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INTRODUCTION O ST I

The Office of Technology Development (OTD) within the Office of Environmental
Restoration and Waste Management of the Department of Energy has a mission to deliver
needed and usable technologies to its customers. The primary customers are individuals
and organizations performing environmental characterization and remediation, waste
cleanup, and pollution prevention at DOE sites. DOE faces a monumental task in cleaning
up the dozen or so major sites and hundreds of smaller sites that were or are used to
produce the U. S. nuclear weapons arsenal and to develop nuclear technologies for national
defense and for peaceful puposes (1,2). Contaminants and waste materials include the
radionuclides associated with nuclear weapons, such as plutonium and tritium, and more
common pollutants and wastes of industrial activity such as chromium, chlorinated
solvents, and polychlorinated biphenyls (PCBs). Quite frequently hazardous wastes
regulated by the Environmental Protection Agency are co-mingled with radioactive wastes
regulated by the Nuclear Regulatory Commission to yield a "mixed waste," which
increases the cleanup challenges from several perspectives.

To help OTD and its investigators meet DOE's cleanup goal, technology performance
specifications are being implemented for research and development and DT&E projects.
Technology performance specifications or "performance goals" describe, quantitatively
where possible, the technology development needs being addressed. These specifications
are used to establish milestones, evaluate the status of ongoing projects, and determine the
success of completed projects. All too common within proposals, statements of work, and
project milestones is a vague statement that the technology being developed will be "better,
faster, safer, cheaper." A comparison to available technologies and quantitative definitions
of the anticipated improvements are frequently lacking in proposals. Program managers
and customers have little indication of whether they are funding a needed improvement in
measurement technologies until the technology is actually developed, commercialized, and
implemented.

This pilot project has focused on chemical measurement technologies for volatile organic
compounds (VOCs) in soil and ground water. The project team has developed a model for
the development and implementation of performance specifications and has applied this
model to VOCs. The customers and their needs define the problems to be solved, a review
of relevant available technologies defines the baseline from which development must
progress, and quantitative performance specifications are identified on the basis of unmet
monitoring needs. These general performance specifications are then translated into
project-specific performance specifications in consultation with the principal investigator.

PERFORMANCE SPECIFICATION APPROACH

The general approach is to document what currently exists or is nearing completion and
compare that baseline to the customers' needs to identify the unmet requirements. These
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unmet requirements then are the basis for the technology development needs by the
investigators, to be addressed. The process needs to be quantitative where appropriate, to
steer project goals away from vague generalities like "faster" and toward specifics like
"reduction of labor requirements for Step A from 4 hr to 0.5 hr."

Performance specifications constitute a program management tool and must fit within an
overall program management structure. During the planning phase of a program,
performance specifications are needed to identify the research or demonstrations requiring
support. During the execution phase, performance specifications can help in the evaluation
of both proposals and ongoing projects. The success of completed projects can be
evaluated against the established performance specifications to provide a basis for
considerations about further funding, technology transfer, or implementation.

For an individual project, technology performance specifications will be used to establish
milestones, evaluate the status of ongoing projects, and determine the success of
completed projects. Preliminary performance specifications will be required in proposals
and will be evaluated as part of the proposal evaluation.

I. PERFORMANCE SPECIFICATION PROCESS

A. Baseline Technologies for an Environmental Research or
Waste Management Need

1. State the need of the customer. What problems need to be solved? What
are the boundaries of the need? (Limit the scope to a specific need to keep
the process focused). What are the current deficiencies? What are needs
versus desires? This information should be supplied in consultation with
customers where possible; interactions need to both quantify the need and
distinguish truly needed features and performance specifications from
desired, but not required, properties.

Discuss the potential impact of improved technologies. Where possible,
quantitatively estimate what can be done better, faster, safer, or cheaper.

This preliminary statement, prior to other work, is refined in Section

2. Describe the relevant technologies that can be applied to the customer's
need. The focus is on the customers' need, not the technique, so address
all viable alternatives, not only directly competing alternatives. (For
example, characterization by gas chromatography/mass spectrometry,
describe all VOC characterization technologies, not just the competing
related technologies). In addition to available technologies, address
current worldwide technology development and assess the probabilities of
addressing unmet needs and the schedule for availability of the technology.
For upcoming technologies, present only a brief overview of technologies
that are still at the basic research stage, will not be available within the
customer's time frame, or have a low probability of successful
implementation. If no technologies currently exist to solve this problem
state that

The text needs to include descriptions of technical alternatives, their status,
their availability (with a list of vendors), and any barriers to
implementation.



3. Describe how the technology will be applied. What are the conditions of
the operating environment (environmental, space, health and safety,
operational constraints)? What are the time requirements (setup time,
measurement time, time to data availability, need for 24-hour operation.)
What are the user attributes (education/training, number of operators).

4. Tabulate quantitative performance specifications for current technologies
(including technologies under development that appear to be on a path
toward successful and timely implementation and availability to DOE; i.e.,
don't fund new research and development if something is already in the
pipeline). Since it is possible to consider specifications in dozens of areas
(technical performance, cost considerations, applicability, availability,
etc.), restrict the effort by limiting the list to the ten most important
specifications, cost should be one of the ten.

5. Document all of the above and provide statements about the quality of the
information (e.g., average of five vendors' specifications with similar
applications to DOE needs versus educated guess with no firm
information).

