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ABSTRACT

Science and technology roadmapping is a planning process to help identify technical
capabiilities needed for both project- and program-level cleanup efforts, map them into
technology aternatives, and develop plans to ensure that the required scientific
knowledge and tools will be available when needed.

Application of science and technology roadmapping within Environmental Management
(EM) requires sgnificant flexibility to accommodete the variations between different
projects and programs and the different levels of roadmapping application. The author
has provided direct support to EM’s Office of Science and Technology (OST) in the
development of draft guidance for science and technology roadmapping in EM. This
paper provides a summary of this guidance and a synopsis of lessons learned from the
gpplication of roadmapping to a number of EM projects and programs.

INTRODUCTION

Science and technology roadmapping was initiated in private industry and has gained
widespread use by various government agencies. It has emerged as a highly effective
means of forecasting critical new technology development requirements, and as a
vauable planning tool for decison-making. This process is now being gpplied to enhance
planning of Environmentd Management (EM) programs. As part of that gpplication, a
roadmapping guidance document has been drafted (1). This paper discusses the history
and philosophy behind the document, provides a summary of the guidance, and discusses
its gpplication in current EM roadmapping efforts and related lessons learned.

BACKGROUND

Application of science and technology roadmapping within EM requires Sgnificant
flexibility to accommodate the variations between different projects and programs and
the different levels of roadmapping application. The EM roadmapping guide was
developed to address these needs.

The development of roadmapping guidance for EM was initiated after the first EM
roadmaps were completed and had demonstrated the value of roadmapping for addressing
high technica risksin key cleanup projects and programs. These first roadmaps aso
indicated the need for and vaue of applying roadmapping & multiple levels.

2Work performed under DOE contract number DE-ACQ07-991D13727
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Theinitid EM roadmaps included two roadmaps addressing dternatives for processing
of high level waste sdts at the Savannah River Site (2, 3). These roadmaps were
developed as part of the actions to recover from the high vighility failure of the origind
salt processing approach, In-Tank Precipitation. After review, roadmaps for two
additiond dternatives were developed and dl four are now in implementation.

The other initid EM roadmap was for the Groundwater/V adose Zone integration project
a the Hanford Site (4). This roadmap was broader in scope, encompassing the needs of
multiple individua Ste characterization and remediation activities. This roadmap was
developed to address the high leve of uncertainty associated with subsurface cleanup
decisons at Hanford.

Concurrent with the development of theseinitial roadmaps, EM was completing the
Environmenta Management Research and Development Program Plan (5). This report
introduced multi-level roadmapping as a key planning tool, while emphasizing end- user
ownership and multi-disciplinary participation as basic values for the planning process.

The roadmapping guide was devel oped by expanding on the philosophy of the EM R&D
Program Plan. It addresses roadmapping at both the project and program levels, based in
part on the experiences of the Savannah River and Hanford roadmaps. The next section
of this paper provides asummary of the draft guidance document, which is available for
download at http://emi-web.inel.gov/roadmap/guide.pdf

ROADMAPPING GUIDANCE SUMMARY
What is Roadmapping?

Roadmapping is a planning process to help identify technica capabilities needed for both
project- and program-leve cleanup efforts, map them into technology dternatives, and
develop plansto ensure that the required technologies will be available when needed.

Technology is defined in The American Heritage Dictionary as “the gpplication of
science’. Within EM, science and technology roadmapping includes planning of both
scientific research and engineering devel opment, with mission gpplication as the end
god.

As asolution-driven, collaborative process for defining an R& D drategy, roadmapping:

|dentifies what to do, whento do it, and why it needs to be done
Does not identify who will do it, where to do it, or how to do it
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Key Principles of Roadmapping
EM science and technology roadmapping is.

Solution-driven
- Isowned by the cleanup project/program
- ldentifies activities and cgpabilities required to accomplish misson/project
objectives
- ldentifieswhere activities or cgpabilities are insufficient or missng
- ldentifies solution(s) to insufficient or missing capatilities
Fully integrated
- Isaconsensus bulding process—process is as important as the product
- Facilitates participation of problem owners, solution provider(s), cusomers
and stakeholders. Thismay include “internd” (safety, maintenance, etc.) and
“externad” groups (regulators, Stateftriba oversight, citizen groups, NAS, &tc).
Comprehensve
- Addresssslife-cycle of program/project (near-, mid-, and long-term needs)
- Conddersfull range of potentid solutions (from basic science to applied
research, technology development, demonstration, deployment, and technical
assstance)
Credible and defensible decision process
- ldentifies the data used, the aternative solutions consdered and the criteria
employed to arrive at adecison
- Documents the bases of the decison
- Thequdlity of the process determines the value of the product

When Should Roadmapping be Used?

