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BACKGROUND

When plutonium production operations were halted at the Rocky Flats Plant, there remained a
volume of material that was retained in order that its plutonium content could be reclaimed.
This material, known as residue, is transuranic and mixed transuranic material with a
plutonium content above what was called the "economic discard limit,"or EDL. The EDL was
defined in terms of each type of residue material, and each type of material is given an Item
Description Code, or IDC. Residue IDCs have been groupedinto general category descriptions
which include plutonium (Pu) nitrate solutions, Pu chloride solutions, salts, ash, metal,
filters, combustibles, graphite, crucibles, glass, resins, gloves, firebrick, and sludges.
Similar material exists both below and above the EDL, with material with the (previous)
economic potential for reclamation of plutonium classified as residue.

During the initial twenty years of operation at Rocky Flats, plutonium recovery operations
were performed at a level which generally kept up with the rate of weapons production.
However, during the most recent years of operation, production requirements exceeded the
plant's capability to recover plutonium, and the inventory of backlog residue material grew.
The residue backlog continued to accumulate through 1989 when plutonium production
operations were curtailed. Small amounts of mixed waste, potentially identifiable as residue,
continue to be generated at the site due to ongoing caretaker operations such as maintenance,
utility support, and liquid waste treatment.

Approximately 980 cubic yards of solid residue and 20 cubic yards of liquid residue are
currently stored at Rocky Flats, with the majority of the material classified as mixed waste in
that it contains RCRA-regulated material. A lesser amount of similar material also is stored at
Rocky Flats which is lower in plutonium content but of similar chemical makeup. With the
requirement for plutonium now significantly reduced, this material is no longer needed for the
defense mission and has been placed under the purviewof Environmental Management.

Recent requirements, including both administrative and judicial orders, require that mixed
residue material be managed as TRU-mixed waste and that the material be processed for
transportation and disposal as expeditiou,_lyas possible. In their current storage configuration,
the various materials do not meet the projected Waste Isolation Pilot Plant Waste Acceptance
Criteria (WIPP/WAC), nor do they meet Department of Transportation requirements for
transportation. Thus, regardless of the mode chosen for eventual disposal of these materials,
processing and repackaging must be accomplishedbefore these material can be transported or
disposed.
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The majority of the residue to be processed for disposal will result, after processing, in TRU or
TRU-mixed material. Current plans are to deposit this material at WIPP. Secondary low-level
waste generated in processing the material is planned for disposal at the Nevada Test Site (NTS).
Any shipment of TRU waste to WIPP must meet the criteria described in the WlPP/WAC. These
include waste form, transportation, RCRA, and performance requirements which relate to long-
term disposal. In many cases, transportation requirements duplicate those in the WlPP
Operations and Safety Criteria, but also include weight limitations per drum, a 325 fissile

I gram equivalent limit for a single TRUPACT-II container, and further limitations on the
, thermal power and gas generations rates per drum. These factors must all be taken into

consideration in planning for disposition of residue material, along with the transportation and
interment associated with each container of material to be shipped. Minimization of the volume
to be shipped (waste minimization) has both economic and ecological ramifications.

ALTERNATIVES

The baseline alternative for processing residue material for interment within the WlPP is
based upon dissolution of the residue material in acid with subsequent ion exchange and
precipitation of actinide, which would then be stored. This aqueous processing will significantly
reduce the actinide content of the resulting matrix, allowing a larger volume of material to be
stored in each container to be shipped and will also isolate actinide material which must be
stored appropriately. This reduction of matrix material volume will result in a reduced volume
of material to be stored within WlPP and obviously reduced transportation requirements but
will result in an increased volume of actinide to be managed (significantly less than the current
volume of residues). Systems to accomplish processing using baseline processes are not
available at Rocky Flats, and considerable expenditure will be necessary to establish the
production operations to process residue for shipment.

A series of material balance calculations and process evaluations have been performed to
evaluate alternative options within the waste minimization option. These are being compared to
the established baseline process to determine whether faster, better, cheaper, or safer methods
can be used to process residues under this waste minimization option. Significant progress has
been made in identifying alternative treatment methods which, if economically and practically
feasible, will reduce the volume of processed waste which needs to be shipped and interred. The
iterative process of refining the baseline to accommodate newly identified technology options is
an ongoing process.

