to share some of my observations
with you and offer an approach to "building consensus" during our lifetime
for, what I believe, is the only environmentally-sound option -- safe,
permanent disposal of Low-Level Radioactive Waste.

First, let me express my appreciation to our colleagues who have bravely
and for so long carried the difficult banner of the LLRW siting process. As
we reflect upon what might have been or what could be, we need to be
especially mindful of the fact that it is they who have withstood unparalleled
organized opposition. We meet here and bask in the history of two federal
laws that passed the responsibility of disposal of LLRW to the states and
localities, but there are colleagues in this room and at this conference who
have made this decade better than it would have been without their fortitude,
courage and dedication.

This morning I am going to speak to you about building consensus for
achieving a solution to our low-leval radioactive waste management problem and
to meet the challenges by opening lines of communication before battle lines
are institutionalized and inextricable. Let us remember that well-known axiom
-- in a war no one wins. I will draw from what we have learned from the past
decade and offer suggestions about what we can do now and how we can help each
other succeed.

What do we mean by consensus?

If we mean unanimity, acceptance or harnrony, I do not believe that it is
possible to achieve consensus on this issue. The low-level radioactive waste
disposal issue is fraught with fear and hysteria.

There are three major emotions that fracture public opinion regarding
this issue. First, the fear of nuclear science is prevalent and reinforced by

253



popular accounts of the aftermath of the Chernobyl accident. Major

environmental concerns regarding our nuclear weapons program have confused and

frightened the average person. (Let us pause to give credit to Energy

Secretary James Watkins who is to be admired for his responsible approach and

priority commitment to solving these problems.)

Despite the many beneficial uses of radioactive isotopes in industry,

biomedical research and treatment of disease, the average person still hasn't

made individual peace with the technology and has yet to trust its proponents.

For example, successful treatment of many cancers is a daily achievement that

many still call "a miracle."

Second, let us face the fact that we are talking about waste, and that

garbage is not glamorous. Those who handle garbage for our communities are

not feted. Those who handle garbage for our corporations are not in line for

CEO. So it becomes a very difficult topic to talk about.

Third, the perception of the LLRW budget by upper management in our

universities, medical centers, corporations and institutions is that it is a

very small part of the total waste removal budget and an even smaller part of

the total operating budget. The responsibilities for its handling are

delegated to a small, competent, highly professional group.

These are three reasons why I believe gaining widespread, general

agreement on the issues surrounding the safe, disposal of low-level

radioactive waste is impossible. While working to recoup public confidence,

however, I'd like to suggest the following approach.

If we define -.onsensus as "the informed consent to LLRW disposal

strategies by a majority of citizens whose cooperation is required to achieve

the goals of the environmentally-sound solution - safe, permanent disposal,

then I believe we can build that kind of consensus.

What can we learn from the events of the past decade in low-level

radioactive waste management?
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We have seen that technical approaches to siting have not been successful
because we have excluded political realities from the planning process. We
have developed solutions and improvements to the technical problems associated
with safe, permanent disposal of LLRW.

Now, let us review the political assumptions we depended upon during the
planning process. We assumed a higher level of public understanding of low-
level radioactive waste issues than existed. We assumed a higher level of
rationality in the political arena. We underestimated the intensity of the
fear and hysteria the public would develop. We underestimated the degree of
intimidation by vehement vocal opponents that would be expressed towards us.
We did this because the responsible environmentalists with whom we dealt
during the legislative phases from 1984 through 1986 were rational and
representative of public concern. After the siting process nationwide
identified local communities, at least four additional categories of groups
spontaneously formed. Some were the groups we'd worked with, but new, local,
NIMBY, and NIMTU groups formed. The national anti-nuclear opposition groups
were ready to forge new alliances and to train new grassroots leadership.

The generators were hesitant to take action, and therefore didn't, and
therefore lost the moment. Why? Some generators I have spoken with have told
me the following reasons:

1. "We thought we had the law behind us. Once the law was passed we
thought we had done all that needed doing. The rest was up to the
State."

2. "Our company (you can substitute "university" or "medical school"
here) has a policy against speaking out in favor of the siting
process. I might lose my job" (or "I have been told that I will
lose my job" or "my company has a permit pending, and we were afraid
to jeopardize getting it through").

