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ABSTRACT

A systems engineering approach to programmatic
risk assessment, derived from the aerospace in-
dustry, was applied to various stabilization tech-
nologies to assess their relative maturity and
availability for use in stabilizing nuclear materi-
als. The assessment provided valuable informa-
tion for trading off available technologies and
identified the at-risk technologies that will require
close tracking by the Department of Energy
(DOE) to mitigate programmatic risks.

INTRODUCTION

On May 26,1994, the Defense Nuclear Facilities
Safety Board (DNFSB) issued Recommendation
94-1, expressing the Board's concern about the
safety of DOE nuclear materials. The DNFSB
recommended that DOE stabilize and repackage
high-risk material within 2-3 years and the re-
maining materials within 8 years. DOE accepted
DNFSB Recommendation 94-1 on August 3,
1994. After establishing the Nuclear Materials
Stabilization Task Group (NMSTG), DOE issued
an implementation plan to address DNFSB con-
cerns (DOE, 1995a).

The DNFSB called for establishment of a re-
search program to fill gaps in the technology base
needed to accomplish the stabilization. DOE
committed to a research and development (R&D)
program to support the technology needs for
converting and stabilizing its nuclear materials for
safe storage. An R&D program plan (DOE,
1995b) was prepared by the NMSTG-Chartered
Research Committee and published in November
1995. With that publication the Research Com-

mittee was disbanded. To ensure that technology
needs for stabilization continue to be addressed
and that the R&D Plan is appropriately updated,
the Plutonium Focus Area (PFA) was established
by DOE in October 1995 under the DOE Idaho
Operations Office, with support from Lockheed
Martin Idaho Technologies Company (LMTTCO)
and Argonne National Laboratory (ANL). The
PFA tasked its Technical Advisory Panel (TAP)
to update and revise the November 1995 R&D
Plan.

This paper presents the programmatic risk as-
sessment methodology developed for the 1995
R&D Plan and updated for the 1996 R&D Plan.
Results of the 1996 assessment also are pre-'
sented(DOE/ID-10561,1996).

RISK ASSESSMENT METHODOLOGY

The TAP worked as a team to develop the R&D
Plan, including assessment of programmatic risk.
This included review of documentation such as
the 1995 R&D Plan, regular meetings of panel,
and visits to sites with material to be stabilized.
They reviewed existing technologies presently
available or under development due to the near
term nature of 94-1 stabilization. This achieves
cost-effectiveness by leveraging existing devel-
opment, takes advantage of existing stakeholder
commitments, recognizes existing barriers to in-
ter-site transportation of materials, and empha-
sizes cooperation and information sharing among
sites. The goal of the panel was to provide a ba-
sis for making technology decisions. Detailed
funding, costs, and schedules were developed
and tracked by NMSTG.
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The programmatic risk assessment approach was
developed initially in 1995 through total in-
volvement of the Research Committee. In its
first three meetings, the committee adapted of an
aerospace systems engineering approach to risk
assessment (PIR91053/R1,1991). After devel-
oping the assessment criteria, technical experts
from the assessed the risk of assigned technolo-
gies and brought the results to committee meet-
ings for peer review.

For each technology, technical maturity was as-
sessed for seven individual parameters: (1) re-
quirements maturity, (2) process maturity, (3)
hardware equipment maturity, (4) facility readi-
ness, (5) operational safety readiness, (6) per-
sonnel resource status, and (7) schedule status.
A parameter score of 0 means that a technology is
in use; and a score 10 is means that it is in pre-
conceptual phase. An example of adapting an
aerospace systems engineering parameter to nu-
clear engineering is shown in Table 1.

The Research Committee defined the criteria and
the alignment of the criteria so that the levels are
linear in time. Typically, it takes one year to ad-
vance two levels on the scale. Conversely, the
level is the number of remaining years until op-
erational readiness times two. The progression
from concept to operational readiness is a typical
complete cycle; however, steps often are
skipped. If a process is being developed for a
one-time short-term application, the equipment
used to demonstrate hot feasibility may be used
for operations, and the prototype will be skipped.
In nuclear engineering, nonradioactive cold sur-
rogate materials often are used to perform feasi-
bility and prototype, such as the use of thorium
or cerium in place of plutonium. The emphasis
on requiring prototyping to be complete at the
end:use site was added by the TAP in 1996. The
Technical Maturity model was used by other
groups in the program for trade study perform-
ance criteria. Typically, a process developed at a
research laboratory requires extensive effort to be
implemented at an end-use site. For this reason,
the trade study teams recommended and the TAP
formally accepted this added emphasis in the
model.