Other alternatives are also under consideration, including processing and packaging residue
material for direct shipment to WlPP without removal of actinides. Within this scenario, a
variety of combinations of alternatives are available, centered around adoption of alternative
containers which would allow an increased volume of material to be shipped per container
within the constraints of regulatory requirements. Each of these alternatives must be evaluated
against the baseline (or revised baseline) to determine whether they are a more practical
method for elimination of residues from the Rocky Flats Plant.

Certain contingencies must also be evaluated and planning must be initiated for these
possibilities. Current assumptions are that WIPP will be available for deposits by the year
2000. It is also assumed that WlPP will be granted a "no migration" variance to land disposal
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restrictions. Should opening of WIPP be delayed, longer term interim management of residues
will be required at the Rocky Flats Plant, with storage either in a processed-and-ready-for-
shipment condition, or in a safe-ready-for-processing condition. Should WIPP not be granted a
no migration variance, the WlPP/WAC will be significantly revised from that now planned, and
any materials processed ready for shipment under the assumed WIPP/WAC would necessarily
have to be reprocessed or processed further to meet the new requirements.

Storage is cosily, and volume of material stored relates to significant costs as the period of
' storage is increased. Potential deterioration of the containers or longer-term chemical changes

could require processing or repackaging of residue materials in the future to preclude safety
problems. Thus, continued storage of material until finalization of WIPP/WAC and the opening
of WlPP creates added costs.

There is an inherent risk involved with immediate processing of materials to the assumed
WlPP/WAC, since reprocessing could be required should the criteria change. Similarly, there
is an inherent risk to maintaining safe compliant storage of the materials in their existing
form, since under this scenario the development of a processing capability would only be
initiated after a final decision is made and WIPP is opened. The design, construction, testing,
and operation of any processing facility would then lag WlPP opening by a decade or more. If one
ignores the capacity of WlPP or the availability of WIPP space after a decade of operation, there
is still the continuing cost of maintaining the residues which must be incurred over a
substantially longer period.

The foregoing factors are complicated by legal requirements based upon agreements with the
State of Colorado, which require expeditious processing of the residue material for shipment and
disposal, with disposal to occur as soon as a facility is.available. Obviously, a significant
decision is required that will take into consideration all aspects of the problem. Data must be
derived from which the most prudent course of action can be determined. This paper discusses
potential measures for evaluation of the foregoing alternatives against the following established
criteria, not listed in order of importance:

• Regulatory Compliance
• Safety to Workers
• Safety of the Public
• Protection of the Environment
• Minimization of Technical Risk
• Waste Minimization

• Operational Flexibility
• Schedule Adherence
• Cost

EVALUATIONFACTORS

Discussion of the foregoing evaluation factors and their usability for evaluation of alternatives
in a rigorous manner is appropriate. Generally, the evaluation factors are meaningful in a
subjective sense, but each uses different measures on a variety of scales. There is, however,
the common thread of cost, which logically can be used as a measure of each.



Regulatory Compliance: This factor dictates that the means by which each particular residue
type is to be dispositioned must be compatible with all State, Federal and local regulations and
ordinances. All Federal and State requirements must be complied with. All relevant DOE
Orders, Defense Nuclear Facility Safety Board (DNFSB) directives, and facility site
requirements must be met.

This evaluation factor is measurable only in binary terms; either an alternative will result in
regulatory compliance or it won't. There is only a single measure, pass or fail. No scaling may
be applied to this factor. If a particular alternative will not result in regulatory compliance, it
should not be considered in the evaluation, since the attempt to award points for this factor could
be offset by high values in other areas, resulting in the selection of an unacceptable alternative.
This factor should be considered in an initial "cut" to define viable alternatives and be based

upon pass/fail. No evaluatory consideration should be given to an alternative which would,
when implemented, not result in regulatory compliance.

The design of any process must accommodate all regulatory compliance issues or the process
should be dropped from consideration. An appropriate measure of regulatory compliance is the
cost which will be incurred to achieve it.