3. "We don't generate very much LLRW. So it is not up to us to speak
out."
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4. "We're afraid."

There was reason to be afraid. I have been harassed, called a "nuclear
terrorist" and "nuclear nazi" by crowds that have been carried away by fear,
hysteria, and distrust of government. I was called these things because I was
on a list to testify at a public hearing and gave testimony at that hearing.
Some generators who testified had garbage thrown at them and were shouted
down, and all of us needed police protection. At least we were protected.
Our state did not do as well in protecting our state public servants, a fact
which greatly distresses me. This is a severe crisis of leadership in our
State. The phenomenon of not protecting and supporting gubernatorial
appointees, public servants, and state employees is a phenomenon that extends
beyond the LLRW issue. We only have to look at the way the Adirondack Park
Commission was treated during its public hearings.

Looking backward, we might have had greater success by collaborating with
local governments and communities about aid to localities and aid to local
governments to develop and require specific compensation and mitigation plans
for actual and perceived adversities before some of these communities were
named as potential sited areas.

Again, looking backward, generators needed to be more active and willing
to spend more of the necessary resources, outside of and in addition to the
state assessments, to educate the public before the specific candidate sites
were announced. We needed to be more active in our local communities as
trusted and technical resources.

Of course, we don't have the luxury to start over and must look at what
we can do in this highly polarized political situation. That is why I defined
the consensus we can build as "informed consent."

Trust, meaningful dialogue, mutual respect must be cultivated and
nurtured. We need to make opportunities to bring together small groups of
responsible representatives of varying viewpoints to open a dialogue on the
issues of radiation safety, environmental protection, transportation, and
others of mutual concern.
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Tlie New Y->rk State Low-Level Waste Group sponsored such a 36 hour retreat
and dialogue at a Syracuse University facility in the Adirondacks which was
very successful. We can use that format again and again to rebuild
understanding, debunk stereotypes and reach compromises that lead to mini-
consensus, a settlement and arrangement that achieves an environmentally-sound
result for safe, permanent disposal of LLRW.

We have discussed the use of so-called neutral parties in this context,
and at this point I'd like to point out that I think that the only way the
process can truly work is to have the stakeholders sit down together and work
out the details of their arrangement.

We have repeatedly reiterated an axiom to one another; 'I have heard it
said informally to one another during this conference. "This is not a
technical problem, it is a political problem;" or "We know what to do
technically, but the political hurdles have been very difficult."

We have to come to appreciate the Art of Politics and in so doing, we
have to recognize the Art of Compromise. Compromises can and have to be
achieved in contexts that don't impede progress or sacrifice safety or
quality We have an opportunity to open a dialogue with responsible
representatives of opposition groups and to redirect the dissent and the
mistrust to a constructive outcome.

How can we help each other? States can work with their municipalities in
the development of local aid and incentive packages that are meaningful and
then enact them. Generators must be more active and participate in necessary
public information and public education activities in addition to state
activities. These two activities can lead to a climate of "informed consent"
to a disposal strategy by a majority of citizens whose cooperation is required
to achieve the goals of safe, permanent disposal.

The DOE is needed for an important technical assistance role at this
point in time. We are all mindful of the opening of the 80's decade as the
time when the federal government passed the responsibility for the siting of
permanent LLRW disposal facilities to the states. The 90's decade has seen
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the states pass the baton to the generators, who now serve as surrogates for

the states and compacts in carrying out the responsibilities of the LLRWPAA.

Generators are facing long-term storage requirements while siting processes

stall nationwide. Thousands of small generators are facing the need to expand

and upgrade their storage capacity. Critical public health and safety issues

that are best addressed by the environmentally-sound solution of safe,

permanent disposal need to be considered. Extensive local and state

environmental and regulatory frameworks will attend those activities.

While DOE has been very helpful to the states, it is now time to forge a

new public/private partnership with generators while they are now called upon

to undertake the federal and state responsibilities of long-term radioactive

waste management, until the requirements of LLRWPAA are finally met.