In a similar fashion to process maturity, the other
six individual maturity parameter scales were de-
fined, and a weighted average was taken to pro-
duce an overall score from 0 to 10. Again, an

Table 1. Adaptation of Aerospace Proc-
ess Maturity Assessment Scale to Nu-
clear Engineering
LEVEL

10

9

8

6

5

4

3

2

1

0

AEROSPACE
CRITERIA

No currently
identified solu-
tions meet re-
quirements

Design concept/
technology ap-
plication for-
mulated
Analytical and
experimental
critical function
and/or charac-
teristic proof of
concept shows
solution may
meet require-
ments
Component /
breadboard vali-
dation in lab en-
vironment
Component /
breadboard vali-
dation in rele-
vant environ-
ment
System / sub-
system model or
prototype dem-
onstration in
relevant envi-
ronment
System proto-
type demonstra-
tion in opera-
tional environ-
ment
System qualified
through test and
demonstration
System with
successful mis-
sion operations

NUCLEAR
CRITERIA

No currently
identified solu-
tions meet re-
quirements
Design concept
/ technology
application
formulated
Cold feasibili ty
demonstrated

Hot feasibility
demonstrated

End-to-end de-
sign
(flowsheet)
complete
Cold prototype
demonstrated &
end-use site

Hot prototype
demonstrated at
end-use site

Process inte-
grated into op-
erations
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overall Technical Maturity of 10 means that the
process is in a pre-conceptual stage, and requires
approximately 5 years to complete. A score of 5
means that the project is approximately half way
to completion with a nominal 2.5 years to com-
pletion. A score of 0 represents an operational
system that meets all requirements. The weight-
ings used were 1, 3, or 9 following the standard
low, medium, or high correlation to success
model used in Quality Function Deployment
Although it would seem an anathema to a top-
down, requirements-driven aerospace systems
engineer, the weighting for requirements under-
standing was a medium, or 3, instead of a high,
or 9. This is because nuclear materials stabiliza-
tion processing is an unsolved chemical problem,
and much of the effort is experimental. Asa
matter of fact, there could be a good degree of
sympathy from software engineers who prefer to
do rapid prototype to drive out the real require-
ments instead of waiting for the fruit of typical
top-down requirements discussions to ripen.

Another interpretation of Technical Maturity is
related to the Probability of Failure as follows:

Probability of Failure = Technical Maturity /10,

and the Overall Programmatic is:

Programmatic Risk = Probability of Failure x
Consequence of Failure.

Typically, the Consequence of Failure is a func-
tion of performance, cost, and schedule conse-
quences. Since nuclear materials stabilization is
schedule driven and most of the requirements are
broader functional requirements, the TAP devel-
oped a quantitative Consequence of Failure cal-
culation based on a technology's R&DNeed
Date. The information provided in Table 2 relates
applicable NMSTG milestones identified in the
94-1 Implementation Plan to the R&D Need
Date, as reflected in a site-specific Site Integrated
Stabilization Master Plan (SISMP). The "R&D
Need Date" is the date by which a particular tech-
nology must be available, including personnel,
equipment, facility, and safety readiness. The
"DOE Site" is the end-use site responsible for
completing the milestone. The "Milestone Text"
is a summary of the milestone, as described in
the Implementation Plan.

Table 2. Driving Implementation Plan
Milestone Requirements for Plutonium
Metal and Oxide (>50%) Stabilization

NMSTG
MILESTONE
DUE DATE

Sept 1998

R&D
NEED
DATE

Oa
1997

DOE
SITE

RFETS

MILESTONE
TEXT

New Pu metal /
oxide process-
ing line opera-
tional in
Building 371 at
Rocky Flats.

The Consequence of Failure is:

Consequence of Failure = MIN {1, MAX { 0,
1- (Years from Present to Need Date / 5)}}

This makes the Consequence of Failure increase
linearly in time to 1 as the R&D Need Date is ap-
proached, with the minimum value of 0 at a time
5 years from the need date. The example curves
in Figure 1 show the overall programmatic risk
scores for theoretical cases where a technology
scheduled to be completed in 5 years remains be-
hind schedule for a fixed number of years as the
program progresses. An on-time project (0 years
behind schedule in Figure 1) never exceeds an
overall programmatic risk of 0.25. Conse-
quently, a project whose score does not exceed
0.25 was considered a low risk. Technologies
with an overall programmatic risk of 0.40 or
greater were considered a high risk. A five-year
project that is making little progress in the first
year is medium risk, and if it continues to not
make progress in the second year, it is classified
as high risk (2 years behind schedule in Figure
1).