Safety_of Workers

The regulations require minimum safety standards for workers which are very stringent.
Differences in safety for alternatives that fall within regulatory guidelines should be
inconsequential to the evaluation. Worker safety is measurable in terms of the risk or
probability of an accident and in terms of dose rate. Rocky Flats has maximums for worker
dose, which must be used as a discriminator in any preliminary evaluation. Any processing
system designed must comply with rigid DOE, OSHA, and other safety requirements, i.e., safety
must be engineered into the system as it is developed.

A problem similar to that explained for the regulatory compliance evaluation factor exists for
the safety factor, in that any alternative that does not result in an extremely low risk to
workers should not be considered and should be eliminated in the first cut definition of

alternatives. Any process under consideration should be engineered to achieve the lowest
possible risk and be in compliance both with DOT requirements for transportation and ALARA
constraints for workers. The design of any system adopted must be such that all regulatory
requirements, including safety requirements, are fully met. Thus, there is a distinct overlap
between the regulatory compliance factor and the worker safety factor. The only measure of
each of these, individually or collectively, is the cost that will be incurred to assure it.

Safety to the public

This factor, like safety of workers above, directly correlates with regulatory compliance. Any
system adopted must be in compliance with all regulatory requirements for operation and
undergo not only a rigorous EPA or State equivalent evaluation before operation (be permitted),
but also be evaluated by the public through the National Environmental Policy Act process.
Thus, engineering design must accommodate the most stringent evaluation of safety to the
public, and safeguards must be an integral part of the design. There is a strong overlap between



this factor, safety of workers, and regulatory compliance. Safety to the public can be evaluated
in terms of the cost to achieve regulatory safety requirements.

Protection of the Environment: Protection of the environment is defined in terms of (1) the
amount of air emissions generated, and (2) the amount of actinide which would be placed in the
ground. These considerations are the only impact on the environment which could result from
any of the alternatives under evaluation. No discharge other than minor air emissions or the

' matrix material (that will be interred) will be possible if the process is to be operated in
' compliance with current requirements.

Both air emissions and actinide interment are important considerations and must be evaluated
quantitatively and separately since they are basically unrelated. Intuitively, reduction in the
actinide content of the interred material will reduce risk to the environment over time.

However, more realistically, reduction of the actinide for placement in WlPP is important
primarily from the standpoint that the larger the actinide content of the processed residue to be
buried, the greater the volume of material that must be shipped and deposited. Therefore, the
advantages and disadvantages of depositing more or less actinide at WIPP can be measured only
in economic terms. Such an evaluation will determine the cost of reducing actinide content and
will be used to compare with the cost of placing larger volumes of material in the repository.

There are Federal and State standards for air emissions. No alternative that would result in

emissions beyond regulatory standards should be considered viable. Conversely, emissions
within regulatory compliance should be considered as equal. Thus, this factor has a binary
metric; either emissions are acceptable or they are not. The factor is directly related to
regulatory compliance and indirectly related to both safety of workers and safety of the public.
If air emission standards can be met, there is a cost associated with achieving these standards. ._...
That cost is an appropriate weighted measure of this evaluation factor.

Minimization of Technical Risk: This factor is necessary in order to quantify the probability of
success of a particular course of action. Technical risk involves the probability of successfully
using a technology on a production scale to process residue material. A technology or process
that has been proven on previous production operations has a very low technical risk factor.
Similarly, adoption of a technology for production operations which has only been proven
theoretically or on a limited laboratory scale has a much higher technical risk.

Any evaluation of technical risk should be based upon the probability of a successful
industrial/production operation, which, in turn, can be measured on a scale from zero to one.
In other words, if we are 100% sure the alternative will work well, the probability would be
1.00. If we are sure that the alternative will not work (why are we evaluating?), then the
probability of success would be zero. This probability rating should include more than whether
or not the process is proven on a particular scale. A simple and straightforward process that
bears little risk should be rated high in probability of success regardless of whether it has
actually been used in production. Similarly, a production proven process that has experienced
run failures frequently or which has a history of requiring repeat runs should be rated lower.

