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Hanford Science and Technology Basicresearchprograms addressing issuesrelevant
to the DOE provide a knowledge base to support

Largely because of the awareness of the effects this RDDT&E, but this in turn relies on the much
of hazardous contaminants on health and the broader base of knowledge generated by the basic
degree to which these contaminants can persist research community at large. The Hanford mis-
and transport in the environment, there is an ever- sion is too complex to be successful without the
increasing appreciativn of the impact that our involvement of the basic research community.
actions may have on future generations. There is The mission is also too large and complex to be
an increasing need to reduce both the volume and successful without the technology innovations
hazard potential of materials discharged to the from the technology and industrial community.
environment. Faced with the legacy of 50 years of

production missions, Hanford represents both a Linkage of Hanford Problems to
great challenge it_ the cleanup of past waste, and
an opportunity as a proving ground for the future. Science and Technology
Much of what is learned in the cleanup of Figure 3 shows the interrelationship among
Hanford and other DOE sites will help minimize the operational, technology development, and
future waste generation in processes used research programs. The breadth of the remedia-
throughout our economy, tion problems at Hanford requires a wide spec-

The Hanford cleanup will proceed over several trum of technologies and capabilities. In general,
decades and involve a series of complex decisions, the development and application of these tech-
Major factors in these decisions are the public, or nologies can be greatly facilitated by a better
institutional expectations, the engineering and understanding of the underlying scientific pheno-
application aspects, and science and technology; mena which control their performance. This work-
science, technology, and policy must come shop is to explore in some detail the potential
together (Figure 1). Science and technology will applications and underlying phenomena of one of
provide new options for application and the these areas---separations. Separations can have an
knowledge to support the mutual understanding enormous impact; innovations of both a revolu-
among the various parties that will be required to tionary and evolutionary nature are needed. A
make lasting decisions, wide range of separation technologies will be

needed in order to deal with the tremendous com-

Basic Research Is the Foundation plexity of the problem; a sound knowledge of the
underlying principles will be required not only to

for DOE Cleanup support development but also to form the basis of
A series of activities support the science and making good decisions. As we go through the

technology part of the equation (Figure 2). There inevitable process of changing "baselines" to
are detailed activities focused on Hanford-specific accommodate changes in understanding of both
problems and options which, in turn, are sup- the technical and social aspects of our cleanup
ported by broader research, development, demon- mission, this decision-making aspect will become
stration, testing and evaluation (RDDT&E) pro- increasingly important, and requires information
grams addressing DOE's waste issues in general, flow both vertically and horizontally on this

diagram.

(a) PacificNorthwestLaboratory,Richland,Washington
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1,500 Identified Waste Sites
• 900,000 Cubic Meters of "Hot" Waste
• 69 Million Curies of Radioactive Waste
• 1.4 Billion Cubic Meters of

Contaminated Soil

DOE Needs

DOE Basic Research O01EKnowledge _ase

Basi_ ReSearch (_orn_unity 9cientit
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Figure 2. Basic Research Is the Fundation for DOE Cleanup
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Hanford Waste Constituents magnitude reduction in the amount of glass
volume that would have to be sent to a repository,

Both revolutionary and evolutionary advance- but it also results in a lot of grout.
ments in separations technology can have an

enormous impact on the Hanford mission because Single-Shell Tank Wastesof the basic nature of our waste (Figure 4). It is
important to realize that most of our problems The sketch in Figure 6 will help place the
stem from just a few parts per million of highly volumes in perspective. The radioactive contents
radioactive constituents, and maybe a few parts of the SSTs would cover a football field _'ith an
per thousand of toxic metals such as chrome and inch or so of radionuclides. As a result of various
mercury. [Note: Chrome is only toxic in certain actions over the history of the SSTs, the total
forms. Mercury is probably the most toxic of the volume of waste in the tanks would cover the field
U.S. Environmental Protection Agency (EPA)- to a depth of about 75 feet. The volume of glass
listed toxic metals but it exists at Hanford at a frit imported to make glass would add another
much lower level than chrome.] These constitu- 3 feet. Addition of the grout results in a column
ents are embedded in wastes that are either of more than 300 feet if it is required that the
dest_ctible or are elements such as sodium which, grout be able to immobilize the low-level stream
although hazardous in concentrated form, are to the extent that any groundwater coming in
quite common to our environment and easy to contact with it would remain drinking water
deal with. To the extent that these constituents quality. This volume could be substantially
can be separated and dealt with according to their reduced to a column only a few hundred feet high
relative needs, our job can be greatly simplified, if engineered barriers, which have their own

problems, can be developed to reduce the possi-
"Reference" Scenario Used for SST bility of groundwater interaction.