Finally, as we all continue to work together to solve this very difficult

public policy and political problem, let us continue to exchange ideas,

information and good will. Good luck to us all as we return home to meet the

challenges that await us! Thank you.
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PERSPECTIVE ON THE FUTURE

Bernhardt C. Warren, Vice President
Quadrex Environmental Company

FUTURE DEVELOPMENTS

I appreciate the opportunity to be with you. This is a topic that is

open enough that I can't get in too much trouble.

In order to anticipate FUTURE DEVELOPMENTS, we need to reflect on the

past, evaluate the present, and then plan for FUTURE DEVELOPMENTS.

Our generation has gone through a lot of change--let me share a little

with you. Since 1948, consider the changes we have witnessed:

We were born before television, before penicillin, before polio shots,

frozen foods, xerox, plastic, contact lenses, frisbees and the Pill.

We were born before radar, credit cards, laser beams and ballpoint pens;

before panty hose, dishwashers, clothes dryers, electric blankets, air

conditioners, drip dry clothes--and before man walked on the moon.

We were certainly not born before the difference between the sexes was

discovered, but we were born surely before the sex change; we made do with

what we had! We got married first and then lived together. How quaint can

you be? And we were the last generation that was so dumb as to think you

needed a husband to have a baby!

In our time, closets were for clothes, not for "coming out of," and

having a meaningful relationship meant getting along with our cousins.

We were before house husbands, gay rights, computer dating, dual careers

and commuter marriages, we were before daycare centers, group therapy and

nursing homes. We never heard of FM radio, tape decks, artificial hearts,

word processors, yogurt, and guys wearing earrings. For us, time sharing

meant togetherness--not computers or condominiums; a 'chip' meant a piece of

wood; hardware meant hardware; and software wasn't even a word!
259



In 1940, "made in Japan" meant JUNK and the term "making out" referred

to how you did on your exam. Pizzas, "McDonalds," and instant coffee were

unheard of.

We hit the scene when there were five and ten-cent stores, where you

bought things for five and ten cents. For one nickel you could ride a

streetcar, make a phone call, buy a Coke or enough stamps to mail one letter

and two postcards. You could buy a new Chevy Coupe for $600, but who could

afford one; a pity too, because gas was eleven cents a gallon!

In our day, cigarette smoking was fashionable, grass was mowed, COKE was

a cold drink and POT was something you cooked in. ROCK MUSIC was grandma's

lullaby and AIDS were helpers in the principal's office.

No wonder we are so confused and there is such a generation gap today!

BUT WE HAVE SURVIVED!!! SO WE DO HAVE SOMETHING TO CELEBRATE ABOUT!

To anticipate future developments, we need to understand:

What are the current regulatory policies, and

What is the view toward proposed changes that affect the treatment

and disposal of Low-Level Radioactive Waste (LLRW)?

The problem preventing resolution are Proponents for Change vs.

Proponents for Maintaining Tradition.

Currently, let's discuss the Compact situation.

It appears it is difficult for the public to distinguish between

Department of Energy (DOE) waste issues and LLRW. This confuses

how we approach problems.
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After five years we have:

The S.E. progressing (on second base),

NW/Rocky Mountain Compact negotiating a proposed

supercompact (Swinging for a HR).

California, Nebraska, Illinois, and Texas are all progressing (on

first base)

New York and Michigan (not even up to bat)

On 8/8 the National Conference of State Legislators are

considering revisiting the LLWPA.

There has been developed/or is developing a five-year plan on Best

Demonstrated Available Technology (BDAT). What does it mean?

Best technology? or,

Keeping the exposure the lowest--using the expression of

ALARA. (Just a reminder "R" means reasonably not remotely

The Nuclear Regulatory Commission (NRC) has developed a BRC plan

that is being bombarded.

The Environmental Protection Agency (EPA) sees it as too

permissive

Maine, Minnesota, Iowa, Pennsylvania, and Utah have proposed

prohibitions against it.

Illinois and Virginia, have resolutions against it, and it's

only been a few months.
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Reminder: 10 mrem/year is equivalent to an observation on a film badge

report which could be considered "MINIMAL."

Regulatory exposure criteria have become more restrictive, costs for

handling wastes continue to rise, siting is almost impossible and yet we want

more energy and research. The need for energy creates potential risks.