Any process technology adopted for use in eliminating residue material will require a
substantial investment for design and construction. It follows that it would be very unwise to



invest such sums in development of an industrial facility without the research and development
necessary to assure a very low technical risk. The cost of the research and development
necessary to assure the low technical risk then becomes a part of the total cost of technology. In
terms of evaluating this factor, costs to assure low technical risk become an integral part of the
overall cost. This inc'iudes the cost of the R&D associated with development of the technology
multiplied by one plus the probability that the R&D will prove the technology inappropriate for
the purpose. Thus, I_echnicalrisk can be measured in terms of the cost of reducing it to a

I negligible number.
I

Waste Minimization- This factor is a measure of the volume of material resulting from each
process under consideration that will be required to be shipped either to WlPP or NTS. The
lower the volume of material to be shipped, whether it is processed residue or secondary
process waste generated, the better the process from an environmental protection, safety, and
cost viewpoint. A reduction in the volume to be shipped will reduce transportation risks,
reduce space occupied in the repository, and lower costs of repository operation. Waste
minimization is a certainly an important factor which bears its own weight in terms of the
evaluation proces,,_.

On a stand-alone basis, however, waste minimization must be compared with the cost to achieve
it. A process which would reduce the volume of material to be shipped to WlPP or NTS would
have a significant advantage if it would result in a lowering of costs, which can be measured in
terms of the cost of WIPP or NTS space. Similarly, the _ralue of fewer shipments, that would
result from a lower volume of material for shipment, can only be determined in terms of the
cost of making fewer low-risk shipments. WIPP and NTS space may be evaluated in terms of the
costs of developing and operating WlPP or NTS space divided by the space available. These
figures, although changing, have been published. The cost of achieving a reduced volume for
shipment must be compared with the increased costs for safe transportation and the incremental
costs for repository space to determine waste minimization value. The measure of the waste
minimization factor is the cost of acquisition and operation of the system that will process the
residue, plus the cost of transporting the material, plus the costs associated with interment.
The sum of these is the life-cycle cost of the proposed system.

Operational Flexibility: Operational flexibility is defined as a measure of the sensitivity of the
process to changes in programmatic assumptions and/or requirements and the capability of that
process alternative to accommodate those changes. An example of operational flexibility risk is
the development of a process capable of producing only a non-Land Disposal Restriction (LDR)-
compliant TRU mixed waste product when there is a probability that WlPP will be opened
without an LDR variance. The product of the probability of WlPP opening without an LDR
variance, times the cost of development and implementation of the foregoing process, defines the
penalty cost of developing a process that is not flexible. Such penalties would be of large
magnitude if the probability of WlPP not obtaining an LDR variance is high, and negligible with
a low enough probability of such an event. Similarly, the risk of developing and implementing a
process that is fully compliant with the predicted WlPP/WAC is dictated by the probability of
WlPP/WAC becoming more restrictive. The product of the probability of continuing the
current predicted WlPP/WAC and the cost of development and implementation of a such a system
is the penalty cost associated with development and implementation of such a system. Obviously,
it would be very unwise to invest in a system that could not be adapted to varying waste



acceptance criteria if the probability of the waste acceptance criteria becoming more
restrictive is high. Similarly, the penalty associated with over development of a process is
associated with the probability that the waste acceptance criteria might become less restrictive•

Operational flexibility can be measured in terms of the risk penalties associated with
implementation of a nonviable system. These can only be determined through evaluation of the
probability of an event that would make the investment essentially worthless or would dictate

, modifying the system to accommodate the change. The measure of the operational flexibility
, factor is the cost of the system times the probability of such an event occurring. This may be

directly additive to life-cycle cost for use in evaluation.

Schedule: There are two factors involved in scheduling: (1) the overall development and
production schedule, and (2) the production schedule for processing once the operations have
started• The overall development schedules are driven by external forces, including stakeholder
reaction, judicial or administrative orders, DOE requirements, or other factors• In the case of
residues at Rocky Flats, a Compliance Agreement requires that Rocky Flats provide a schedule to
the State regulators that describes the planned sequence of events necessary to process and ship
residues from the plant• The Order requires that residues be processed for shipment and
disposal as expeditiously as possible, with shipment to occur when a destination becomes
available• The schedule may be modified by mutual agreement as external events occur that
preclude adherence to the previously established milestones. This factor of the schedule may
only evaluated subjectively.