B. Customer Requirements

Revise and refine the customer need statement developed in Section I.A
Address the following issues in more detail:

1. Identify problems that need to be solved. See Section LA for more
details.

2. Identify the customer(s). Name sites, sub organizations, individuals,
operable units, etc. where available.

3. Define quantitative requirements (e.g., regulatory drivers for detection
limits).

4. Define functional and operating requirements.

5. Assess the priorities of the need (e.g., critical versus desired for
convenience).

6. Assess the urgency of the need (e.g., a start date for projects, by which
commitments to technologies must be made).

7. Document all of the above.

C. Unmet Requirements

Compare baseline technologies versus customer needs and list unmet
requirements.



D. Technology Development Needs

1. Discuss the unmet requirements that can realistically be met by the
proposed technology; discuss the quantitative improvements that can be
anticipated.

2. Tabulate quantitative performance specifications for the proposed
technology (i.e., improvements over baseline).

3. Assess the quality of estimates (e.g., proven in other applications; within
theoretical limits of techniques; best scientific judgment). Provide or
reference documentation where available.

4. Recommend priorities where appropriate, for addressing requirements.
These priorities should be based on the customers' priorities, the
probability of success, and the time frame for completion. Discuss all
considerations in the prioritization.

5. Identify expertise (organization, name, address, and phone) that can be
tapped to confirm the validity of the effort.

After these steps, the needs baseline is established, and the performance
specifications can be used as a program management tool to establish milestones,
evaluate the status of ongoing projects, and determine the success of completed
projects.

II. PERFORMANCE SPECIFICATION PROCEDURE

The development of performance specifications is a program management function.
To minimize bias in their preparation, the specifications must be prepared by a disinterested
individual(s); on the other hand, persons preparing performance specifications need good
technical skills and current awareness in the area. These skills are precisely those needed
by potential investigators, so conflicts are to be expected. After internal management
review, the draft should be critiqued by selected principal investigators both to provide
additional technical input and to educate the principal investigators on the process.

01. USE OF PERFORMANCE SPECIFICATIONS

1. The following guidelines should be applied to the use of performance
specifications: The principal investigator should use the performance
specifications as a goal in developing work plans, quality assurance project
plans, and experimental plans and in assessing the progress of work.

2. The program manager should use the performance specifications as a
criterion for evaluating progress on the project. This will be especially
critical at reviews where decisions on continued funding are made.

The program manager should also refer to the performance specifications
in communications about the projected value of the technology to potential
users.



3. Customers can use the performance specifications to assess the
applicability of the technology to their needs and can plan to transfer the
technology to their site application as it nears completion of development

4. All involved parties (principal investigator, program manager, and
customer) must remember that performance specifications are subject to
change as new information becomes available (new research results,
change in programmatic goals or changes in the customer's needs). All
involved parties must initiate change whenever new information becomes
available that will change the basis for the performance specifications.

Changes in performance specifications can constitute a change in the statement
of work and thus necessitate a contractual change and possibly adjustments in
cost and schedule.

IV. APPLICATION TO VOC MEASUREMENT

A. Customer Needs

B. Description of Relevant Technologies

Reviews of currently available technologies and ongoing research projects were prepared '
on the following topics:

Gas Chromatograhy
Gas Chromatography/Mass Spectrometry (GC/MS)
Electrochemical sensors
Raman spectroscopy
Infrared spectroscopy
Fiber optics (ultraviolet, fluorescence, etc.)

As an example, the GC/MS review found the following:

Two manufacturers currently market field GC/MS instrumentation,
Bruker and Viking. Both systems are capable of operation under either line or
battery power. Both are relatively insensitive to environmental conditions, but
neither is light enough to be carried by a person. VOCs can be introduced to the
system by liquid injection, thermal desorption, direct air sampling (bypass GC),
air sampling by trapping on sorbent thermal desorption and purging and
trapping.

An older version of the Bruker instrument has been extensively used in the
field for VOC analysis with results generally both more accurate and more
precise than those from parallel fixed-base laboratory analysis, because loss
of analyte during storage and transport is minimized. Substantial cost
savings have been documented with field VOC analysis using field-portable
GC/MS.

Current research on instrumentation focuses on developing a customized
purge-and-trap/temperature-programmable GC for the instrument (Leibman
et al. Los Alamos National Laboratory); development of a microprocessor to
control the sampling system and software designed to integrate the sampling



and ion trap functions (Hemberger et al. Los Alamos National Laboratory);
and development of direct-sampling ion trap mass spectrometry technology
by Guerin and co-workers at Oak Ridge National Laboratory. On the last
project, no gas chromatography is provided for separation of compounds;
the mass spectral discrimination is judged sufficient Sample introduction
systems have been developed for air and water. The Los Alamos and Oak
Ridge instruments have been field tested and are in various stages of
commercialization. Additional work is being conducted on development of a
person-portable (backpack) instrument by Meuzelaar and co-workers at the
University of Utah.

Work is in progress to integrate the initial findings of the reviews and the customer needs to
determine the unmet needs and thus the technology development requirements.

V. CONCLUSION

Performance specifications formalize an informal process to screen potential areas of
research and match technology development with customers' needs. Although the steps
outlined here may appear daunting, the process provides a structure for program
management The benefits include early development of a linkage between ongoing
research and the customer's needs and also minimization of replication of research.

Much work remains on this project as we attempt to implement performance specifications
on technology development for VOC measurement. Application of this methodology to
other characterization technologies and remediation technologies is contemplated.
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