Study Volume and Cost Reductions for
The waste contained in the single-shell tanks Both Glass and Grout

(SSTs) can be considered for purposes of illustra-
tion (Figure 5). There are about 140,000 cubic Effective separation technologies could possi-
meters of process waste in these tanks. One bility achieve enormous volume reductions by
option for remediation of the tanks is to remove removing the troublesome constituents from the
and immobilize the waste. These wastes contain waste (Figure 7). Often these troublesome con-
transuranics, strontium, cesium, and technetium, stituents are not hazardous but affect the stability
etc. Incorporation of ali of this waste in glass for of the waste form. In terms of practicality, how-
disposal in deep underground storage would be ever, it makes little difference whether the large
prohibitively expensive, both in terms of glass log waste volumes are the result of the "hazardous"
production costs and demands upon repository nature or the "troublesome" nature. This figure
space. One option is wash the waste, sending the continues with our example of a SST option, lt

' mostly dissolved sodium nitrate, a low-activity was developed to see how the volumes could be
waste stream, for immobilization in grout, leaving reduced if "ideal" or "perfect" separations were
the solids which contain most of the radioactivity available. The grout volume of 6 to 7 million
for incorporation in glass logs. This still leaves cubic meters corresponds to our 3500-foot support
too much volume to be incorporated in glass, so a column for a football field. Grout volumes could
further step could be an acid wash of the sludge, be successively reduced by destruction of the
leaving a reduced amount of highly radioactive nitrates, more complete removal of the techne-
solids for glass. Separations are then used to tium, iodine, strontium, and cesium; while the
remove the excessive radioactive elements from glass volumes could be reduced by better separa-
the acid wash stream before i' is neutralized and tions to remove elements affecting glass stability
sent to grout. The separation efficiencies indi- from the feed stream. Of course, the ultimate
cated are based on expected performance of tech- reduction would come from completely removing
nology which is (essentially) presently available, the very small amount of radioactive and
This option provides for more than an order of
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Figure 4. Hanford Waste Constituents
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Figure 5. Reference Scenario Used for Single-Shell Tank System Study
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Figure 6. Single-Shell Tank Wastes
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hazardous constituents from the waste, leaving Experience has shown that even subtle phe-
only a small residual of high-level waste. This nomena and mechanisms can easily change decon-
"ultimate"scenario actually amounts to purifica- tamination factors from numbers like one million
tion of the waste, as opposed to recovery e _ :on- to numbers like one hundred. For example, a
stituents. The process streams would have to be major portion of this conference will focus on
extremely low in residual content, ranging from selective sequestering agents because of the high
10-5 to 2 x 10"sweight percent, for a Class A low- selectivity and decontamination factors this tech.
level waste. In addition to the volume reduction nology offers. Competing reactions form organic
incentive, there is a large cost incentive. The complexants in the waste, and bypass mechanisms
waste form production and disposal costs such as colloids, as well as factors such as specia-
associated with these volumes for the SST wastes tion, can make the difference between succe_ and
alone are estimated to be in excess of $10 billion, failure for these approaches. The potential pay-
This consideration has been based upon a off is very high so these approaches must be
simplistic model of the SSTs. They are not pursued. Therefore, it is important to identify and
identical, and the composition is heterogenous and gain understanding of the potentially interfering
poorly known. Actions taken for different tanks, mechanisms.
or even regions of tanks, may be different.

However, the analysis is qualitatively accurate in Waste Management Options
that the incentive for revolutionary advancement (Network of Systems, Technology
to enable complete separation is obvious. A large
incentive is also evident for evolutionary changes and Science)
in separation technologies. Even small I have used the tank wastes as an example to
improvements can have high payoff, and there are illustrate the incentive for both revolutionary and
numerous situations where such improvements are evolutionary advances, as well as the complexities
called for. that will be encountered developing these

advances. Figure 9 shows a little about the pro-
Waste Tank Constituents cusses by which these advances might be made and

A consideration of the complexity of the tanks implemented. It is important to note that there
provides a reality check on the feasibility of the are a number of problems being addressed on a
application of advanced technology. Figure 8 is a broad front and on different time lines. The
picture of the inside of one of the double-shell DSTs, for example, actually consist of a number of
tanks (DSTs). These tanks hold several different different waste streams each with their own
types of waste so there are major tank-to-tank separation requirements. Similarly, there are
differences. A major characterization effort has several types of "contaminated soils" and several
been ongoing and will continue for some time just different kinds of groundwater contamination.
to determine the contents of these tanks. In These different subsets are ali on their own
general, the tanks have a complicated history and timelines. For each case, system engineering
are inhomogeneous, consisting of several layers, studies of a spectrum of interrelated waste prob-
each containing mixtures of phases which are also lems will be used to support top level decisions
nonuniform. Most of the periodic table is (such as leave or retrieve) (Figure 10). As time
included in an almost infinite number of com- goes on the options will become narrowed and

more focused and decisions will be made at a
pounds and phases. Some basic questions are:
How do you even describe this on paper? What is lower and lower level. Also, as time goes on, the
the structure, or mineralogy, as well as the cumulative investment in earlier decisions
chemistry of the waste? How is it distributed? becomes larger. Poor decisions will be very
Can you even plan a processing scheme for any- expensive!!! The quality of these decisions will be
thing this complex? What are the myriad of inter- dependent on, among other things, our knowledge
actions that can occur during processing? of the limiting phenomena.
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Figure 9. Waste ManagementOptions
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Figure 10. An ImportantRole for ScienceandTechnology
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Sound Scientific Foundation/ to make good decisions about the use of such
improvements (Figure 11). The mission is com-

Understanding Is Needed plex enough and long enough that things will

In summary, we are starting on a difficult surely change from the way we perceive them now.
mission that will continue for some time. There is So, in addition to the good decisions, we will need
a large incentive for technology improvements, a defense-in-depth or number of alternatives to
and just as important will be the need to be able accommodate surprises when they arise.
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Figure 11. Sound Scientific Foundation/Understanding Is Needed
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