There are a variety of external influences which relate to scheduling• Two of the most critical
are potential changes to the waste acceptance criteria and to the variance for Land Disposal
Restriction requirements at WIPP. Schedule variances may be imposed if the processes planned
will not result in appropriate configurations for material to be deposited. Thus, there is a risk
associated with continuance of a schedule into expensive design and construction which is
dictated by the probability that the rules will change.

New or different processes which show promise to significantly enhance operations also impact
scheduling. New processes must be developed and tested, and subsequent to a tentative decision
to use such a process, production scale design and testing must be conducted• These activities
take time and, depending upon the technology or process, could have a drastic effect on the
schedule. This factor is directly related to the operational flexibility evaluation factor in that
the more flexible a system is, the less likely it is to disturb schedules under conditions of
change. The schedule factor can, thus, be measured for each alternative by evaluating the cost of
following the alternative and developing penalty costs associated with potential changes.
However, this is accommodated by the operational flexibility factor and is, in fact, duplicative
of it.

The second factor of scheduling is more easily evaluated on an objective basis• This is the
production schedule for processing of residues once the system is operational. At this time,
Rocky Flats is basing analysis on an approximate 15 year work-off period. Systems design,
thus, must be such that whatever is adopted will be capable of reducing backlog residues to zero
over a 15-year period. (The system could also be used subsequently for processing of



decontamination residue resulting from decommissioning activities). The system costs are an
adequate measure of this capability.

Cost Effectiveness: This may be measured by developing the life-cycle cost for each
process/system under consideration. Life-cycle cost includes front-end development or
research and development costs, design and management costs, construction costs, operational
costs, transportation costs, and interment costs. The lower the cost to achieve results, the more

J advantageous the system under evaluation is. This single factor overlaps with every other
, evaluation factor, and de facto becomes the measure of the overall system.

RELATIONSHIPBETWEEN EVALUATIONFACTORS

The evaluation factors discussed above are each important factors to be used in reaching a
decision as to course of action. However, they do not lend themselves to a weighted evaluation
approach since they are not mutually exclusive. The following discussion applies:

Regulatory Compliance: Any system adopted for use must be in compliance with regulations and
legal requirements. Regulatory compliance involves (1) safety of workers (OSHA, RFP and DOE
policy, etc.), (2) safety of the public (DOT, 6430.1A, etc.), (3) protection of the environment
(RCRA, AEC, etc.), (4) waste minimization (because lower waste will result in more safety to
the public), and (5) cost effectiveness (because dollars need to be spent to reach regulatory
compliance), schedule compliance (because of the Compliance Agreement), and perational
flexibility (if an alternative is not compliant under changed assumptions or rules, it is not
compliant). It is almost impossible to isolate regulatory compliance from any of the above so
that it may be independently evaluated.

Safety_of Workers and the Public: Similarly, any system adopted must meet the minimum
requirements for safety of the workers and the public, and whatever funds are required include
funds to make it safe. The factor cannot be easily isolated since it overlaps with (1) itself
(safety of workers and safety of public), (2) regulatory compliance, (3) protection of the
environment (marginally), (4) waste minimization, (5) cost effectiveness, and (6) schedule
compliance. It is not obvious that the safety factor can be isolated as an independent evaluation
factor.

Protection of the Environment: This factor partially overlaps with other factors, and partially
is an isolatable, stand-alone factor. That portion of the factor involving air emissions overlaps
with (1) regulatory compliance, (2) safety of workers and the public, and (3) cost
effectiveness ( must be designed to meet requirements). The portion of this factor which
involves putting actinides in the ground somewhat relates to (4) waste minimization, and
directly relates to (5) cost effectiveness.

There is a non-overlapping portion of the factor which is the political palatability of putting
actinide in the ground from a stakeholder involvement point of view. Regardless of the cost
effectiveness of interment of actinide, one must consider whether it is more politically
appropriate to bury the actinide or to manage it in a monitorable and retrievable fashion.



Minimization of Technical Risk: Technical risk directly relates to cost, in that there is a
penalty which must be paid if the investment in the proposed process does not prove workable
on an industrial scale.