Regarding mixed waste, the EPA has apparently ruled out delisting (or

Below Permitting Control) as a viable solution. Regulations and permitting

philosophy are very restrictive. It requires generator specific/waste

specific applications. Generators normally do not have the staff to prepare

such applications and brokers/processor applications describing a generic

waste stream is not acceptable.

In talking with EPA/HQ regarding delisting possibilities, the response

was "Don't waste your time;" it was almost impossible to approve.

In essence, the CHANGES by the regulatory agencies to restrict an

already heavily regulated industry are inappropriate.

Federal agencies and compacts are developing restrictions to manage LLRW

in their region so as to "assure" that waste is being properly handled. This

implies that it currently isn't. Examples of "shooting a sparrow with a

shotgun" are piling additional requirements onto the centralized waste

tracking, and uniform waste manifest. The current system is adequate.

The NRC is attempting to create relief and its spelled "BRC," but

it has been a difficult task.

The EPA seems to have the philosophy of the wild west cowboy, "The

only good atom is a DEAD atom" (or molecule in the case of

delisting).
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Proponents for change are primarily wanting:

Regulatory changes that are more restrictive. The generators and waste

brokers/processors take the traditional approach and say, "If it ain't broke,

why fix it?" What happened to the basic premise that regulators should

regulate with restraint? Let's not be trapped with the philosophy of let's

take care of all the "what if's."

As far as the future, I feel the proponents for change (more

restriction) and the proponents for tradition will begin to merge.

EPA considers that the industry will respond no matter what the

restrictions, and that probably is true.

The number of radioactive players (processors/brokers) will

decline due to the political uncertainties and over regulation of

small companies.

The price will be high, very high.

The Compact Concept will be revisited by Congress with a result of

sharing technologies between regional treatment facilities to

solve the problem.

The Congress will revisit the mixed waste problem and provide for

a lead agency that can make decisions.

BDAT will be decided by the generator.

I believe that efforts will become more directed toward policy and

decision making instead of continuous "staff studies."

Regulators will respond to the generators in a reasonable manner.

They will become a part of the solution.
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I feel that crises will happen prior to a decision-making mode
that becomes the status quo.

I like Roger Scott's analogy of the riverboat. I just hope it's not
headed towards rapids and even a waterfall before we reach a nice, placid
stream.

264



LLRW STORAGE: PERSPECTIVES FROM THE NORTHEAST

Hans Y. Tammemagi
Nuclear Storage Systems Inc.

P.O. Box 228, Amherst, NY 14226-0228

1. INTRODUCTION

It is very difficult to predict development in the LLRW scene for the
coming decade because of the unsettled climate at present. However, it is
becoming increasingly clear that storage will play an important role in the
LLRW management equation. It is a vital and integral component of meeting the
intent of the federal LLW Acts and all states and compacts, as well as
individual generators, should be factoring it into their management
strategies. The reason is that the mandated milestones are not going to be
met. Very few states or compacts will comply with either th'e 1993 or 1996
deadlines. New York provides a good example of how a dedicated, conscientious
and well-funded effort to locate a site for disposal facility was thwarted by
public pressure, and progress in New York will be greatly delayed. Storage is
an inevitable requirement.

As will be shown, the technology for LLRW storage is not complicated.
There are proven, safe and cost efficient methods available. However, they
must be implemented with care and political, licensing and public interaction
processes must be included. This all requires time. It is important that
storage plans be developed early and in parallel with disposal plans and
receive the same degree of intellectual effort and commitment.

In this presentation I would like to describe some of the storage
technologies that are being successfully used today. Then I will discuss some
of the alternative methods by which these technologies might be implemented.
Next, I will review the storage strategies that are being used by some of the
states in the northeast.
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2. STORAGE TECHNOLOGIES

The technologies in use at four different facilities will be reviewed:
University of Vermont, Vermont Yankee Nuclear Power Plant, West Valley
Demonstration Project and Ontario Hydro's Bruce Nuclear site. These
technologies cover a wide spectrum, ranging from very complex and costly
methods to ones that are relatively simple to implement.