Roadmapping is a powerful high-end planning tool. In generd, its use should be
restricted to those programs or projects where thereis:

A high potentia for misson fallure;

Sgnificant consequencesiif failure occurs;

High dollar cogts, high worker exposure, or high environmenta impact; or
Multiple, diverse efforts working on a common problem.

Value of Roadmapping

At both the program and project levels, science and technology roadmapping has severa
potentid benefits, including:

Developing a consensus about a set of needs and the knowledge and technologies
required to satisfy those needs.

|dentifying key cleanup technology decision points and the scientific and technical
information necessary to make informed decisions.
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Providing a framework to help plan and coordinate science and technology
developments within a project or an entire program area.

Science and Technology Roadmapping Process and Products

The roadmapping process includes workshops where participants with responsibility or
expertise in different disciplines increase the collective knowledge base through open
dialog and feedback. Attributes of this proven methodology are:

The process will codify knowledge and technology needs,

Compare these needs to the current state of science and technology,

Identify gaps and shortfalls between the current and the needed Seate,

Deveop defensble dternatives for meeting shortfalls, while aso identifying ways to
leverage R& D investments through coordinating research activities

Develop schedules and priorities to maximize benefit from scarce resources, and
Synthesize understanding into a conceptua path forward for R&D activities.

There are four phases to the roadmapping process. roadmap initiation, technica needs
assessment, technical response development, and roadmap implementation. These phases
and the products developed in each phase are shown in Figure 1. Figure 2 showsa
typica sequence of roadmapping meetings, workshops, and other activities used to
accomplish workscope and products from Figure 1.

During the roadmap initiation phase, the need for aroadmap isvdidated. Next,
sponsorship is secured, the scope and boundary conditions of the roadmap established,
the roadmapping project and product designed, and participants identified. Participants
should include a broad spectrum of people with interest in the project — cleanup
managers, process and operations experts, science and technology providers, and
regulators. Phase | includes the first two boxes of Figure 2.

In the technical needs assessment phase, system flow sheets are developed and specific
system components identified. Areas are identified in the system where there are
ggnificant technical uncertainties. Existing technica capabilities are assessed to
determine gaps between what is needed and what exists. Specific research and
development (R& D) gods are identified to address each capability gap. These godsare
in the form of measurable functiona capabilities rdated to system performance. This
phase is performed in the next two boxes of Figure 2.
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During technicd
response devel opment,
technology dternatives
areidentified and
prioritized for each
R&D god. To bridge
each capability gap, a
path forward is
designed that includes
initid development of
multiple dterndives,
decison pointsto
narrow down advanced
development to only
one technology and
delivery of the needed
capability on a schedule
digned with the
supported cleanup
project. All the
technology needs and
responses are
prioritized, an
integrated schedule
developed, and a
roadmap report
prepared. Thisphaseis
darted in the fourth box
of Figure 2, and
completed in thefifth
box.

Inthefina phase,
roadmap
implementation, the
report isreviewed,
vdidated, and
publicized and an
implementation plan
developed.
Implementation is
monitored, progress
reviewed, and plans
updated as needed.

Activity

Phase | - Roadmap Initiation

Identify sponsarship and
leadership

Products

Mission Staterment

Devalop Sysham
flowsheats and functions
Basaline analysis
Identify technical risks
and opportunities

End state analysis

v

Idantify capabilitias and
gaps

Specify devalopmant
targats

LI T

+ Validate nead to roadmap —— - B}
+  Define scope and +  Charter
boundary conditions
«  Design roadmap project +  Hoadmap Process Dasign
and products ——m= « Rosdmap Report Dasign
+  Secure participants +  Participants st
! Phase Il - Technical Needs Assessment

Confirmed End States
Cleanup Systam Models
Basgeling Technical Risks
Technical Naads