RESULTS OF NOVEMBER 1996 RISK
ASSESSMENT

The left frame of Figure 2 shows all technologies
reviewed by the TAP for the 1996 R&D plan.
The number of technologies reviewed for this
plan was 64 compared with 99 for the November
1995 plan. There are 36 medium and high risk
technologies among all of the technologies re-
viewed for this plan compared with 16 medium
risk technologies and no high risk technologies
identified in the November 1995 R&D Plan.
This is because the calendar had advanced one



Years Behind Schedule:

High Risk
Area

i_
Medium

Risk Area
Low
Ris

3 2

Years to R&D Need Date

Figure 1. Schedule-Driven Consequence of Failure Calculation

year, but the progress in research and develop-
ment had not necessarily advanced one year.

The right frame of Figure 2 shows the 40 tech-
nologies that are recommended to be pursued as
baseline or competitive alternative technologies.
Within this context, baseline refers to a technol-
ogy recommended in this plan for a particular use
at a specific site. A competitive alternative is one
of two or more technologies that are recom-
mended as candidates for a baseline application.
These recommendations are based on the results
of the five trade studies performed during Fiscal
Year 1996. Considering these recommendations,
there is only one high risk technology and 14
medium risk technologies that cause some pro-
grammatic risk with respect to meeting 94-1 Im-
plementation Plan Milestone dates.

The high risk rating is for the baseline cryogenic
crushing of combustibles containing plutonium at
Rocky Flats Environmental Treatment Site
(RFETS). It requires focused commitment by
DOE headquarters and the RFETS Field Office to
develop this process that was recommended by

the trade study. In addition to process develop-
ment; facility, safety, and personnel readiness are
essential for this technology and require a com-
mitted effort to meet the November 1998 stabili-
zation date in the 94-1 Implementation Plan.

Several baseline and competitive alternative tech-
nologies are medium risk and required close
tracking by NMSTG. They are the Plutonium
Stabilization and Packaging System (PuSPS)
stabilization process for Pu metals and oxides at
RFETS; the Vertical Calciner for Pu solutions at
Hanford; treatment of Pu solutions at RFETS;
Distillation for Salts at RFETS; Cementation for
SS&C at Hanford; Calcining SS&C for Ship-
ment at RFETS; Mediated Electrochemical
Leaching of Pu combustibles at RFETS; Silver
Persulfate Dissolution for ash at Hanford; Mi-
crowave Vitrification for WEPP disposal of
RFETS ash; electrochemical treatment and Glass
Material Oxidation and Dissolution System
(GMODS) immobilization for Molten Salt Reac-
tor Experiment (MSRE) salt at Oak Ridge Na-
tional Laboratory (ORNL); Electrolytic Decon-
tamination for Pu packaging at LANL; and the
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Pipe Component for shipping salt residue to
WIPP from RFETS.

Subsequent to the release of the 1996 R&D Plan,
the NMSTG directed the end-use sites to include
the high and medium risk technology projects in
their Site Integrated Stabilization Master Plans,
and to report status monthly, including any
changes in the Technical Maturity scores. A very
important component of the direction included the
end-use sites being responsible for tracking prog-
ress of R&D at off-site laboratories and reflecting
realistic technology insertion timelines for stabili-
zation techniques that are "Not Invented Here."

CONCLUSIONS

The approach used to develop the R&D plans in-
volved a review of those technologies applicable
to 94-1 Implementation Plan issues. Thus, they
do not reflect an R&D plan in the traditional DOE
sense, but rather they illustrate the breadth of
technologies available to the NMSTG for ad-
dressing 94-1 requirements.

This process used is consistent with the problem-
solving approach endorsed by DOE for examin-
ing a wide range of issues faced by the Depart-
ment in the post-Cold War era. By emphasizing
cooperation and information sharing within the
Complex and by adopting proven techniques
from a variety of external sources, DOE has been
able to allocate its limited resources more effi-
ciently. The plans are also an integral part of the
Department's commitment to ensure the health
and safety of workers and the public through the
responsible management of its inventory of nu-
clear materials.

Considering the results, it was concluded that the
technologies necessary to address 94-1 issues are
currently available, are under development, or
have been identified as gaps that should be ad-
dressed by NMSTG management. Thus, new
initiatives involving costly R&D programs for
extensive technology development are hot neces-
sary. NMSTG has established the funding and
tracking mechanisms to ensure that baseline and
competitive alternative technologies are imple-
mented to meet 94-1 commitments. The systems
engineering approach used in formulating the
plan provided an effective model for tracking and
decision making and should prove valuable to

NMSTG in ensuring the timely implementation
of these technologies.
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