The State of Vermont has been out of compliance with federal law and has
been denied access to the disposal facilities of the sited states since
January, 1989. For this reason, temporary storage is particularly critical in
Vermont and I would like to review how two generators are dealing with this
problem. In both cases, it was recognized early that such a situation could
arise and appropriate steps were taken.

University of Vermont - The University uses a 3,500 sq ft building
located on campus to store their waste. Storage space is provided for waste
that will ultimately go to disposal and for short-lived waste that is being
held for decay. In addition, space is required for empty barrels and other
supplies. There is about 2.5 to 3.5 years of storage capacity. Although a
fairly simple structure, it is equipped with flood, fire and intrusion alarms
and has been designed to be flood proof.

Although fairly simple technology, it is important to recognize that the
lead time for this structure was approximately four years. Two years were
required for obtaining funding and space from the university authorities and
one year for receiving the municipal, state and federal approvals. This stage
involved public interaction and was not without the inevitable newspaper
headlines. Another year was necessary for design and construction. Thus,
although a contingency plan for on-site storage was developed in 1984, the
building was not completed until 1988 and did not come into functional use
until January 1, 1989.

Vermont Yankee Nuclear Power Plant - The next slide shows modular,
rectangular concrete storage containers in use at the site of Vermont Yankee
nuclear station, a 504 MW boiling water reactor. Planning began in 1985 and a
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number of waste treatment as well as storage options were evaluated
(Fuller, 1990). Modular concrete rectangular boxes were selected as the
storage method of choice. These contain both boxes of dry active waste and
condensate resin in cylindrical high integrity containers. The modules are
arranged in a more or less rectangular array, in two layers, with the more
radioactive resin modules in the center. The base is made of crushed stone
and the site is surrounded by a chain-link fence. A total of 150 modules are
planned and will allow five years of storage capacity. The facility, which is
located adjacent to their protected area, began operation in May 1989.
Further information on modular concrete storage containers is provided by
Dufrane (1990).

West Valley Demonstration Project - A number of methods are being used
to store LLRW at West Valley, however, only one is discussed here. This
involves the use of Sprung structures, or tents. A typical tent in use at
West Valley is about 82 ft wide and about 275 ft long and has a design life of
10 years. The tents are quite robust and are made of fire-retardant material.
This particular tent has been in use for five years and the intention is to
continue its use for an additional three to five years. This example is
included to illustrate that simple solutions are available and under
appropriate circumstances can meet performance requirements.

Ontario Hydro - Ontario Hydro has a policy that all LLRW generated at
its 17 operating nuclear power plants will not be disposed, but rather will be
stored until such time that appropriate disposal facilities are in place.
Thus their centralized facility as Bruce site in Ontario has a design life of
50 years and a much longer operational period is expected. It has currently
been in operation for approximately 19 years, providing a strong demonstration
of the fact that safe storage can be provided over long periods of time.

The waste is received and inspected at a waste treatment facility which
houses an incinerator and a compactor/baler, where the treated waste can be
repackaged as necessary. A number of structures are used for the long-term
storage of the LLRW; storage buildings are used for the low-level waste,
cylindrical concrete holes and concrete trenches are used for low and
intermediate level wastes such as resins. These are shown in the next few
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slides. Approximately 280,000 cu ft of waste are currently stored per year.
All waste is retrievable.

By apply'nq a systems approach with constant review, considerable
evolutionary development has occurred over the past 15 years in both
operational procedures and design of structures (Carter and Rao, 1985).
Perhaps the most significant is the move toward larger diameter, augured
holes. These are concrete lined with an internal steel liner and monitoring
system in the annul us.

By indefinitely postponing plans for disposal and instead implementing
long-term storage, Ontario Hydro has very neatly avoided the political turmoil
associated with LLRW in this country. Their centralized, long-term storage
strategy could well provide a model for what we may have to move toward in the
remainder of this decade.
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3. IMPLEMENTATION OPTIONS

The technological options must be placed into a political context.
Storage will be required for at least a few years and, depending on the state
or compact, possibly for much longer periods. As shown by Ontario Hydro,
long-term storage is feasible and the possibility of storing for periods of up
to 25 years should be investigated.