Waste Minimization; This factor duplicates the other evaluation factors as follows:

• Waste must meet WIPP/WAC and DOT requirements which dictate the volume of a material
J which can be shipped, which duplicates the regulatory requirements factor.
' * The lower the actinide content, the lower the risk to the environment, the public, and the

workers.
• The cost to develop a safe and compliant system is duplicative of the cost effectiveness

factor, and the number of shipments required is directly related to transportation and
interment costs.

• The lower the volume of waste, the lower the actinide content, and the better the
operational flexibility. To explain this, consider that at the limit, a waste with no actinide
content would not create a storage problem and no-migration would not be a problem. At
the opposite extreme, a very high actinide concentration could create serious operational
flexibility problems.

• The greater the amount of waste to be shipped, the longer it would take to ship it, and the
more tendency to impact schedule compliance.

Operational Flexibility: This factor is related to regulatory compliance, safety of workers and
the public, protection of the environment, waste minimization, cost effectiveness, and schedule
compliance. The rationale is that operational flexibility is defined as the capability to react to
changes in assumptions. The lower the actinide content of any product, the greater the
probability that assumption changes will not impact the process. If regulations change, or
assumptions prove not to be valid, a process that marginally meets requirements may not be
acceptable under new rules or invalid assumptions. By association, waste minimization is
related to protection of the environment and safety, which is, in turn, related to operational
flexibility. This may also impact schedule compliance since an inflexible alternative may not
allow adherence to schedule in the face of invalid assumptions or rule changes.

Schedule Compliance: This factor is indirectly related to the other evaluation factors and is
directly related to cost. The system must be designed and implemented to satisfy schedule
constraints.

Cost Effectiveness: Any system must be designed for regulatory compliance, which will impact
capital and operational costs, and must be designed to be safe to workers and the public, which
impacts the safety of workers and the public. It must protect the environment with regard to
air emissions, and the costs for this must be born in the design, and as above there is a 1:1
correlation between waste shipped and cost of interment/transportation. Technical risk mu_t
be defined in terms of the probability of failure multiplied by recovery costs, and operational
flexibility also can also be evaluated in terms of cost based upon risk multiplied by recovery
costs. Schedule compliance is directly related to cost in terms of the size of the facility,
transportation costs, labor, and other factors which may be dictated by the schedule.



DOLLARLIFE-CYCLECOSTSARE ANADEQUATEMEASUREOF ALLFACTORS

All of the evaluation factors needed to recommend a decision must be measured in terms of
dollars within the context of system life-cycle cost, using weighted-dollar penalties to
accommodate risk. The following logic applies:

Regulatory Compliance: The cost of any viable system must include designing, constructing, and
operating the system in compliance with all requirements. The costs for developing a compliant

' system are inherent in the life-cycle costs for the system. Since a noncompliant system is not
viable, and compliance is the minimum acceptable system, costs to achieve compliance can be
considered to be an accurate comparative measure of achieving compliance. There is little or no
gain in achieving greater than compliance, if such could be defined. Thus, by developing the
life-cycle costs of a system or estimates thereof, we have defined a measure to achieve
compliance. Redundancy between factors will be avoided since there will be no duplication. It
will not be necessary to define the costs between a noncompliant system and a compliant system,
since the cost of a noncompliant system is of no interest.

Safety of Workers: The same logic applies within this factor. There are maximum dose
requirements for workers. Should a particular alternative result in a higher-level dose rate,
then either more shielding or automation will be required. Each of these can be quantified in
terms of cost. Whatever system is installed must follow DOE Orders on safety, OSHA standards,
and other safety requirements. Thus, worker safety can be specified in terms of the funds
required to achieve it.