Curreant Capabilities
Capability Gaps
Davaloprmant Tangets

Idantify technology
altarnatives

Develop tachnical

rESponsa

Prioritize neads and
&S ON5as
Develop intagrated

sehadule

Craate roadmap report

Phase lll - Technical Response Development

Technalogy Developmeant
FPathways

Prioritias List
RE&D Schadule

Draft Repart

[

Hewview and validate report

M

3

Develop Implamentation
Plan

Rewiew Progress

Phase IV - Roadmap Implementation

Final Repart
Briefings

Budgets
R&D Work Plans
Status Reports

Fg. 1. Roadmapping Process and Products
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Roadmap Definition Core Team Meeting Technical Needs
+ Draft Roadmap Scope + Draft Technical Objectives WQrkshop
» Describe Roadmap Structure + Define Work Group Roles “Progent Rogdmap Deelgy
and Approach »| - Identify Participants » Finalize Technical Objectives
+ |dentify Core Team + Define Technical Needs
+ Work Group Sessions —
Identify Gaps and Targets
Workgroup Activity
= ‘alidate Gaps and Targets
+ |dentify Technical Response
Alternatives
= Investigate Alternatives
+ Draft Technical Response
Plans
Final Roadmap Draft Roadmap Reviews Technical Response
» Finalize Document + Draft Roadmap Document Workshop
+ Management Approval = Participant Review = Present Work Group Results
+ Develop Implementation Plan + Peer/Independent Reviews + Prioritize Response Plans
+ Update Baseline and b + = Integrate Response
Planning Databases (e.g. Schedules
IPABS) = Draft Major Findings
+ Monitor Implementation

Fg. 2. Example roadmapping activity sequence
ROADMAPPING GUIDANCE APPLICATION AND LESSONSLEARNED

Severd new EM roadmaps have been initiated or completed either concurrent with the
roadmapping guidance development or subsequent to the draft guidance publication.
Each has followed or been influenced by the guidance to some degree. Lessons learned
from these roadmaps support vaidation of and improvement on the guidance.

The roadmaps that have most closdly followed the guidance are two project-leve
roadmaps related to high level waste at the Idaho Nationd Engineering and
Environmental Laboratory (INEEL)(6,7). Both roadmaps focus on aternative designs for
wadte treatment and dispositioning. The focus of these roadmaps is on reduction of
technica uncertainties for each dternative to support informed decison-making on which
dternative to develop. The roadmap reports include details on technical uncertainties for
each design, the research and development pathway to address the priority uncertainties,
and an integrated schedule with resource estimates.

The roadmap coordinator for both these roadmaps found the guidance to be generdly
useful, but only at ahigh level. The roadmaps were sponsored by the cleanup
organization respongble for digpositioning the subject waste streams. Multi-disciplinary
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teams were used in the roadmap development. The generd order of identifying and
prioritizing needs, then developing and integrating responses was followed. However,
they found that for best utility, needs should be identified relative to each specific
dternative design, rather than to the generd project requirements suggested in the
guidance. Needs prioritization was based primarily on the potential impact, with design
viability issues ranked higher than design scding, performance, and economic issues.
Early establishment of the key decision points was another important lesson learned.

It isworth noting that many of the same personnd were involved in both these roadmaps.
While the scope was smilar, the time to compl ete the second roadmap was less than half
that required for the first. The coordinator attributed this primarily to the personnd being
comfortable with the process the second time around, and therefore more willing to
provide the dedicated effort required.

Another recent project-level roadmap (8) found that budget or schedule limitations can
impact the qudity of the roadmapping process. The tank characterization roadmap was
both time and budget congtrained. It followed the guidance process, but was designed to
get through only part of Phase I11. In addition, meetings with cleanup managers and
technology providers were limited to two one-day meetings. The early end to the
roadmap resulted in no detailed research and development activity schedule. The
reduced group interaction time limited buy-in and ownership of the roadmap results by
the participants. Both factors have contributed to limited progress in implementing the
roadmap recommendations.

The gas generation roadmap (9), asmall program-level roadmap, was aso budget
condrained. Thisroadmap involved ateam of participants from across the country. To
hold down travel costs, only one face-to-face meeting of dl participants was held, and
most communication was viae-mail and conference calls. The roadmap coordinator felt
thet by limiting face-to-face meetings, the process actually took longer. Asacomparison,
the three project-level roadmaps mentioned above have each taken 2-6 monthsto
complete, while this roadmap has taken 9 months and afind report has yet to be issued.