The simplest approach would be for the states to require generators to
store their own waste. Technologies such as those implemented at University
of Vermont, Vermont Yankee and possibly West Valley would be appropriate.
However, a number of smaller generators, particularly hospitals would have
considerable difficulty as their space and resources are already under stress.
There is also some question about the legality of forcing the individual
generators to provide storage after January 1, 1996.

An alternative option would be for the state to provide a central
facility for non-utility waste and utilities to provide their own on-site
storage. This option is fairly attractive as the utilities are the major
generators and generally have the resources, staff and land available to
provide such storage. Licensing for the utility storage appears to be
relatively straight forward as evidenced by the many facilities that have been
established. The non-utility central storage will be more problematic, not
only because of the public opposition that will arise, but also because of the
licensing uncertainties.

In theory, perhaps the most logical option would be for the
compacts/states to provide centralized interim storage capability for all
their generators, as it is part of their mandate to do so. A systems approach
should be applied which would incorporate all facets of managing LLRW and
would seek to minimize the risks due to transportation, handling, storage and
also ultimate disposal. However, in practice this option is faced with
several hurdles due to the difficulties that would be encountered in siting
the facility and the licensing uncertainties. For example, agreement states
may not have regulations for licensing a storage facility (i.e., New York).
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Currently the NRC estimates that it would require a minimum of two years for
reviewing a license application for a central state storage facility.

An interesting approach would be to establish regional facilities or
possibly a national storage facility. As it is highly unlikely that this
would be initiated by government, it wound probably need to be a private,
commercial operation. Politically this might be attractive to some states who
would accept a storage site as a trade off against having to accept a disposal
facility. In turn, guarantees and substantial bonds would probably need to be
posted by users of the facility to assure the state and local community that
the waste would be removed from the site. Such an approach should be
encouraged by both the DOE and NRC as it provides a workable and face-saving
solution to the LLRW impasse which is rapidly developing. The NRC could be
quite influential, in particular, if they would reverse their stance of not
favoring long-term storage and instead moved to placing greater priority on
this area and worked to promote, encourage and assist it.
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4. STORAGE POLICIES AND DEVELOPMENTS

I would like to briefly review the policies and developments with regard
to storage in a few of the northeastern states. Perhaps in no other part of
the USA is storage such a vital issue as in the NE, due to the lack of
progress in forming compacts and in making progress in developing state
disposal facilities.

New York - It is now well established that New York will not meet the
federal milestones. Although it has been recognized for some time that
storage must be provided, very little progress has been made. Originally it
was thought that a central site might be made available for all generators.
This plan has now been discarded and the intention is to have each generator
provide their own interim storage. This will place considerable stress on
some generators, particularly smaller establishments such as hospitals and
universities which are already generally short of space and resources. The
New York State Energy Research and Development authority has been given a
mandate and budget to develop a strategy for storage. They are establishing a
panel to evaluate the ability of generators to store their own waste on site
for extended periods and to evaluate the feasibility of developing a
centralized facility for waste from academic and medical institutions.

Maine - As a result of their numerous legislated approvals needed to get
a disposal site, Maine recognized several years ago that they would not be
able to meet the 1996 milestone. As a result the Maine legislature passed
law LD1266 in 1989 requiring generators to store their LLRW between 1996 and
2001. This will undoubtedly be challenged in the courts as being in variance
with the 1986 Amendments Act. The law also provides the option for the Maine
LLRW Authority to construct a centralized storage facility if it is determined
that it is necessary. At this time no decision has been made as to which
storage option will be undertaken by the Authority.

Vermont - Although currently not in compliance and barred from disposal
facilities, Vermont enacted a law in early 1990 with the objective of
fulfilling the requirements of the federal LLRW law. However, Vermont is
considerably behind schedule at this point in time and will have difficulty in
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meeting the 1993 and 1996 milestones. This is compounded by the fact that
Vermont is taking a unique approach in seeking to separate long-lived waste
from the shorter-lived constituents with the intent of disposing of the latter
in an out-of-state facility. In the meantime, each generator is responsible
for storing LLRW at its own facility. No contingency plans for storage are
currently being developed and it is not clear what will happen on January 1,
1996, when the state must take possession of the waste.
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5. SUMMARY

As has been discussed, the need for LLRW storage is rapidly growing
since it appears that the majority of states and compacts will not meet either
the 1993 or 1996 milestones. It is necessary for generators and state
agencies to recognize this need and to commence early planning so as to
minimize the impacts on the states and generators. Ideally, a systems
approach should be taken which factors storage in as an equal factor with
transportation, disposal, and processing which will optimize the overall
system.