Safety of the Public: For this evaluation, interred actinide must be ignored since it is included
under the protection of the environment factor (in fact, safety of the public and protection of the
environment are very intertwined). Ignoring, then, the amount of actinide placed in the ground,
the biggest hazard to public safety is in a potential accident during processing or during
transportation. The method for assurance of a minimum risk to the public (and also the
workers) during processing is through compliance with DOE 6430.1A (overlap with regulatory
compliance) which dictates construction standards for buildings to be used in processing
radioactive material. Compliance with that Order can be measured in the dollars required to
achieve it. The risk to the public during transportation, under the assumption that DOE
requirements are complied with, is directly proportional to the number of shipments made. In
turn, the number of shipments is inversely related to the amount of actinide to be shipped
(waste minimization), which is, in turn, directly related to the costs of transportation and
repository costs. In other words, safety of the public is directly proportional to the costs of
shipping and interment, and the costs to bring the facility (or make the facility) compliant with
6430.1A. Worker and public safety can, thus, be logically specified in turns of life-cycle costs
for a system which will be safe.

protection of the Environment: There are two components of this factor, one related to
regulatory compliance completely (discussed above), and the other related to the volume of
actinide to be placed in the ground. While there are some political/public perception problems
associated with placing volumes of actinide in the ground, there is also an economic factor, since
the cost of interment is directly proportional to the amount of actinide to be disposed. Simply
put, the higher the actinide content, the less material per container, and the larger number of
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containers where costs of interment are on a per-container basis. Since there is a direct
relationship between the volume of containers to be placed into WIPP and the cost of
transportation and interment, protection of the environment can logically be specified in terms
of the total life-cycle costs for the system, which includes transportation and interment costs.

Minimization of Technical Ris..k.:Technical risk may be objectively measured in terms of
probability of success and costs of development. A viable alternative, in order to even be

I considered, will need to have a very high probability of success before it is given status as a
' candidate for consideration. Technical risk, expressed in terms of a probability of failure (1

minus probability of success) can then be evaluated by placing a cost penalty within the life-
cycle cost model equal to the cost of the project multiplied by the probability of failure. The
cost used in the evaluation process would then be greater for those processes which hold a
higher technical risk.

Waste Minimization: This factor is directly proportional to the costs of interment and the costs
of transportation.

Operational Flexibility; This factor can be evaluated in terms of life-cycle costs if the
probability of changes which would impact a processing system is considered and the life-cycle
cost model is adjusted to reflect the potential impact of these changes. This may be accomplished
by determining the probability of change, and subsequently reducing the cost of flexible systems
by the probability of the change multiplied by the difference in costs between an inflexible
system and a flexible system. For instance, the cost to design and implement a system which
would accommodate residues under conditions of no LDR variance at WlPP must be compared to
the costs of the lowest-cost system to process residues under conditions of an LDR variance
being granted. This difference in cost would then be multiplied by the probability that WIPP
will not be granted an LDR variance, which can only be gained through research and subjective
judgment. The difference would then be subtracted from the life-cycle cost model for the more
flexible system in order to reach a decision recommendation (this would not be the life-cycle
cost used for funds determination, but it would be used in explaining the difference).

Schedule Compliance: Schedule compliance for work-off time is directly related to the amount
of equipment needed to meet a given schedule, which is, in turn, directly related to cost. Given a
fixed-time for use in evaluating all alternatives, the cost to meet the fixed time is an adequate
measure for use in evaluating schedule compliance. Other schedule aspects will be
accommodated as explained under technical risk and operational flexibility.

Evaluation Method

The development of alternative evaluations for this complex comparison can be carried out using
dollars and "sense." The lack of exclusive measures for each of the factors dictated for use in

the evaluation can be overcome by placing everything in terms of constant dollars and the use of
the present value life-cycle cost technique. Risk factors may be reduced to increases or
decreases to life cycle for evaluation purposes. Elements for cost consideration include:
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• Research costs

• Preliminary development costs
• Management costs
• Decision costs

• Design and developmentcosts
• Construction costs
• Test and certification costs

t • Storage costs pendingprocessing
' • Storage costs subsequent to processing multipliedby the probability of storage (versus

immediate shipment) and the potential storage time. This will be used in a process now or
process later decision.

• Risk costs related to operational flexibility
o Risk costs related to technical risk

• Processing costs including facility maintenance and management, utilities, labor, etc.
• Transportation container costs
• Transportation costs
• Costs for interment (WIPP and NTS)
• Storage costs for actinide separated for a pre-established period.

Confidence limitsshouldbe developed for each cost estimate, and comparisonbetween
alternatives made only between the upper or lower bounds of cost limits. The result will be a
ranking of alternatives and net scores for each alternative.
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