Two larger program:-level roadmaps have also been initiated (10,11). Both involve the
vadose zone, and are focused primarily on cgpability improvements over alonger time
period than the project-leve roadmaps above. A sgnificant difference with the other
roadmaps is that both these roadmaps have been primarily sponsored by the science and
technology provider organizationsinstead of the cleanup/user organizations. Thisis
contrary to the guidance. In both cases, the roadmap participants were initidly primarily
researchers, resulting in some difficulties in establishing priorities, schedule drivers, and
linkage to cleanup programs. Again in both cases the breadth of participation was
subsequently expanded to include cleanup program managers, primarily to address these
deficiencies as they were discovered.

Both of these program-level roadmaps are multi-year efforts and are till in process.
While the scope of these effortsis much broader than the other roadmaps discussed and



WM’ 01 Conference, February 25-Mar ch 1, 2001, Tucson, AZ

therefore expected to take longer, it isn't clear how much the schedule could be reduced
in amilar subsequent efforts based on lessons learned.

ANALYSISAND CONCLUSONS

Experience to date on gpplication of the roadmapping guidanceis limited, but sufficient
to make some generd conclusons. For example, it is evident thereisthe need for two
types of roadmaps as described in the guidance.

Project-level roadmaps work well when the objectiveis clearly determined up front by
the cleanup sponsor. They can be completed in ardatively short time (~3-4 months), but
require a strong commitment of resources to be developed effectively. This suggests the
focus of the roadmap must be solution of akey problem of the sponsor, preferably with
not just technicd risk but dso some schedule urgency. If the problem isn’'t important
enough, or the roadmap has some driver other than the project’ s centra cleanup
responghility, it may receive insufficient resources (both budget and key personnel
availability) to be completely successful.

Program-level roadmapping experience is more limited, due in part to the time to
complete. Thisleaves more questions than conclusions. For example, the guidance
indicates a cleanup sponsor is needed up front. However, sometimes a problem needs
working which does't belong to any specific existing cleanup organization, and

therefore isn't squardly on that group’s critica path for misson completion. This seems
to be the nature of the problems being worked by most of the program:-level roadmaps to
date. Inthe case of the Hanford roadmap, an organization was formed at about the same
time as the roadmap was prepared. The two more recent vadose zone roadmaps are
working to show support for multiple environmenta restoration projects, but are dso
addressing a problem which has alonger time horizon than any of those projects
individudly. More experience on program-level roadmapsis needed to understand how
to improve their efficiency and utility.

One particular difficulty for EM program-level roadmapping has been setting of
measurable goas for capability improvements. Program:level roadmap goals tend to say
“improve’ without saying how much. This area of the guidance was developed based on
review of indusiry roadmaps. The primary difference is the length of time between
technology “generations’. Within private indusiry, new generations of products occur
every few years, and there is ample history available for extrgpolation in setting future
generation performance sandards. Within EM, the market is limited and most projects
use technologies only once rather than repeatedly over a period of many years. This
makes it much more difficult to understand and define the performance requirements for
next generation tools that will replace current capabilities.

The guidance suggests the development of system flow sheets during the Technica
Needs Assessment phase. Flow sheets or “functiona flow diagrams’ were employed on
al of the project-level roadmaps to date, but with the exception of the gas generation
roadmap they have not been used at the program level. ItisT't clear if thisindicates a
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lack of gpplicability at the program leve or just alack of effort to usethesetools. While
the program-level roadmaps are generdly addressng multiple, related problems rather
than a single problem with multiple possble solutions, they dso seem to have difficulty

in focusing the multiple problems into an integrated theme. It isn't clear whether flow
sheets could help with thisissue.

The guidance dso suggests the involvement of regulators and even stakeholders during
roadmap development. In generd, this hasn't occurred, and regulator and stakehol der
involvement has been limited to information exchanges rather than direct participation. It
ign't clear what impact this will have on the ease of deployment of new technologies
resulting from roadmap implementation. Program:level roadmaps have been more likely
to provide the information exchanges.

A fina conclusion isthat roadmapping does seem to work best on important, difficult
problems, and possibly should be limited in its gpplication to only those problems. One
key observation is the number of independent reviews performed both during roadmap
development and implementation. Those roadmaps with significant reviews have tended
to exhibit better commitment of resources, better follow-through on recommendations,
and generdly atighter and higher qudity effort. Since high levels of independent review
are usudly limited to afew key projects or programs, one new metric for deciding
whether to roadmap is to consider whether significant independent reviews are dready
contemplated. If so, aroadmap may be akey planning tool. If not, aroadmap may be
overkill.
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