In many ways regional storage facilities make a lot of sense and we
should seek ways to encourage such a development. These facilities might well
operate for periods reaching 25 years, if necessary.

It is important that the federal departments, in particular the Nuclear
Regulatory Commission, reverse their policy and support the storage concept.

In conclusion, storage should be viewed very positively as a means by
which the unrealistic schedules of the LLW Amendment Act can be avoided but
otherwise allowing the intent of the legislation to be met, namely giving the
states time to shoulder their responsibility for disposal and to make further
progress with compact consolidation.
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Hydrologic Considerations for Placement and Design
of Disposal Facilities

John C. Walton
Idaho National Engineering Laboratory

P.O. Box 1625
Idaho Falls, Idaho 83415

Introduction

Below ground or earth mounded concrete vaults are a design option being considered for

disposal of low-and intermediate-level radioactive wastes at a variety of locations around the world.

The overall goal of these facilities is to isolate the waste from the environment for time periods ranging

from hundreds to thousands of years depending upon the type of waste and applicable regulatory

environment.

A number of factors influence the longevity and performance of subsurface concrete vaults

including concrete composition and quality, design of the vault, design and maintenance of the cover,

geochemical environment, climate, and site hydrology. As an aid to predicting long term performance

of concrete barriers, mathematical models of concrete degradation and fluiJ flow and mass transport

through concrete have been developed. The ultimate goal of the modeling exercises is to predict future

performance of these systems. The long term projections of performance assist with the design of

better performing and longer lasting facilities.

In this paper two aspects of concrete vault performance are considered. First the flow of water

through a vault located in the unsaturated zone is contrasted with flow through an identical vault

located below the water table. The exercise suggests that frequently, the vault located below the water

table will have lower flow rates and perhaps represent a superior location. Just as importantly the

calculations give several suggestions concerning the design of vaults located in the unsaturated zone.

In the second portion of the paper mass transport (i.e., radionuclide transport) through cracks in

a concrete vault is considered. From a structural perspective, some controlled or limited cracking of

concrete is allowable. Frequently structural design and reinforcement placement are based on

controlling crack width and spacing. From the perspective of fluid flow and radionuclide transport

through the vault, cracking is 3 much more serious problem. Even a very small crack can increase the

permeability of concrete by orders of magnitude.

Fiow Around and Through Concrete Vaults

In the simulations, comparisons of moisture flux through the vaults are made between a concrete

vault located above the water table in the unsaturated zone and the same vault located below the water

table in the saturated zone (Figure 1). Moisture flux is a direct measure of the amount of water

contacting the waste and passing out of the vault as leachate. As such, moisture flux is one simple

measure of vault performance.

276



perched water

unsaturated zone

steep gradients

water table

low gradients

Figure 1. Schematic of below ground concrete vaults considered in the simulations.

In order to keep the work general and to focus on specific aspects of fluid flow, simulations are

performed on a simplified example concrete vault. The example vault is 10m wide, 4m deep, and

infinitely long, and made entirely of concrete. This allows for a two dimensional simulation with

horizontal symmetry in the center of the vault. Generalization to other vault sizes is qualitatively

simple. More massive designs increase the flow rates through the vaults and smaller designs decrease

them.

For the vault located below the water table, a hydraulic gradient (0.1%) is specified in the host

aquifer or geologic strata. In the unsaturated zone the leakage rate through the cover is assumed to be

0.5 cm/yr. For each set of simulations the saturated permeability of the surrounding soil material

remains constant and identical for both the vaults in the unsaturated and saturated zones (10"6 cm/s).

As a further simplification the flow simulations are performed at steady state.

High quality, intact concrete is very impermeable. When concrete is combined with a surface

coating of bitumen and/or a geomembrane, the vault permeability will be much lower. However, as

the concrete deteriorates from weathering processes such as sulfate attack, calcium hydroxide leaching,

and cracking, its permeability will increase over time. Likewise, as the bitumen coating or

geomembrane deteriorates and flaws develop the effectiveness of the coating in reducing flow will

decline (Walton and Sagar, 1990). The rates of chemical and physical attack on the concrete vault

over the long time periods associated with waste disposal represent an active area of research

(Atkinson et al, 1985; Walton et ah, 1990). Current estimates of concrete longevity suggest high

quality concrete can maintain structural integrity for a period of several hundred to several thousand

years, an adequate time period for substantial degradation of the wastes. However, even in the absence
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of detailed estimates of deterioration, the implications of any level of deterioration (e.g., increases in

permeability) can be examined. For this reason, the results are given as a function of vault

permeability which will vary over time.

The moisture flow system will also undergo changes through time as the waste isolation system

weathers. In unsaturated sites some settling and disruption of the cover is likely to occur. Unless an

active maintenance program is sustained (a questionable assumption over long time periods), the net

percolation or leak rate through the cover will increase over time, eventually to background levels for

the site.
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Figure 2. Ratio of the flow of moisture through the vault located in the unsaturated zone with an

identical vault located in the saturated zone. In general the vault located below the water table gives

superior performance.

Figure 2 plots the ratio of the moisture flux through a concrete vault located in the unsaturated

zone divided by the tlux through the same vault located in the saturated zone. Note that over a very

broad range of permeability, the vault located in the saturated zone has superior performance. The

relative performance of the unsaturated location begins improving when the permeability of the

concrete exceeds the net moisture percolation rate through the cover (i.e., the point when water can no

longer perch on top of the vault).

The simulation results, along with other similar calculations suggest that saturated zone should

not be overlooked as a location for placemen! of waste. The calculations also suggest that .smaller

vauit sizes and sloped roofs will improve the performance of concrete vaults located in the unsaturated

zone. Details of this work are given in Walton (1990).
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Mass Transport Through Cracked Concrete

In a cracked concrete barrier, the majority of fluid flow and mass transport can be expected to

occur through the cracks. For this reason it is important to understand the concrete properties which

influence transport rates through the cracks (Figure 3). The most obvious differences between

transport through the concrete matrix and cracks are the lower surface area available for sorption in

cracks and higher water velocities.

i'he processes most important in slowing radionuclide transport through concrete matrix are: a)

sorption on the fracture walls, b) diffusion into the matrix of the concrete, c) sorption onto the concrete

matrix, and d) radioactive decay. These processes in turn are influenced by water-to-cement ratio with

its attendant influences on porosity and diffusivity, crack width, and spacing, radionuclide half life, and

Kj of the radionuclide on concrete. Figure 4 illustrates the impact of water to cement ratio (WCR) on

the porosity of cement paste.

CONCRETE VAULT

WASTE

CRACKS

Figure 3. Schematic of mass transport through a crack in concrete.

Mass transport through cracks in concrete is evaluated using the Tang analytical solution for a

single fracture (Tang et at., 1981). The example calculation estimates the movement of carbon-14

through a single crack. The carbon-14 has a Kj of 5,000 ml/g and a half life of 5720 years. The results

are shown in Figure 5 as a function of water to cement ratio and time. The dimensionless

concentration is the ratio of input and output concentrations. Low numbers are indicative of favorable

performance. Note that the concrete with a high water to cement ratio (i.e., low quality concrete) is

more effective in attenuating transport through a crack. Low quality concrete, with higher porosity and

diffusivity, tends to enhance the importance of matrix diffusion out the sides of the crack. Conversely,

high quality concrete, when cracked, provides a more rapid conduit to the external environment.
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Figure 4. Porosity of cement paste as a function of water/cement ratio.
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Figure 5. Influence of water to cement ratio (WCR) and time on relative concentration of Carbon-14

exiting a one meter long crack in concrete.

The results clearly illustrate that cracks do not automatically negate the ability of concrete

barriers to impede the migration of radionuclides. When flow velocities are low and the cracks art'

small (i.e., the generally expected case) then concrete will significantly slow radionucJide migration,
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and frequently attenuate the total release of many radionuclides. Ironically, high quality (low

water/cement ratio) concrete, although perhaps less likely to crack, are more easily compromised when

cracks occur.
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